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material or nore general T‘96‘°[6he noi sture conditions present in the nediumin
which the indicator is placed. The noisture indicators according to the

i nventi on WOMMOPEE an active principle which is used in par?¢EEPEYOTIHr
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the form OT Ol COt oul T g~ gert ottt & o1 —carcrt phate p6||ets,
or for i n g ; @qcul ar sieves, alumna, fossil flour,

di atomacg%ﬁ%ﬁ sié | ike. The main types of solid static desiccants
that are commercially to available are silica gel, bentonites, nolecul ar
sieves and alum na. The nmain applications are: Dehydration of industrial
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di fferences between its maxi mumactivity an I ccant

pover) ar exliafikagfssilost, Jistomibeont edfthl kil e i ntroduced into the
packaging. In this way, the purchaser of the product personally checks the

s desiccant actThéthath tipesreifersolild Rtdtidadeccants aghdt t AN, cdiftfelcially

i ndi.cat.or | abels are commonl.y used for indicating the noisture conditi-ons
presend® i rsiailzbiedrssilical gglabkanitgs, mioletulposisiesgnddturdina. penet rati on of
noi sture into these packagi ngs and reveal i ng the anbi ent conditions present
during transporThe nmain appliationsiaper of the .area of the indicator |abels is
i npregnated with a cobalt chloride solution. This zone changes col our from
bl ue to pimk -dopbydiatiproof industmaldiquids andsgases.i n t he nedi um in which the

| abel is placed; the colour change is reversible and thus allows the | abel
to be regeher atradedtion fafr miaderiakse chidcab praduatstamh pharmbeeutidzds,t notiabr i de
solution used for colouring the 15 indicator |abels determ nes the
sensitivity tdparke oadi slectionist wircuitsntagainstaratmaspberine mpoistutg | usingf
changing fromblye to red in the way conplying nost wth _the anbient

condi tions i n $#MERNL,Sacksts (RACKEHIiQTacapSHisS r Biasedednside wiha . protective
Amendnent XXV of .European Directive 67/548, the cobalt chloride 20 used
hitherto in thBaqlfaﬁ‘%é)'of desiccant materials inside silica or on |abels as
a noi sture,indicat or ¢1as .b;ﬁn rel ﬁbelle and, reclassified. . The
consequences oPTYF&Ok BEUIRAFERCAhEPRAREtYS and i EagFiopmess ngs as regards the

handl i ng and Ufte roduct s cont i nor salts.,

bl u_eI silica get, iﬁoklﬁﬁgrcﬁf%fs%gi ghg}ﬁl&npﬁa 2#1’%& %grl tbtl Fﬁgaﬁﬁﬁsi'é%%ﬁel "
ertan conbarerIT Bt B0 AR Bhfas HEk obfas GEfk S916 Hig AR AbfiqHm of

conpo dgt sugéapabl e of replacing cobalt chloride in its function as a
subst alite capabl e of changi ng col our accordi ng to atnospheric noi sture. -
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Advant ageous e rments o vention are tound in the dependent
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is used as active principle 1n conblhation hygr oscopi ¢

salt's 29 CopfaainuRgdbiiRcam Qéﬁ&tﬁ)'y&gpifnqtr(i%miwaoe%ﬁsgfﬁ%%{gI ouring solid

supports whi ch, besides optiona el ng desi ccants, e col our
T

accordi ng to the i sture R
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present {n the mediumw th which they are placed in contact. In partiﬁﬁaﬂr,
-With this active principle, the Applicant has devel oped a novel cd db
silica gcl whose noi sture-absorbing capacities are no different is to those
of the previous silica gel, which can be regenerated w thout problens, and
whi ch undergoes a col our change from brown-yel |l ow {when dr amari ne
(when we®O ‘%I’Q?“‘Hddi tion, with this actBve principle it hag&@&ﬁo@gg’si ble to
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salt whi must principally contai'n chloride™ ons onal l'y

hygr oscoRiaditléys presest Buhg ithshAMaibhOoN. used for inpregnating silica
gel, consists of " copper ch%ori de coupled with various chloride salts and
-hygrqgcopi ¢ slpostidh oftthened of W $hdicatcr 1aBeR ¥lixipteSnifed Withi \¢gPAkON can
optionally be inproved by addi ng col oured salts, thus capable of nodifying

the col orgMléfde Qolittién SThisCRowe chafgds e¥lond fromehRicofd pink MRpehiling &kl i ca
gel in a solution conposed of the active principle, and of i{s synergist, a

mat er i ghel MolitnRy pteddntvinn dhe Thedinge ifl oRhichothe labehd8 gslacéd;othey eblows- br own
when dry to aquannari ne when wet. The col our changes of the nateri al
obt ai ned oliahnge is ppvagitde iand thirs bllbtve thielibeleodie tdgenerated fop further .
eval uated by exposing the material to different values of relative humdity
in a climatic ThacbrcentPatidepEtias agbait chhwridosclationatseadhforodoloheingcthieve
principle and of the synergist in the mxture used for the inpregnation,
and as a indicatoolabels determumtsathe sensitbvitietothenvatheunindisture aodterie andt er i al
to which a colour is given, a material that is nore or |less sensitive to
noi st ur e thas the pﬁsséznﬁad of whaoginghfrom bies toasd tindhe ovay rcomplydrg mosh
brown-yel | ow to blue aquamarine at 25 different relative humditjes. Anong
the sel ecwith preoambuent conditionsniay grhich theumeistyre ipdicatomis sequised tof or
exanple, are the foll ow ng hygroscopic or deliquescent chlorides: magnesi um
chl ori de, WPFE-hi um chl ori de, sodium chloride, calcium - g JAN 2004 WO
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stil ! Sontah MG ERANGRE cdbAIOLHRICH 18 Fuletiol s suBeradlob Xagbld B,
reduces in Size and“wel git to generate the silica gel comonly sold. I'n
general , %hhh%ﬁxr%gz%loﬁﬁ hééorﬁfﬁ’éﬁi&&nﬁ'&sp‘iﬁ%c%fo%tuté i mersed in an aqueous
solution containfding the active principle and its synergist for the tine
required to absorb the active principle and its synergist in an anount

whi ch 25 ensures a finished product containing between 0.1% and 1.5% by

wei ght of the active principle and up to 3% of its synergist. The sol utions
used to obtain these end results may be hi ghly concentrated and all ow short




WO 01/ 09601 PCTI EPOO/ 07141 6 It is thus clear that, depending on the

. starting.silica gel, nore or |ess concentrated sol utions can be-usdaN 204
"nunber of exanples which can denonstrate nore clearly the use of the
active principle and its synergist will now be illustrated. s EXAMPLE 1

pr epar atj on olutions (E, F, G H 1, L, and O contaigj ans of
copper 3’1(1‘381/‘1798@ active principle, 0.3 litres of water angb\%‘?ﬂ%ﬁg ypes of
synergi st wereisnhadeatlen?wibl§i ANheGRR! §F tHeVthveRB oA ¥AIvE! ARG kRLE 2l one
atdifferent 1o concgntrat I ons ]%%oﬁr]%eons M and N) ar?g oneagd %’?‘lﬂzon §

t ai ni : st the, 2G|
contal ”'té‘%r@vﬂérrﬁﬁsng;‘é'f’hh%%ﬁ@{'i‘ﬂfos% ReaseheiH Stard i 104st é(;tglagﬁ 'th&se

principle(Solution granms of anorphous preclpitat i ca

cont ai Nichgre8fl _éé@gtﬁ{%,w@ﬁﬁ:hi m@gﬁgff&gg@g@ﬁgﬁ tion, for a period of 24

hours. The silica gel” thus obtaine rained. and dried in an oven at

120C is for FhideihSs a%x?%%c@?cﬁngﬁbethEQH%ﬁﬁgn,abfr’cﬁéeéﬁgggétb 'sg 105

grans of copper chloride, 3.0 grans potassiumnitTtate, wat er,

F) 155 @fah® agthckePiepeitiont laim¢. 7 grans of nagnesiumnitrate, 400 ml zo
of water, G 1.5 grams of copper chloride, 2.5 granms of |ithiumchloride,

400 M of . wal®fantddechseribodiméits GINRE inedttivn &h@ fohrd B B¥Fd&fend@hEi UM
chloride, 400 M of water, 25 1) 1.5 grans of copper chloride,” 3.5 grans of
sodi um @ldigdsl, de, 400 m of water, L) 1.5 grans of copper chloride, 4.5
grans of potassiumchloride, 400 m of water, _ g JAN 2004 WO 0l /09601
PG T/ EP00107E%éel?tieﬂ’ly,ladiogdialfgﬁtd)fheciﬁﬁ)@ﬁﬁoﬁ,hb@ppéirecl_ﬂaﬁdé(glﬁ’(tl Pis Waé&r

W t hout any synergist, I~ 'S grans of copper chloride, 400 n12 of water

wi t hout agnyctiyeprgnciple Gn lcomBihati®nofwitloppemivtiat®r ofichydrogtdit 8hlts -
magnesi um chl oride, 400 m of water, s P) 5. granms of copper chloride, 20
grams ofcomtainimg the chlboideden f@GhatpurposwadE coloiahigesslidsappsitsovhivh,

experinmental m xtures: g JAN 200 WO 01 /09601 Wa H PGII EP00107141 C
~~c ~a~Chesgides pptianallyabeing-dasivcants,~change-calaur accordihg-td the mwist@re~, it ~
Ayri~"' C~".C-DNw~ooof ~bO-CO. c~, ~=a~aaad, d~a~~p~~ o a~ a~ ~ ~ .Co ._..
a~.. t @resentin theommdiwmowithowhiah thex age placed im gontact.a~. ds~. : o~.
.cadQ..z,WdG1 Oi~w, oomO~i as~i ~i ~i ~; ~i ~C:

In parficular, with this active principle, the Applicant has developed a
novel coloured silica gel whose moisture-absorbing capacities are no different
15~ to those of the previous silica gel, which can be regenerated without problems,
and which undergoes a colour change from brown-yellow (when dry) to
aquamarine (when wet).
In addition, with this active principle it has been possible to identify
many different watcf-alcohol and aqueous mixtures which allow the
20  production of moisture-indicator cards and dry mixtures of desiccant salts and
materials so as to produce moisture-indicating desiccant pellets or .
manufactured products of any type having these characteristics.
The invention will now be described in greater detail, with the aid of
examples also, with reference to the fields of application mentioned above:
25  silica gels, moisture-indicating labels, desiccant pellets.
COLOURED SILICA GEL
The novel coloured silica gel was obtained by impregnating silica gel

with copper II chloride (indicated for simplicity as copper chloride or active
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produced biAdTERY ibie atecid KOR )JEbuibin Pl OMS: Shnédisufoting principl e

(A.P.) alone givé dry-coloration’shades rangin olTve green to dark
green tendingtB%Fgﬁgggﬂgggg_s By immersing the silica in solutions
containing, besides the active principle, various synergists containing
chloride ions, Golkfurad:silich gdlne£ UM ol chaRgiglaU BbIok OFhER it BAHIES | frdin
chl oride, sodium chloride and potiassi um chl ori de, and using a constant

amount of chrdipletelygdehydralted to partially hydtdtedsca 96%@@& B?'I%ﬁl&@né,?' | ow
with various shades thereof. to The inportance of having the chloride ions

i nt r oducedduryn ndistiiabpracess destigneti ot ke ?%&wﬁ@@ﬂﬁﬁxé)&ilfcaeg&j fHeca ~
depending on the noisture contained in the material, may thus be deduced.

Speci f i caldgbalt tislotide wathobtraixtest Wf bbp?aecmoﬁdeamﬁnbﬁaealsiy\ﬁ%rgirsﬁe St

col our when dry, while the silica with the sane anount of A’P. and 0. 06 nol

of chl ori dehichnmustigeidcipalyotetitadincBlride i&@%d%pﬁdﬁl%@h%hﬁés&@i@rat es a
silica wwth a yell ow brown shade when .. ~.y. The vari ous shades of yellow

can be attri but’Ee nuixtive pf #reitvention] ieedifbf tmphégrating siicaaédloBonsists ca
produced following i mersion in solutions containing the same 20 anount of

A P. and aofgoppa shlocidet adupled with wiridie chidride salts add tigptiosuspis salts
(magnesi um and potassiunm) but having a nitrate anion instead of a chloride

ani on 10Sol agtinghas §ynergisty., is apple green in col our when dry, (different
shade fromthe olive green~of the dry silica made with the A P. alone), the
di fference probbke ymieurey oft thei inxeatiiom tent dytiémaliyntbeoimprowddidyt hddidig i ca,
of copper nitrate:-25 whose bl ue coloration contributes towards changing the
col our of edleuepdysalts, s rapahlelafimodifying the ecolpratiap efthe silicaggbossi bl e by
the sanme pri ncig;)l e to change the coloration of the olive
ollowing immersion of the white silica gel in a solution composed of

the active principlé_ and of its synergist, a.material is generated which

15 undergoes colour changes from yellow-brown when dry to aquamarine when
wet.

The colour changes of the material obtained after impregnation with the
mixture of the invention can be evaluated by exposing the material to different
values of relative humidity in a climatic chamber.

20 Depending on the concentrations of the active principle and of the
synergist in the mixture used for the impregnation, and as a function of the
contact times between the mixture and the material to which a colour is given,

a material that is more or less sensitive to moisture can be obtained, which
thus undergoes the colour change from brown-yellow to blue aquamarine at

25  different relative humidities.

Among the selected products with a synergistic function which may be

used, for example, are the following hygroscopic or deliquescent chlorides:

magnesium chloride, lithium chloride, sodium chloride, calcium



green or,yellow silica by neans of synergists which provide in solution

. ani ons - g JAN 20D4 wo olio09601 1 ~ Pc~r~pooio~lai other than cigl oAN 804
ions and which form with the copper, salts having particul ar col orations.
The addition of the previous coloration to the colour of the salt formed by
means of wigwassoner gi st results in particul ar shades: Expesdcrepion7iver e
carried out on this point by attenpti r?g i npregnations s of silica by neans
of sol ut thiwsidegrpatassinm chigréde,sbagibat ehluride, tfeeriadetiloiide of ia getReslgi st
containing chloride ions, or starting with solutions containing sul phate

i ons, i ntretaluctddrides. any salt thereof, aad copper chloride. In these cases,
the formati on of copper sul phate gives rise to different shades for equal
doses of chl oAmieng dhs syumtrgiatsr sahe mundodtaimiag detdotidectbny extichisdan. to I n
general , any col oured coppersalt can be used, such as, for exanple:

Copper ( | h3venthelesk allowadidferent toloinsidesfofdhpesilitd getli mentiontm@ay B2 ack
coloration Copper(ll) nitrate- blue coloration Copper(ll) sulphate - blue
col orat i myada(iai thielpres¢nae ¢hoeppadoag)fonekample, lnd: t aken, for exanpl e using
the active principle to which is added a synergi st containing chloride

i ons, but al spofassiuagudithgte, ncalcitm giitrate; petassiiml lacetatentmagnesium
inorganic . salts or compounds of other nature so as to provide cations

hi ch f onitrate) potassiusa dichramate; sadivhl bramiidei ons. 20 The col orations of the
silicas obtained by neans of immersion in the solutions studied previously
are then vari Bdamwples pégmiengfintioducedin ithefoun of spntegisyict sadtspavhich) our ed
salt. E. g.: By introducing small amounts of the follow ng cations into the
st art i ngisthe pressnce mioceprersions: povwideasebatkground ¢alprastpmts dhe silidee
followi ng coloured 25 salts can bg obtained inside the silica, which
intef®er &ebvivflﬁcghb“ éBFgrQﬁtoﬁ sndifise thencelosatper viteparted Josr ithenagtive - g
JAN 2004 WO 0 /0?601 PGT1 EPOO/ 07141 11 Cation introduced into Salt fornmed
in the CBPBEPBAMHe It the silica presence of chloride ions formed in
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obtained by | MF CORDTIPIE 51 RafuistE 1B agpiRte SOL BFvaier LR 40 AEHES B8 wet o1
than one@@ouht 8 2BeBH SRRRIE (e s 5 <" added. To demonstrate . even more
or i nét bl o andtBF Ha86 st 15, i Prednaldfpe Bndidng il 18 H15RaSs BOREEME f or en
Fol | ow noroar P oRnefeChagvits HH-EIE, The' Shile B SIChER Job '
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20 after drying, reduces in size and weight to generate the silica gel commonly
sold.

- In general, silica gel still containing 90% water is immersed in an
aqueous solution containing the active principle and its synergist for the time
required to absorb the active principle and its synergist in an amount which

25  ensures a finished product containing between 0.1% and 1.5% by weight of
the active principle and up to 3% of its synergist. The solutions used to obtain
these end rééults may be highly concentrated and allow short immersion times,

or weakly concentrated with long immersion times.
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(containing 90% water) for 24 hours in the solutions described above, a

coloured silica gel is obtained which, when dried for 24 hours in an oven

at 120C,Xagggﬁga§s in size and weight to generate the silkgﬂpgahnqunnnly

used as cCant. 5 By doubling thg anount of synergis 'S possible
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chanber EBnQEﬁ&ﬁ&ﬂQ&ﬂﬁﬁ#ﬁ%E%Ebﬁ%ﬁ%ﬁities- In geneial, the anount of copper
i t

chloride active principle In e Silica to gel can be as nmuch as 2% but if

chl ori de “actl | Sl ca . b
Shoul d be abott LYY SEFERISCWEEET obh nRitictad Hore' SRaBTUE G5 S g
Of Syner gh ot O pISIRRIIR fs L0R IS hbboblitiiiagy copper salts ot her

t han copper chlo ure I'ca "was prepare arting with copper
sul phate. uS Eg%EEE%Sqution "S": 6 grans of copper sul phate + 6 gramns
of magnesi um rde, 150 m of water, 100 grans of dry white silica gel.
In this case, rAgspmade of common conmercially available dry silica 2o

gel with a water content of 'about 2% by imersing it in the solution S

d i bed ab ; iTngt @. t 1 i i d
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silica g@m@ﬁa@aea%cﬁﬁag@qe,c9.@%&4 em@étew%ﬂgﬁé%ﬁyﬁkﬁsfgﬁéﬁ%&' ne

accordi ng t.o the anount noi sture it has 25 absor Bility of

obt ai ni nayéfResRANEEA] DSsdlutidhaddnfsintid Eh@%eﬁbe'r%@g&gf‘g; g}cﬁfﬂeaﬁ- )c/ﬁf?arééﬂ? ution

wi th general salts containing chlorideions 1s [ act

that jphe giceNRatibid YSeduti®EiNE ahd N sHd Whe! B8RS BBEiAIng o 18kghfN 2004
WO 01109601 . PGI/ EPOO/ 07141 14 copper (11) ions together vmt%lchlorlde

i ons, pl usnowititwtbldfithe ayaetisict ¥edl of tisraétive gHinsiple(Selutidn Phe hygroscopic
or deliquescent general salts added, and the copper .nd chloride
couc~terions i500rgrneedf pretphoas predipitgtedesitica sont#ining D0% vateAkwerds can
al so b~ s3btained just by using hydrochloric acid as synergist, s as can be
seen fr ormhersed amekeh shlutior, dol avperiddaf/P4 Bouds.Sol ution |:  0.01 not of
coppe..r. sulphate + 0.02 nol of chloride ions (derived fromdiluted

hyci rocf ~I or i Thecdiliraggdchus oibtainedtwag drainéd andl driedvirt en aweh 401200Cgr ans
of dr. y u. bite silica gel Solution Il: 0.01 nol of coL~p.Pr sulphate, .

0. 01 150l fof 24dpuesi um chl ori de, 100 nl of water and 100 grams of dry white
silica -gel. The two rnisture.s pr~dur:e simlar results since they generate
simlar 15 coridergolativnsvere labelled alphabetically~. c; p~e ~#n solution. On
investigating ~_ |lueous solutions of the. active principle and of its

syner gi stBht  a? gsms A copper ahderideo3 § grment patassivme mitrptey 408 ml of
encountered as |l.ong as no copper hydroxi de precipitated out, which would
inhibit the pd¥&Pbility of there being colour changes. In addition, to
produce the sal ytions 20 used t.Q iJgpr L.~e the silica gel,, any, sol vent
capabl o P gi iMEERS SLEPRRET IRk d- Letams | PfmaEsS R ey 4Rl
adversely affe%tiq% the formati on of the coloured silica can be used.

D | ut inorgaﬁ?c Tds, aqueous sol utions, aqueous-al coholic solutions or

al cohol i ol ut kons._can-thus b sed. her ‘st at{.g .desiccan eri,als, for
exanle P s BARSE 58 er FalbRis, 45 Frims SlfhhE FER o U RI L pel s
The indicator.+ | s consist of a paper support soaked in or sprayed with

" aqueous- al cohol TCr aqueous solutions of the copper chloride active
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dried with a jghipf hot air or by heating in a normal oven at about 70C for
the tine requiregf s Solutions at various concentrations of the active

O dor Yo Ront 107 FREN0T CoPPen SISk, %, IRraler Shunf ARG RIFHPEE ch

the, paper shoghgd be sensitive. The active principle, investigated on nmany
different types of’ paper ~o support, can be used to inpregnate various
supports pych as fHamy afF cbpBet € g8t PPV efsfRR dH8rideN400 ml
gener al any fabriécﬁused icnﬁghe ﬁoé?d ’0 p%g agl S nes

gl ng desi ccants.

of water,



When t he. paper produced by imrersion in the solutions described is exposed
-to adry nmedium it is generally yellowin col our, whereas, when- uﬁJdeE@U
ina humd ~ medium it changes colour to col ourl ess or bl ue acquanari ne.
EXAMPLE 4 Various solutions of the active principle conbined with other
synergistic salts were prepared in order to check the various col orations
of the 20 indicator |abels. produced by neans of inpregnation, and to
reveal the differences encountered arhen solutions containing the active
principl e 3YOMYEM the active principlesin the presence of %‘%‘f&?@i’oﬂ‘ﬁ are

gsé?issﬁ)uwll ﬁ?fm?é %g g’g‘? l [Eé)&‘dfs%ég 2@‘?@ o‘?’oéélrtﬂ’g@?f anh%%gtlgﬁj 04
L BT B ey S s
0.8 ol 283—% T %r&c}%&%cﬁl fePre ATaRARe 4alraD oS °f i chioriges A0 Rl

COPPER CHLORI DEO-%V? t%%:) of LI TH UM CHLCORI DE (anhydrous) + 100 m -of
water s F) 1.5 PER CHLORIDE + 0.02 nol of CALCItTM CHLORI DE

SR L elmE 1o R By U Rt ATE Rl aRbeE) o

4 grans of ESI CTM CHLORIDE + 100 nll of 1 o water The differences in
effect with solutions containing nagne5|un1chlor|de as hygroscopic

synergi st were [ORIDE . ~ 8 grans . of
VAGNES! UM mLmq:@% §§13:Sﬂﬁsm§')ﬂ\1/é?e P@?ﬁ’@% COPPER CHLOR! DE + 10
grans of MAGNESI UM CHLCORI DE (hexahydrate) + 100 mL of water 1.5 g of COPPER
"CHLORIDE + 1 gram of MAGNESI UM CHLORI DE (hexahydrate) + 100 ml of water
After proceeding as described previously, the followng results were 20
obt ai ned: conparing the effects of solutions H | and J containing, in.
addition to the active principle, nmagnesiumchloride in various
proportions, it is observed that the papers imrersed in solutions H and I
.and then dried wth hot air acquire a bright yellow colour, while the
papers obtained by imrersion in 2s solution J have a |l ess bright yellow
colour. The different sensitivity to atnospheric noisture can al so be
ascertai ned. Wen the results obtained by i mrersing the paper in solutions
B, C Gand K are conpared, the follow ng differences may be observed: -
S JAN 2004 WO 01/ 09601 -PGI/ EPO0/ 07141 17 The paper inpregnated with
solution G based ~on copper chloride alone w thout the addition of

synergi sts, has a yell ow col our when dry which is |ess intense than the

col our of the papers inpregnated with m xtures of the active principle and
of its synergist containing chloride ions. 5 The paper obtained after
imrersion in solution B, containing nagnesiumnitrate; is blue acquamarine
when wet, changing to greenishyell ow when dry. In this case, the synergist
does not provide chloride ions but increases the presence of the nitrate
ions with a reinforcenent of the I'ight bl ue col our when wet by virtue of
the formation of copper nitrate, in a simlar o manner to that explained
with reference to the silica gel. The papers produced by i mrersion in
solution C give a very bright yellowin a dry nedium whereas by i mmersion
in solution K, ash-yell ow papers are obtained due to the contribution of

t he synergi st based on chloride ions nediated by the synergi st based 6on
nitrate ions. ~s After drying the papers inpregnated by the nethod

descri bed, they can be exposed to a hunmidity equal to 40% and 23C, thus
produci ng various col our changes which can be summari zed by the foll ow ng
table: 20 25 - g JAN 2004 WO 01/d9601 18 PGI/ EPOOI 07141 Col our of the
paper inChange after exposure forCol our obtained afterdry nediunml hour in a
climaticexposure in a climaticchanber at 40% RH, chanber for 1 hour

. 23CPaper i npregnated w t hConpl et e changeAquanari ne greensol ution

G YELLOWPaper i npregnated w t hConpl ete changePal e |ight bl uesol ution

B: YELLOW GREENPaper inpregnated w thPartial change ~Yel |l ow greensol ution

K: ASH- YELLOWPaper i npregnated wi thNo changeBri ght yell owsol ution C: BRI GHT
'YELLOW By varying the anobunt or by varying the proportions between the
active principle and the synergist, the col our changes can be controlled so
as to give the indicator greater noisture sensitivity. In order to obtain a
change in .the sanple 'obtained by imersion in s solution C and K, these
papers should be exposed to a relative humdity. greater than 40%
Solutions D and E containing |ithiumchloride produce paper with a typi cal
yel | ow col our when dry, but the difference in intensity due to the presence
of dlfferent concentratlons of synerglst for an equal anDunt of actlve



chl ori de hexahydrate in 100.m of water. to . The colours of the | abels

. obtained reflect the colour changes of those obtained wth the acBi VAN 2004
principle normally used. It is generally possible to generate

nmoi st ur e-i YIOOHPINAY | abel s by starting with m xtures contai nPAYEPEHT14han 1
grans per litre of the active principle and the 20 grans per litre of the
synergi st, up to the use of solutions corgaining 50 1s grans of active
principle and four times the anmount of synergi st containing chloride ions.

The sol utions reproduced-usi 1s=al-coholicor sol vent
m xtures, and tlhe exper mgnt wa QLut| an paperf n used to nake
the indicator Ifagels $@ d |by tH IE. PB The eXperi can be
r epr oduced, taki@g i ntf & adcount & enclis | ® mM)idtare sdansitivity and
col our shade cauBed by & he i ff O sd t #on £¥ tfe er,| while
remai ni ng cl ear|l .8 abl ¢g o {g&nor é§d$ﬁ§ereuﬁes ] | our shade.
MO STURE- | 1VDI GAS1 NG PELLE#S AN @%[EARF‘E{;LEE@@ & nunber of
speci fic procesis§ng opet atli ons |i iletd p deS cdatigl [nvgl ve the use
of pellets madel®f clag orl made gaoum Sul )hate,<wh ch dre used for
protecting partjicul ar jattijcl es mdi stdre|and |for | ndidating the
noi st ure present—TTraTgr vy e T IAN2 00— WO TOH-0866+

- PCT/ EPOO/ 07141 RO By udg nd §opy de ap® opti ongkl y| hygrloscopic salts
or general salts cBnt aighi nd® chlicg L if=is sqidl gl fogabtai n pellets
or other articl el &f o %xqr8l e Swh| £h, besi§§53Qgi g desiccants,
change col our degpegdi neg ondhe id t m 1&\,1'&'.,% iich they cone
into contact. s| EX8VPLEx6 l%i-ng @ @or% 2w P et oni tes of
fine particle sjze an “mditsi | e, 1 fRIIbts hlavi ng t he
conposi tion bel pw were obtlai ned: 15 kg of fipe ites} 1 kg of
nagnesiun1stearé€d$ 1|kg df cofgper ko chloride g of | magniesi um
chloride. Ater nétﬁvel W gwu.mg pga.L e\ugbg as| support in
repl acenment for| &hes b yig &3, =ns dBuE 8 £he active
principle and tha-gyﬁ?i:ﬁtﬂ ah i 2| @i gdg;%rgd shape eit her
by pressing or rfgusdgr Ss-‘s .9 g afned is brown
when ~s dry, bur«bﬁu& ﬁwé B xg tfy g us &Jﬁpat mat eri al s
can be used inst8a8 off D e Dot 21Br. I2.oMl ecul ar si eves,
fossil flour or|Hi @ onfc&|T® B3 HA¢Rs FiRi{wrB\s| descri bed
previ ously constgﬁEng of tlhe adg princi pl ¢, gr osgopi c| salts and
t he optional ch|or"de-contlai nin ts cjan 2¢ be 1 g JAN .2~~ . 21
CLAIM S 1. Misfure 1ndicator g singj a suppo [loureéd W [ h copper
chloride or one|®r norle saréﬁ C rel easi u T tons and O ions,
and one or 5 nofg® net gl chlgi gi $tic hygros.coni% splt. 2.
Moi sture indicaf @r acc%/gn\q, t i n&whi sai d isupmrelis a
desiccant nater|& . 3./QWHE sty agitoxdhg fpi-Clfngl or 2, in
whi ch said supppgt is E%Fmpﬁbum “an B0 4. M| sture
i ndi cator accordlieng td™C 3 & aYd s i’ss alpaper |abel, or
alternatively i$ natlur &7 bri oV e Nbi $tfr e|i ndi cat or
according to d 1 ,Jor 2 n i i g support 5i st 4 of bentonites of
fine particle si{Ze or |, calpium nmol gcul & i eves,| fossil flour,
di at omaceous. eafth or [alunm na. . 5T UT € Dr_agcording ~to one
of the' precedi p@ claijms, | n whjch Jthe $yner{gi st hygrgscopilc salts are
sel ected from bi&i des| ,di clronpg.es, it gfeq . and gultateg., 7. |Misture
i ndi cat or accordjﬁwg to Bne| Bf th& plé&edi ? gl&ai npg | 1§M1i &h the
synergistic hygi&scopilcEsa| Es al & selfbct ¢& f ridin nplnesieum|dhi oni de, 20
l'ithiumchlorid¢e sodi Lﬁf‘l chiori j,%” (‘chi 03 cidr i 4, p&as@”um chl ori de,
barium chl oride|F errifguchl@ri dpe potnssiiem Mk r afd, ¢4 cilwn niftrate,
pot assi um acet at@ magnesi bm ni frate, sodiumisul phate, soji um Qr om de,
pot assi um di chronmat e. i sture | ndi ¢ator |accarding to|one jof Clains 1 to 7,
in which said 2% dygroscopl{c salts are in anqunts not {gredter tihan 30 times
t he anount ofd cogper chl or Mi stiure i ndi gat o _accprding to C aim

of noi st ure- khdijgating| pel tets. |10. |Mi stlure | ndi catorl accprding to C aim
5, charact er Fzed—-a—thbat—itlis-in the forlm-ofl figlrinds or
artistic.manufactured products. 5 11. The use of solutions. containing Cu+~
and C ions obtained by dissolving salts containing chloride ions or copper
ions with the addition of hygroscopic synergistic salts or netal chlorides,
in order to colour. anorphous silica or silica gel for use as a

nmoi sture-indicating desiccant. 12.. The use of solutions containing Cu +
and. Cl ions obtained by 10 dissolving salts containing chloride ions or

S D T T T I BN T

de. 9. .
5, characterb¥ed3n theR i{™ s {¥ ArEnded™t| af'-Pns dBA Qooq 22 the form
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- <X<==g>>??L@w nmhc”YU] ] ] ca] ca] c

13. The use of the copper chloride active principle m xed W|th bent oni t es
. of fine particle, size or calciumsul phate, or nolecul ar sieves, o JA52i0}
flour, or 15 diatomaceous earth, with the addition of hygroscopl C
synergwad bpogsed ts or netal chloride, to produce npi st urepcudiroardilag
pellets. Amended clains . AF% AF. A?. ARG A. AFf, . A+. A A

. A9. Ay?. A". AResultst, e. Ane. A. AY[ YR Any?. AF. Aa. A y. Al 5e @D+r.
V02 _al<>y[{vql gb] X] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca
] ca] ca] ca] capiladasa/L ahddf ¢ paddiedd by inatdeesihg the+gitita géARn solittions of
H$zJ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] caJca
] ca] ca] ting setjvaptinaipla (AcR])calbasali va ldep doloruidrl shdaed{ ramlgfing \F o] slaveal c”a]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj] ca] ca] caJ ca] ca] ca] ca] caU
] ca] caUpeseincial déel7gr@ei( tending towards black.
~ytoj'e_ZI fa\Wc] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal c
a] caf Ca] cal cB Qﬂn@@& Ghe] mio@alﬂ csylhiians corftaiding, besides the active

PIPEEA"" ") #DE#$984 9 “1(3(=(| vql gb] W c a] ca] ca] ca] ca] cal ca] ca]
f:a]( f?]( )cgiggaip*qgl CRd eSS ad}ﬁﬁ:lrgx?s]t§ at eagithgalctadhal c ks gakhalagal nalipal cal ca

+Utb+++ghDride,, caléiud VeMoride,! -1Rayndsitinakénlobides akedidmal eididd cand
aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] C?ﬁtdssmm chloride, and using/ Modstdnt/ambhnt 6f ABK{elgV] GIKH, [ W] ] cal ca
] caU] cal caU] ca] cal] ca] caU] cajc
8])8 ;i(l)J] ggﬂéﬁog];ﬂa@a obtdined|cotblheedl gelldwalithWaeiheadades ehefend] cal calcal/ /111111
0>0B900LQWEJ%@GG%M¢H uDkbvird vigkthlodde imaideninaicpimesafant cal ca
] cay] ca] cay] ca] caU| ca] cal] ca] ca] ca] cal] cal] ca] cal] ca] caU] ca] caU] ca] cal] call
1111111 38¢Adrbist] 222 IR 22A3R3* iV etié asilMbh " Hépdddiapcalncahe moisture
a] caU] ca] ca] cal] ca] caU] ca] caU] ca] cal] ca] caU] ca] caU] cal calU] ca] ca] c&a] ca] c&a]
ca] c&a] canhtafmdd ajnc dh¢ cmate|sl, 3&&?4%455397d€cﬁ17&d899p661ﬁca.11y, the silica

cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca
] ca] ca] obiain¢d stitlatirea AcR] alineaisasl]waprseincial colban WHSHGHAY A#bAMBEBRGCEE( EAE7
ESEAECEJEEEEEEEEEEF} xsnhc] Xmhc”YU] ] ] caU] ca] caU] ca] ca] ca] ca] caU] ca] ca] cal] ca
] cal] capd it amp cahouitcaf AaPcahd4].06imalbf shiajdajernd adlied]inasolution
FFFF( F* F: F<FNFOFXFYF FcFj FnFz F{ FFFFFFFFFFFFFFF| wgl f a\ Whhc] XnheAYU] ] ¢
a] caj cabyaapenspf dthe ayherdibt gknedaténh cilitx atith W] yell owbbroyn allfade] whkhca] cau
] ca] caU] ca] cal] ca] cal] ca] cal] caFFGEE%4 G &G xG? CRAIGMG GCEEGHH
HH"H1Hy By.DI | ysmhc~YTrhe”] ca] ca] ca] ca] caU] caU] cal] ca] ca] caU] ca] c

©al caU] ca] caU] ca] caUca]c al ca]ca]c a]calca]c a]calca]ca]ca]ca]calca

11" J7IKKKKM AP shades of yellow can be attributed to the presence of the
OOOP[ PPPPPPPAQ Q wr mhc~Ynmhe”] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] c*a] ca] ca] ¢
a] cal] cdiffatgnd dypepof sptiahca] ca] ca] ca] cal] ca] ca] c”*a] ca] ca] ca] ca
Q* Rf RRSFSSS5TTTU U8U} UUUUUAVPVVVUVWANE XXXXr YYYZ| wr mhc] X] ca] ca] c”a] ca] ca] ca] ¢
a] ca] ca] ca] c des papdupet follprang dmmpruipn dpcseljtionsag entptringathmpanleca] cal
cal] ca] ca! ZO[ T[ [é\\\l\ \O\2\\N/ITM{]1]1]]1B"n"Y_y Gauaa
b( bRf f z aprauntWicAcR] angd @asyrgreigtceqmaining cqqec—f thg catioap wgedaprayiensiya) ca) ¢
a] ca] cal] ca] caU] ca] caU] ca] calca]calcalca]cal fffffgiKiiijW.ijjkQkekkkkkkkk&m
( M2mn} AFRREASHINE Anst PutassHimB) ]hta]lmma]a:m]lt;a}q:aamm]ms;tpgdwé eklorids ca] ca
' " ]ca]ca]ca]lcalcalca]c ]]Eca] cal ca] ca] ca] ca] caU] ca] ca] ca! noRooQo;

poppaqqqn;qm]( q]]g.gm and Fl is apple green in colour when dry, (different shade

tQtttuSuuub | gb caJcalca]calcalcalcalcal]calcalcal]calc”ralcal]calc
o] Caea e e PP CO L i e BepUBRUS Mt 60 tapt ALUBoI BRI SSSr vy
L \ val g{vgl. gb calcalcalcalcalcalcalca] calcal calcal.cal]calca
ool L] L BFobibh| belpdugtds 99&%} oacaleal cal ool gal cal cal cal cal ool ool o2l cal
Z10%| & 3910%1| & (

10949 |4* as 9seg@b1@°/lq0&0@th13 ropributes- towandmghenging thepcotogomf ghe) dry
"10%| & (1) 'L 1&t$ o%]|}|& ()- F10%1|& ()- S 10%| & ()- " 4"10%| & () -

W dE3$ S 1@3’/ OFn O LVELTRGH] P@RB" Ereqmog| & () - 109 & ()- Gl0%| & ()-3

109%4| & 1<ydEYOZ" 1,09%| & - 3.10%| & F@ 10%}| & L*109%

|(s$|10%E1] & () 1%99&%}8 ( )S[amﬁjennfndsvgtpgglzang@an() EO{l)Qf !Ihﬁl@%/&?& () -
| 5G' 10%4| & () - 33 owu&id() Y@ 10%1|.& ()-nop " 1098 (

&3109&' (§rEEn Iof O(V)(_m e b TRADS 9 gynqm:fts mh,] H’G’M &1p)soﬂut10n anions
AdEDC 109&' ()- " & "109%& ()- " F"10%&()- LS 109%& ()- L10%& ()- “f"10%& ()-R
dEbC ": $109& ()- s 109k ()-!109%& ()- "10%&' ()- "109%& ()-FFMB109%& ()- $u
HIEbC80310%& () - 3. L10%& ()- @L$109& ()- FL*3100& ()- y& "10%& ()-$

"109& ()- $zDEFdE:/ 10 10; GLO%& ()-9 "10%& ()- 7 "10%&' ()-5Mb10%&' () -
10%&A£) 2 10%& O)- FGTEuV?/ 1010%& () - 310%1:1& ()- @O%Q& (-9 10°/¢g& O)-
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109%9& ()- $ "109%g& ()-1"&$10%& ()- 'y &B109& ()- ! $109& ()- -10%g& ()-
- ?\dE7/ 10110%& ()- /s10%& ()- -3"10%& ()- , $10%& ()-* "10%& (Jan sk

3(Y10%g& ()- \AJYNC 10 10g .10g 10g&y; F' 10%& ()- 910%g& () -
7109%g& ()-5-10%g& ()- &3 "10%g& ()- VAEYNC 10 f#10% & ()- F ! 10% & ()-
GLO% & PO090% & ()- L1 10% & () - %1936 & () - CR?dEYNC 10 PGUBRESNTIN 3
10% & ()-F' 10% & ()-4GL0% & ()-33 10% & ()-33 "10% & ()-3_dEYNC 10
, &7109% &thpr thag1 obdogidy -ivnppands whigh form," woth &he) coppes, &4ljs having
3Y10% & ()-3GZYdEYNC 10  710% & ()- ,510% & ()-Y-G' 10% & ()-+ $10% & () -
F* 10% & Rartiguiar-calogagiqns. The addionoof tvepreviovscobmmion toothewadows of 10/
10/ 10/3_f;10% & ()-. Ys9 10% & ()- q !:!|!!l1dEbC 10 10%& ()-3910%& ()-
310%& (the saltitorngd by mpangopighe)sypergigieasults-in perticujarshagbe 10L,
109%<& ()- LFLQ%& ()- FL0%& ()- 9:’6%10%@'(); 8$10%<& ()- 9 "10%& ()-
Di#$984 90/ Eb EAPeTIte Nt ery pamied ovken (this poirgdxwattympting impregnations
| +L$10%E, () 7983" 1006&' () . " &SL0%E () - 0MR& « ' "' XMH@ 10! 96 10928 () -
10< Po< alpsilics fyvmgaps of sphutionsgontpimngwiappes sujphate 3g:th theaddjtion of
"9 1(=(1 (aBnb@ 10! & 109%& ()-. 9m 10%& ()- 3 10%& ()-3&SZ10%& ()- 'L
"109& ()2 ISYnegiat (Qontaining g oride 2iing 1000 strting Witk \sobeidony -containimg () - ! ;
F: $100& () -1, F: $10%& ()-9 3109%& ()- ~***+ +Utb+dEnb@ 10F, 1094 () - 9*.
109 ()SuIphateobaps, yogpducadoma @apy salt themeof) and" aopmer (ghlbride, (nxthes8nb @
109G’ 109%& () - _ o _
7109 (asvisthsofermatiopvafieoprer sulpbatpgives Tiseztor different ,sl;a,c;leg, qube-%@

1 0! 109 ' (),-01.10% 0& (),-! 10% Z& ()-9%.0% o0& ().- . 10 10 10s; () --. .
18 2 io‘]/ c%s%ggétﬁq)hlg@égéog; al(;ém'r (the chdiﬁons dcscg'x)bed previously. 0

10 In general, any coloured coppersalt can be used, such as, for example:
Copper(IT) brdmidg: - dark green coloration
Copper(II) dichromate - black coloration
Copper(Il) nitrate - blue coloration
Copper(Il) sulphate - blue coloration

15 A similar but inverted approach may be taken, for example using the
active principle to which is added a synergist containing chloride ions, but
also introducing into the silica very small amounts of inorganic .salts or
compounds of other nature so as to provide cations which form coloured salts
with the chloride ioms.

20 The colorations of the silicas obtained by means of immersion in the
solutions studied previously are then varied as a result of the contribution .
made by the new coloured salt. E.g.:

By introducing small amounts of the following cations into the starting
silica or into the solutions used for the impregnation, the following coloured

25  salts can be obtained inside the silica, which interfere with the coloration

obtained in the previous experiments:



10' o0 10'o0 10" ol 910% o0& ()- Y10% o0& ()- @10% o0& ()-3V.X. \.k.l.n.p.q.iJOC

- 10%& ()-u2 10%& ()-u2 10%& ()-u2 - 6 JAN 2004
10%r&’ () - u2y#10%m&' ()-y710%& ()-sy710%& ()-sg.s.v.y.{.}.~. .eKl1C

10%m&' ()-u2 10%& ()-u2 10%®& ()-u2 10%%®& ()-u2 10%& ()-u2

10%1& ()-u2 10%M& ()-u2....... ~dJ+1C 10%r& ()-u2u 10%r& () - u2 0w
10%v& ()-u2 10%m& ()-u2G B/y 10%r& ()-u2........ oU:C 10  10%r& ()-u
10%18&! 8&’09‘%!)%&' ()-u2 10%T& ()-u2qy,10%m: ()-u2 10%REYFRN7IA

10%1& () 109678 ()-u2 10%m& () - u2

U2 E . .10%m& ()-u20. ~10%m& ()-u2
10%n8’ ()(_33 ’BWP.E.“F?‘? .182? 15)?) 2 tfor /ml( 4 g (2 ) - Lﬁolq‘qu/ﬂ&thgl S%}?}& 0120
10%1& ()-u2 L09%T&:.()-u2 10%r& ()-u2 . 1Q%& ()-u2.. ..... eF %r& ()-u
10%1& 8 02 ]118‘9%1% 02 10%92‘3%%11‘192“ élg\qgée(x)ongzcgprmeﬂ In the presenc
10%m& ()-u20 10%T& ()-u2 10%m& ()-u2 10%r& ()-u2 10WTR (): u2

10%1& ()-u2 10%M& ()-u2...... A 1098 ( 10%me () -afxhloxtdadiens) - u2(
109%&' ()-u2( 10%Ei()-u2G Bly..._....eF; 10%®& ( 10%m& ()-u2
10%& ()-u2 1688 U2 dowen (Femreus ¢ &)-u2 109%& fieemp. . . . ... [A
! - ! - ' 0, ! -
OOz gy e B 1R s Brown
Chromium(IIT) Chromium(III) chloride Violet
Manganese(II) Manganese chloride . Pink

An cxatﬁple of this type can bc. obtained by impregnaﬁng 500 grams of
amorphous silica containing 90% water with one of the solutions described
previously to which an amount of less than one gram of ferric chloride is

5 - added.

| To demonstrate -even more clearly the fundaniental action of the
synefgist, mixtures of active principle and of conventional.synergists were
prepared in ratios different to those described previously.

When the silica is impregnated with the following solutions, which

10 contain twice as much synergist as previously, the following colorations are

obtained:
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10%r&'s() - u2G Byydoubling the amount of synmergist, it is possible to observe its
influence on coloration and sensitivity to colour change of the irﬁpregnated
silica gel after exposure for a few hours in a climatic chamber to different
relative humidities. |

In general, the amount of copper chloride active principlé in the silica

10 gel can be as much as 2%, but if it is desired to obtain moisture-sensi;cive
solutions, the amounts used should be about 0.2% by weight of active
principle and up to 2% by weight of synérgist.

To demonstrate the possibility of using copper salts other than copper
chloride, coloured silica was prepared starting with copper sulphate.

15 EXAMPLE 2

Solution “S™:

. 6 grams of copper sulphate + 6 grams of magnesium chloride, 150 ml of
water, 100 grams of dry white silica gel.

In this case, use was made of common commercially available dry silica

20 gel with a water content of about 2%, by immersing it in the solution S
described above for about one minute.

After the silica gel impregnated according to this method has been
dried, it can be seen that the coloured silica gel obtained changes colour from
brown-yellow to blue acquamarine according to the amount of moisture it has

25 al')s_orbed.-
. The. possibility of obtaining these results by starting with general
copper salts in solution with general salts containing chloride ions is made

possible by the fact that the active mixtures require in solution the presence of
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Solution I:

o 0.01 moll of copper sulphate + 0.02 mol of chloride ions (derived from
diluted hydrochloric acid) + potassium nitrate, 100 ml of water and
10 100 grams of dry wﬁite silica gel |
Solution II:
o 0.01 mol of copper sulphate, 0.01 mol of 'magnesium chloride, 100 ml
of water and 100 grams of dry white silica gel.
The two mixtures produce similar results since they generate similar
15 concentrations ¢f activ¢ rripcipie in solution.

On investigating 2queous solutions of the active principle and of its
synergist at various pH values, no differences in activity were encountered as
long as no copper hydroﬁde precipitated out, which would inhibit the
'possibility of there being colour changes. In addition, to produce the solutions

20 used to impregnate the silica gel, any solvent capable of giving the active
principle even slight solubility without adversely affecting fhe formation of
the coloured silica can be used. Dilute inorganic acids, aqueous solutions,
aqueous-alcoholic solutions or alcoholic solutions can thus be used.

Other static desiccant materials, for example alumina, can be

25 impregnated by the same method.

| INDICATOR L ABELS
The indicator labels consist of a paper suppoﬁ soaked in or sprayed

with aqueous-alcoholic or aqueous solutions of the copper chloride active
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5 olutiods at various concentrations of the active principle alone or
combined with the other synergistic salts were used in order to control the
colour change as a function of the moisture to which the paper should be
sensitive.
The active principle, investigated on many different types of paper
10 support, can be used to impregnate various suppbrts such as natural fabrics,
synthetic nonwoven fabrics, and in general any fabric used in the field of
packaging desiccants.
When the paper produced by immersion in the solutions described is
exposed to a dry medium, it is generally yellow in colour, whereas, when
15 placed in a humid medium, it changes colour to colourless or blue
.acquamarine.

EXAMPLE 4
Various solutions of the active principle combined with other
synergistic salts were prepared in order to check the various colorations of the
20 indicator iabcls- produced by ﬁ1eans of impregnation, and to reveal the
differences enéountercd when solutions containing the active principle alone
or the active principle in the presence of synergists are used.
A) 1.5 g of COPPER CHLORIDE (dihydrate) + 0.04 mol of anhydrous
POTASSIUM NITRATE + 100 ml of water
25 B) 1.5 g of COPPER CHLORIDE + 0.04 mol of MAGNESIUM NITRATE
(hexahydrate) + 100 ml of water ‘
C) 15 g of COPPER CHLORIDE + 0.02 mol of MAGNESIUM
CHLORIDE (hexahydrate) + 100 ml of water
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(dihydrate) + 100 ml of water
G) 1.5 g of COPPER CHLORIDE + 100 ml of water
.} 1.5 g of COPPER CHLORIDE + 10 grams of POTASSIUM NITRATE
(anhydrous) + 4 grams of MAGNESIUM CHLORIDE + 100 ml of
10 water '
The differences in effect with solutions containing magnesium chloride
as hygroscopic synergist were also studied.
H) 15 g of COPPER CHLORIDE. + 8 grams. of MAGNESIUM
CHLORIDE + 100 ml of water
15 I) 1.5 g of COPPER CHLORIDE + 10 grams of MAGNESIUM
CHLORIDE (hexahydrate) + 100 ml of water
J) 1.5 g of COPPER CHLORIDE + 1 gram of MAGNESIUM CHLORIDE -
(hexahydrate) + 100 ml of water
After proceeding as described previously, the following results were
20  obtained:
. comparing the effects of solutions H, I and J containing, in addition to the
active principle, magnesium chloride in various proportions, it is observed
that the papers immersed in solutions H and I and then dried with hot air
acquire a bright yellow colour, while the papers obtained by immersion in
25 solution J have a less bright yellow colour. The different sensitivity to
atniospheri.c moisture can also be ascertained.

When the results obtained by immersing the paper in solutions B, C, G

and K are compared, the following differences may be observed:
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5 The paper obtained after immersion in solution B, containing
magnesium nitrate, is blue acquamarine when wet, changing to greenish-
yellow when dry. In this case, the synergist does not provide chloride ions but
increases the presence of the nitrate ions with a reinforcement of the light blue
colour when wet by virtue of the formation of copper nitrate, in a similar
10 manner to that explained with reference to the silica gel.

The papers produced by immersion in solution C give a very bright
yellow in a dry medium, whereas by immersion in solution K, ash-yellow
papers are obtained due to the contribution of the synei‘gist based on chloride
ions mediated by the synergist based on nitrate ions.

15 After drying the papers impregnated by the method described, they can
be exposed to a humidity equal to 40% and 23°C, thus producing various

colour changes which can bé summarized by the following table:

20

25
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Paper impregnated with
solution B:

YELLOW-GREEN

Complete change

| Pale light blue

Paper impregnated with
solution K:

ASH-YELLOW

Partial change

Yellow-green

Paper impregnated with
solution C:

BRIGHT YELLOW

No change

Bright yellow

By varying the amount or by varying the proportions between the active

principle and the synergist, the colour changes can be controlled so as to give

the indicator greater moisture sensitivity.

In order to obtain a change in the sample obtained by immersion in

solution C and K, these papers should be exposed to a relative humidity.

greater than 40%.

Solutions D and E containing lithium chloride produce paper with a typical

yellow colour when dry, but the difference in intensity due to the presence of

different concentrations of synergist for an equal amount of active principle

may be observed.

Similar comments may be made by comparing the papers obtained by

impregnation in other solutions.
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A mixture of copper sulphate pentahydrate and magnesium chloride was

used.

3 grams of copper sulphate pentahydrate + 5 grams of magnesium
chloride hexahydrate in 100 ml of water. '

10 . The colours of the labels obtained reflect the colour changes of those

obtained with the active principle normally used.

It is generally possible to generate moisture-indicating labels by starting
with mixtures pontaininé less than 1 grams per litre of the active principle and
the 20 grams per litre of the synergist, up to the use of solutions containing 50

15 grams of active principle and four times the amount of synergist containing

chloride ions.

The solutions were produced using aqueous-alcoholic of aqueous
solvent mixtures, and the experimént was carried out on pé.per normally used ‘
to make the indicator labels sold by the Applicant.

20 The experiments can be reproduced, taking into account the differences
in moisture sensitivity and colour shade caused by the different composition
of the paper, while remaining clearly able to demonstrate the differencgs in
colour shade.

MOISTURE-INDICATING PELLETS AND MANUFACTURED ARTICLES

25 A number of specific processing operations in the field of desiccants
i.nvolve the use of pellets made of clay or made with calcium sulphate, which

are used for protecting particular articles ‘against moisture and for indicating

the moisture present in a given medium.
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magnesium stearate, indicator pellets having the composition below were

obtained:

15 kg of fine bentonites, 1 kg of magnesium stearate, 1 kg of copper
10 chloride, 0.5 kg of magnesium chloride.

Alternatively, humid calcium sulphate can be used as' support in
replacement for the bentonites, and subsequently mixed with the active
principle and the synergist. The material is given the desired shape either by
pressing or moulding, and is then dried. The product obtained is brown when

15  dry, but blue when exposed to moisture. |

Various support materials can be used instead of bentonites, such as, for
example, molecular sieves, fossil flour or diatomaceous earth.

In each case, the mixtures déscribed previously consisting of the active

principle, the hygroscopic salts and the opt_ioﬁal chloride-containing salts can

20 be used.
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