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1 Hal ogen and heavy netal -free hum dity indicating
conposition and humdity indicator card containing the
same 5 Technical field The present invention rel ates
to a humdity indicating conposition containing no
heavy netal s or hal ogen conpounds, 10 to hum dity
i ndi cator card conprisingqsaid humdity indicating
conposition and to a process for preparing said
hum dity indicator card. Background 15 When shi ppi ng
ring .mn f terials, .particul arl o
H21e3hR A HBN HRRET . Srad DRSS, sRBCafing coposition
agdshrmabiety dngichtaieeatd taRdwdndogpshensandave been
exposed to a particular level of humdity of the
surroundi ng at nosphere, 20 which hum dity coul d cause
damage to those conponents. For instance, electronic
TeohpoprhtBiegddh be damaged by exposure to an at nosphere
having a hum dity exceeding a specific threshold
evel , even when.the threshaold |evel .is | ow and the
Té?% pBETTFE T STy HPbr r%ﬁ%"r‘%s 8‘& iPod "B Ot et hde o 7e
cagdeessi artheandednfios nhehehmye ctEten sopr humi eidry dospelsds,
Wi L g shy %dﬂ&a@&rséﬁ@%n%lts@hﬁe%§id hym 4% indicating
indi cators have been devel gped. There are ﬁiggfati¥
CPRBCT Y g’ GFn it 8i PYCTHHT cattoPd SPBRend1 % mieaty
ihdmiaidey daydi.cat ors reversi bly 30 changes col or upon
exposure to particular humdity |evels. Such
reversible humdity indicators typically utilize
BRoBaF T ¥hl ori de as the hunidity indicator materi al
i mpregnated on blotting paper. Mlitary specification
with b éﬁﬁ%ﬁ% des QEBP?ﬁg trm‘ﬁl}ﬁ %ty%'elsso@f m&OOSILUCT 'pocxl}tqfcul arly
?uch i ndi cat.ors and Eerfornance 35 requi renents. The
Sl RO TG STCh SRS CCOf Tt RN STERPERER: t o prie P RPA&d O
khew elise tOfe rhitiiodet yoapoheretalhavieobbts expgdathltccal or
.di : I J I
PHEPILDE delerort ARKEL T 28 P e iR PR,
whhelt dHtE Aty EGPFENEAtEhANTES 6P ADERR| TTHANSRREG/ oF OF
itbeacas r ellechughdet yohgredntw thihnbeh@a8iddAds exposure to
aﬁoggr%&ﬁlre're.sgggg %eg ?ﬂgnfdw%g %&cggm%téf ép%@'%tcthE‘éshold
an i rreversi bl e hom ity i.ndicator. eseHi ndi cat or's
layel desisgnaliepot Bet Brfe R PredEVEE ni RetPY sl tye exposure
ifush O thsrantopt opédiod of Sake .i ndi cati on of whet her
conmponents stored in the containers have been exposed
to that predetermned |evel of humdity. The 10
Te radingss phe Raafdiey shrdidgsestieancf Hapeidstry peyeide
wathindGaiiog vheg dhardwindalifer €ACHES: diS indicators

redeterm ned | eyel. .even for short.periods of tinge and.. .
D e L& i SR B cr By e oF nithfaicy
ipteehdicsEni Reg PEvellesthdnmibdg tyohpdhemtsrameveedkéd at
cBatdLicdibfeupbal @8pcd1anges bArd dchitul dHumi dievehsvels.
SQELdIES s pe U uher &, starage contalnels ateysed Lo ;.

el ati vely “war M et et €5 “and -when- e dois tirte *FEvVEP
chikprigie gier theshembdik f dlndd cdramanitetial deperdiragedpon
pide trRpepatur @i of t4:Re sPcieund Dan aidL.- U@t BESBribes
tcoqflthgns,fa rgver5|ble h#n1d|éy.|€d|cator nhght gal

8% 95F@icAt 85t RRPIOFYEMSSY &Fy SHPRSEACE BT GROhERT BPTgARCe
reduiviemeatst or dge tohiEtter: ehkengt houlgir sel kixghsed to
pruHE iy nBBY 186 84T 4 dliBNkiit ) GANSEUAIRES L0t BEiginal

|

onmponent s. present. i n .the. storage container. ,
TR ToVerSi BPE RUM 1 TG ATBPS caF B 48 Lo BEEAp beEM e
patents US 6,877,457 and US 6, 698, 378, for exanple. 25
The advent of surface nmount devices (SMDs) introduced

a new class of quality and reliability concerns
regar di ng package danmage "cracks and del am nation”
fromthe solder reflow process and the effect of
noi sture within these areas.
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30 Moisture from atnospheric humdity enters perneable
packaging materials by diffusion. Assenbly processes
used to sol der SMD packages to printed circuit boards
(PCBs) expose the entire package body to tenperatures

hi gher than 200C. During solder reflow, the

conbi nation of rapid noisture expansion, materials 35

m smat ch, and material interface degradati on can
1éféuutRawereaekageumxdmﬂg ngdandteorsdelanmswmt iten iaBicate the
Sl calodntert ages, Wi Lhe Raokade,. The RIeSEGea; by

DI StUré Wthin these 3 cracks and delam nations

ﬁﬁ?—Hﬁﬁ@*@eﬁé?e?r%ﬁ§ﬁeﬁF@cF§“€H ‘the SMDs. To address
this concern, the El ectronics Industries

I oi.nt _El [ ge I
@%é%%%?gh% bgeSEI§%%é9a3§§¥ﬁg%a% ustr &g gg%gngle
hignydEcted 16 ceRer I—ﬁiﬁﬁ ﬁ@dlsapi&eﬁagrﬂgdesalrﬁmgseOofie»ect a
béaéﬂeﬂmm&eefheweSeasuHumua;Syrb@@ephhunﬁeEZﬂMnga_
dp?(gaq: oJg) o‘]f ‘%’Eel:e);lqég?Bco t%%%[tszg(pg*eghll’? q’loc L,a;;_r ers have
escribes the standardirz "evel T oor
bescposipcs o onbhat Lﬁ@qeéﬁllél\ﬂﬂ’l@éiné?t’ﬁveG%N’Dmb&ék-a’geghe
¢__ﬁfé}&gcsm'bilfé theibhangdl imy.capackicag 8ndrshbPPigI@vide an
r I r.enen € ssal. Val
URE Prosts oo At the prasesemiarg 1gve!
eWmImq whiogdi earordearid tigiederidnedensit [H]e dari@ 1ot
hMﬂicpﬂ_}a de:{D;ét HE€os entsd ip\t];%dQl‘&%&inQQLdi ,Se@emg:ujh%dlhﬁﬂ%h _
that it w slgni fji_cant grceptible change.ln
CUHBIES( RES) nﬁ?y’é?%aﬁw y fF SELERIC (dryi- %% Cha“l%egwé?)
hyilerhl tvh e sivedisc apeelt e satdofe thiwlied et §tosaex ceedednerThers
uSd@andandibunthey hdi caties tRatnthenBainih ts ; |sﬂd|r@au.@{}el

rd is nornmall acked insi de ure arrier
AR T et nes W P S e R S B
tefepaaturieng it hbel evefowfding stigre Poden W%ﬂ&ﬁ1Cpng tions, a

v@@élsshtme- %eﬁ%&tyeu@@l\e&e& h@\getbeemsfy@nem e@ eAnaex
t he standard descr.i o o%%ect

of
t%‘%%%sasryt Ré °C6F6F Chaltr: élﬁ&%sﬁécf’% Bs" rﬁtrﬁjr%gﬁ gontainer
cvdrarngesigrosurbnh dgt yrumidiicat ow ycgrdsui bl orader tockese
dawé@h!oe Rl SMRL-AEN: PRGIE G+ Ihetﬁteaglg@fad;er QQMi-Eesea .
h it |nd|cator car 25 i ndi_cating_ h | evel s
SR RGP AF Yy RGP (6T SHCRR, 21008 T HhvF 609, Baerts
U & 18 iah 4adcaracysof, 98, 2%, Ricr| sxehpipast, many
hum dity indicator cards for use in the electronic
|ndust ve used cobalt dICh|0rI e_inpregnated an 30
The oatcl"eﬁﬁ ﬁépérﬂfgéc? HEOHUm G Ty &° ndg@gfi ng" C&ficd. nev
cThese? igudilcatorsd changd itlieiyr cookernf romaldiea( degkage

alRa g n*& 8L) 28kt 851 £XRRSUR 1t @ LC8M LAL Nsd gus! %e‘?flow
hum di t Cobal t di brom de has al so. been used

PF%ﬁ%&?@ntv“ﬁoeéoﬁ%ﬁ to*duntc}ﬂs&ﬁr&ew*%h%ve?es%G’meé‘rt y
Mo hehi ot dir coakrdsobalsed omhuwdbidltty 8btdiehtomeadd landackaging
m&PQPlatlsd' ?{' %‘Pﬁdﬁs EoN! %lé%e%&ﬁ%)q%%é@k@a anauny _%oOfsoﬁ@@}!ysm

nmet al ani ons mdity indicator
P%%ﬁ%¥§y§ﬁeﬁ§lﬁa€€ %e@H”§u§§E§?Ed (ba8&Y %ﬁxﬁﬁbﬁg‘ entire
pabitard db@darndosyamp@r&tumeseaﬂugsm(re than EROQ 200uBi8gAErider
réﬂrls&ﬂ pukPJ ' %'aﬁaglﬁé_m 0&4 Q%@% Rl st bl é%éﬁé' %tn' ORfterials

descr’i b contal n _copper chlorid
m%ﬁﬂﬁﬁna’t&“§0mﬁ ﬁééafer%ﬁﬂﬁiﬁr GrIEBPPer Tt tﬂﬁﬂwrﬁédﬁh in
pamnﬁﬂgmshr&_salegd/ewuhdﬂum1mathbhlbfacnnnsudenabbe aces
w SNt ol pcopaunds,contal g bal agen. Ad NRaYY, «pese
metals inth um dity i'ndi cator card. 10 in EP 1 293"
773 A2, another hum dity indicator card systenmhas
been suggested on the basis of certain pH indicator
dyes, selected fromthe group of mcresol purple,
thynmol bl ue, tropaeolin 00 and p-xyl enol blue, and an
excess of a zinc salt (e.g. zinc.chloride) of at |east
1:5, preferably 1:20 and nost 15 preferably 1:30.
Hum dity indicator cards based on this disclosure
contaln Iarge armount s of anlons as wel | as heavy

. s . S Y . o I 7 a T
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viciett, brilliant green, nethyl violet, nethyl orange
and organic acid, such as acetic acid or citric acid,

is suggested in US 2007/0157702 Al. It was found that

this system shows no sharp calor transition froma

first color to a different 35 second col or when a
specified humdity level is achieved. Furthernore, it

was found that the system can not be adjusted to
cehafgearadlder sat rdt { fes enty bxlaanﬂ'edidfe)zekey%ﬁs eDfddtslRBn “he
SI%O_Q? 119c§8a%§1rA’ss tHPg Sftour{ceerlrndlt%at %J_eg Sgnlgn ’a dblslta
constltutlon "ayered” sequeﬁtlall h9% il ﬁSF
pahjda%f:@/\/ai"-éﬁl-ts@Ilal?al:éo%diPQVJ(Fﬁnt@mgﬁFlﬁgrhaye\EOmSCll (JED~C} has
dm&l@ﬁﬁwead uo/*\SztpFhﬁ@ﬁ&&atﬁra&dér@nﬁﬁ&ﬁéehdg*@e!fhe ﬁﬁtdmﬁll ng,

h I r Qoes eso ne
AhEe R a0 o clur=h Bl Tatany REBRthbr® phviiacs: Hoon:
D%‘ﬂ%%‘i’ym ‘“C/rv@tf)a& es%T“xﬁﬁ%ﬁ @ct@tbﬁyl lpﬁéz 4Th1s document
ddéoi iapherylskacet ad £zed hyrll bloye £1 par aki %Ié@d&.@%a@or

| ue, ht hal ei n i zarin yello
mgh%% EQEUF‘OQ SQBSl%éﬁ%Fﬁ&fﬁgcagﬁagngﬁﬁ%Hﬁh “Hﬁue
n%‘?‘él%cmaﬁé(dWF@iﬂ@ heltl i noh & egpt Femaht aduk ¢4 o of to avoid
@l ¥€efd e ot -WBk 5t &4 | ZAIN dresentioned. An

irreversible humdity indicator card system was

suggested 15 based on a deliquescent salt conbi ned
I Eihl 2 stereierdel abbernidlie vanddépeiconakbyd wes tdafgned as “a]
@GNS wHpenetr abi H9u A9eNrS: tQR SBhEAULAY @geﬁ;pi i€Csuch

in uUs 4,354. These a s facilit

-a %o%btléé' ? viaf ef - A - %FPEUSPSﬁ P ?ﬂg dgkﬂmﬁhﬁgrco or
{Mre! ractdﬁttllc@rilaf fdgesofur {@ryenhanpénentwef) tihercaher
L@@l@&f@é’&gee@fatavgum'did% rlcel,' %@E@Edéé knowl. and ndarq

%ﬁrlbed in the JP 6 gl .. Sur r|S|neg, it has
ERETIT ud ORGP EHEE ot g SO Vo EAFHETHl GrE Changermally
repkehdingg dagentsi s oxtdrédmpeeghati nglewny utiton a de2bccant

af@ken A IMbE, dickyat Adi Al SPOL 18! LAWS) & dordulAtion, o +q
on or. d%ss thhout u3|nﬁgheav nmetals to

base ni c
o TS CHER T D Ao CEGF OF S RANG P ST A ot ed.
Agreuracyf khewatbydhedviestetaks eon&atnt@gﬂrand3ve3@ assess
ek 3o cﬁc%ﬂ%}ée,tbﬁo%&%@%%%lﬂﬂﬂ ﬁugccl{aqwe% IO

h|ndustr|es ave adopted specifications and stand ar
¥4 te 1PEAERFREI O BF HnFdAeS 6f Rerta ek fent §D’D dry
parigsant ﬁhﬁ shendapd oduptisesFar hexaapte, indieseor card

lrﬁcﬁd%t lesuhest £ C{exﬁé‘% %rfougﬁé*"ﬂr hal.pgen "R@ 0F 54 RH,
youn Fﬁ ntalnlng Br “and/ or Q%, hosphor ous

1%% G EePPai RY nERwy Eﬁb€§F§*PrVe§petf| H.t he
chem cal nature of their presence. These restrictions
12l dhcsebaonguetar, 8,and-ebect 1o 4 oduct s g
| as t 0 conmponents ghd ?
e%%f@&ﬁ*ﬁg HBHT‘*d’r?t’yna}‘hdlhéﬁfjoFoEa BisS lq*msr %éﬁ”@fﬁénated on
breed ngf phuardit yrindiwdtdar ycandsceont@i NidiGaacd. These
ireduaed aupunLe of n2idl QaeRs andalgee. ofahpavy, %Ekg' Pwet)

However, accufacy, readability and i1
& I8y ERPPSHAF ﬁ‘arﬁ%ﬁ FETae ﬁ&i"@éﬁo?‘cc’éfrﬁllsddstrfoul &Oﬁéﬁt by
didetceriider &t eda byo theeromisesi anref: ﬁéﬁh@hﬂﬁﬂdﬂd%band

dlfeail%gg@econh@wm&g %@m%@g éaLQﬁAE 0%@%& Ol copalt
he present i nvention to pfovi Icating
f&ﬂﬁasrﬂﬁ B8R coPtat nidig RE-Aal 6@%&% Taﬁé°n®”0J“»S

cfhéaay ynetak 5s andi haMiing theosame or i nproved accuracy,
readability and reliability as conventional humdity
i ndi cator conpositions. It is a second object of the
present invention to provide a humdity indicator card
contai ning only | ow anounts of hal ogen conpounds and
heavy netal s and having the same or inproved accuracy,
readability and reliability as conventional humdity
20 indicator cards. It is a third object of the
present invention to provide a process for preparing
said humdity indicator card. 25 Description of the
I nvention
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Surprisingly, it was found that the above objects can
be achieved by a humdity indicating conposition
conprising 30(a) an organic pH i ndi cat or dye conpound,
(b) a Bronsted acid or base, c) a colyol having the
general fornula HOCH (OH2) n- &}[}I wherein n can be O,
1, 2, 3 or 4, and (d) a solvent; 35wherein said
conmponents (a), (b), (c) and (d) do not contain

ohaépqﬁnnlaﬂ%oaqheaayomééas sysln%augav@ebé&ers@@és%d

sal onént s c)..nor the co 03|t|on
b3804 Gharereantar At dh MR S Gup T oF
Fbet|2ﬂﬁ(ﬁ1§y§0enﬁ@ﬁoeﬁe@&ﬁﬁhﬁdMﬂScWOc@nﬁﬁ9@@% ) (] AlBr,
vaﬁ%@%Jﬁcws5dEHEEhEéHDf@ Wd“ﬂﬂﬂﬂyﬁoanﬁloﬁc§@é£h conper

ents c) nor the conposition
GO 5 Gt s taL ol COPT GRS G Re Ay CHEPE R g 7
sgoba¢ictxn3ppéms,zand tdﬁblaxﬁJheuf@Ibgmﬁngerﬂw&ﬁ amount of
cSamponents,eh i hhaghum didy dRdieating.conposi tin ehia:ty
the present invention wll be expl ained in nore
‘Bﬁt%ﬁ?orfﬁ%g) Organi ¢ pH indicator dye conpound The
organi ¢ pH indi cator dye conpound is an organic

1qoapound Absar Rbng,hihght » fremdihe SRECLEUR VESIDIS t@m nas
a human's eye such that t he. conpound gp srs col ored.

b‘?ﬁ@ %%Qﬁ%%ﬂ 58 Mse%ﬁxﬁ FroFSand8 Bff wRAVEFEryt 1y 55
sthecvéditlom spectrunpabsortieckdyy theptenpolyrde L Hdnges
tkgoggﬁﬁﬁﬂ(yb %gda CQ?TQ@Oieryé S%%@ Bheeﬁpégé of a zinc salt

I npressi on caused by the conpound chan
(& ofipotiiF |‘“§‘"Pﬁ&§eéuPFaBTe1€t Yilswal Py ﬁﬂ?%@fe w0 and most
pehaageslin pHC . THemspecy f imiiph treange radt bhseh drmetcal or
a&géﬁéme%ogﬁ%% 23r egagﬁo&@%e%dsag ohbe, golecul ar heavy

Structure o he conmpound. Commonly known organi c pH
mﬁﬁér%aﬁﬁ%tﬂyéh@oﬁﬁoﬁﬁasogu%ﬁqqtqﬁﬁ§s cyani di ne, xyl eno
bl ue, Neutral red, Thynol bl ue, Phenol phthal ein,

ﬁ% Eigiﬁhr u%gh'@§ Qhﬁgmaggu”ﬂgr%h%g%k@hnw§§cgu&g£§ge% based

ich' 1s suit el ng ¢ as conponent

an”?h%DQﬁﬁ9196ﬁ§3|ﬁél@ét?@ﬂf%ﬂﬁﬁﬁiﬂ “t F¥RSact® ﬂ1rﬁfﬁ%§Cln“
atiher preseniciidaventi eases) #d rHyphesybpethanlts. Hygroscopic
s%u9§t{u %-e%lBﬁeﬁﬁﬂg LQEX¥L§Q%RFQEUShl§g J@nglﬂeeded

eno 5N Al zar| Tu
tvhyﬁm:wﬁmaqheﬁn invgnAlpRendrs SRLPOUEPUF eh+%h PSRt of
anfoNeuirt alhdg edmiNettr ahdi et dis cawrair ei\lel}tedl organi< pH

r. dye cqQ A e
Qengo?k?%afoa{]r?s?ét‘ilnoﬁqugﬁngbﬁ%gﬁ “’rlgé‘ i ggﬁgl %J]lrgé %nd
mgehesl Wk oL é@sér%dllwﬂ%aomreﬁppeﬁaw%n%ﬁw olor
firBEl €8t Oft Galkds: qaRrRtAl BbNguobhaliowehlvBehdeeifd)moisturized.
Bronsted acid or base 10 A Bronsted acid is a conpound
that can donate a proton, and a Bronsted base is a

Bcbrpbdneay tivatl cede rr éééfiv@a%\ecpr%t gRrmulations of a

combination of pH indicators, such as neutral red, crystal
viciett, brilliant green, methyl wviolet, methyl crange and
organic acid, such as acetic acid or citric acid, is suggested
in US 2007/0157702 AY. It was found that this system shows no
sharp color transition from a first color to a different
second color when a specified humidity level is achieved.
Furthermore, it was found that the system can not pe adiusted

<o change c¢olor at different humidity levels.
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The Bronsted acid or base conponent of the humdity

i ndi cating conposition according to the present
invention thus is capable 15 of donating a proton to
or of receiving a proton froq%the organi ¢ pH indi cator
dye conpound (a) present in the conposition in a
dynam c equilibrium Under the influence of the
relative humdity of the surroundi ng at nosphere, the
equilibriun1is shifted nore to the side of the

-prato rgani_c H lndlcat r_dye und (

ROPE L5 L Gide Tt 21 B SHpYbUgICad Br GanFe g & Dii3ver
c@ndtééﬁbmmdyéinenﬁ@uﬁeceeytmmhbmvmesubtsﬁlmﬂalehangend a
wefreeogerwf ts@a_tom%ralaepplk!; ngicatiar ;dxeoeen@@uwﬁs (@)

2 ener at ed the Bronsted c or base is

S OBRRb B ATE Ao RE o i Brionst S HEPR G bass:
cardobyests Wimsesi aPm@matoneqeunneﬁtﬁerehore“ebq rec, alpha

r\é%'h}fhﬁg gmqqaq@%nt cgfrcaﬁ%stredta?&e@,oor D*aaeeareé@mees 2,4

speg éggen C pH’ i ndi cator d
ORIy 2 aie eneerrPeL (ol B e 30 RN 01 15 7 PLoe.
phanchpt tiea Ioolror atlkadsi bloen, oflidre ior gadilowpHrheadicatomle,

sA¥e-eoppaUnd {8) lakes Rbacs (can e dnthuengedsy reher on
Alternatlvel ar addltlonall ., the pH generated can be

Yt PRentstt Gl Phgdhy S ?f%%:aBF8n§téﬂlé%¥cP§n
mgaséo3&l having a di fferent dissociation constant.

Thus, the relative humdity at which the col or

transition of specific organic 9 pH indicator dye
A&oﬁpﬁ%ﬁ%F?%ﬁl§ §Gﬁlécén%b. T 4756 PHPFGRNERY %RBQESted
baaeyi g 4 heispeeistieotBeoahstaotacied orithasewater-Alkalle dye
Bt 8be C&(mqa%%%u%kaggnnetgé Ane%%g eRlkald,

netal, 5 acetates, acetic _aci tric sul p uric
SREFASLRY 3T T i€d cantbeS neri 1 oned -as” @?éﬁp?%?@ts
Brohst ede aciad adrschasesn ©f eferablaypd thesBeoastetl @aed dsed
%% baseTﬂé é&&%i%%% IB E SSV%HE(Hr %nﬂ%qhggghngor ﬁ;e color

osition 1N an amoun _
C%é?@ﬁtOIﬁbﬁemeEFéréBPyC%@ptd“?d@“ﬁhr?@deEﬁé$tﬁﬂ
Jrekativesd® 1 part by weight of said organic pH
i ndi cator dye conpound. (0) Polyol The polyol (c)
present in the humdity indicating conposition of the
Spreseftngreritt & si ReFBaSe Rhe- s dihei APFEssPBPlofcerhein
colgantitapfd istiscatiay dyencompoung (apredhusing solution to
mgk8! PlLid o af, Lhe, 20601 otod rANYIL! gn 8L, b he D003N8q on
pH i ndi cat or “d onpound (a) 1's 1 npr r 6ved
O @At F V& FFurtiidi tof-sf—ﬁ% %%ﬂr%bm%uaﬁg apn@em@@ the nature
oehangeeol6Butummq¢obnhas § hecgenefaknb@BMy aneavy metal
E%? #g , wherein n 25is 0, 1, 2, 3 or 4.

T'ene gl'ycol’, glycerine, erythrltol xylltol,
nannltol sorbltol can be nentioned as exenpl ary
Oﬁ@ﬂpﬁ@&@ﬁtlyA &mﬁgFQMEﬁbﬂ@ﬁcﬂﬂr %Q@Fbﬁ@gkQﬁﬁl@f1$?M%*gﬂes

erent p n npl.oyed i.n_the hum dit

|cac%géecjfes ecogl%églé?ﬁg? Serra*gé% 77 hvent on. 536*c ion
O)’(yiﬂriﬂ%rptfamf gqeyéeﬁ-nnelam@‘lp? éfrersee@ pol Yok sr asradvesyEs
eQhMBl4 ) Stelase arpakt E:@leafé%L&Q\tarﬁtq@gﬁﬁibﬁnfmp\&%%@%n
Of the v |A§ I|t or %hglcol rdra s;glgpogfzgjn%hosppo ous

I
organlc p |ca torigoun
and certain heavy metals &rrespectlve ©f the chemical nature

of their presence. These restrictions apply to semiconductor
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35 10 preferably 0.1 to 10 parts by weight relative

to 1 part by weight of said Bronsted acid or base.

5(d) Sol vent Components (a), (b) and (c) as described

her ei nabove are dissolved in sol vent. The solvent is

sel ected fromwater, nethanol, ethanol, acetone and

conbi nations thereof. 10 As water is not toxic or

fl ammabl e and hence does not require venting, it is a
aRhetesseebsiol weRkuetst he i did o RAheaheAPs and packaging
98”9931§'°n%g5095d'g9 to the present invention. 15 A
MRt UF &° of P WarEr "End VBt Rnnb F EHTBE FuSE4Sas t he

sol vent when water alone is not suitable for

rdlissol ¥é g 1he ¢REROBENt Smid)ty (IRidRd ok Clardhec Ut ng &
gﬁsdvem‘je%atﬁnther%EdHyggmcaUn%go B
LEBHPoRi TTOH 1 SIS (FLEBRYS sHBCSE % orady fo-=ts. However
agcocohpl i steacoipllety dhngsod utdton icly tlffe coowponerrtsl glumidity
ihhechupt didyd ndbeaki R COMNASIdAi0RatAR B¥CESS Mission of
pSol vent shoul d be avoi ded as ot herw se the col or

FRpY €8st o 6% RéRERT of t5- 3 i EaPHg °Ebiposi ti on on

the humdity indicator card is not sufficiently 25

18t EONGn i fh-Qrdery st @neesulizA Bhdr@alhy t¥%i s BsSROthumidity
,cggn |p%$|ts color when relative hggldlt% of thed d

L8HF PO i A ToSpREr ECRhAHYEY o 8FSPEBl y S Terncs and no
hsebyent-iss prreséntving the famg dit ympadivedt enguracy,
r@QHQng’il‘inrbﬂd"' 30 : apPunREy, Of s 2051 RnfQ.009 PARISI DY indicator
wei ght, nore preferably %OOO to 35,000 parts by
cﬁ@?gﬁt?l?ﬂf'relative to 1 part by weight of said

organi ¢ pH i ndi cator dye conpound. Ascorbic acid as

radditjopal . conpanent 35. aSCAL DI G 3¢hdAk SoRr €58 MWoJiRie o
the humdity indicating conposition, the amount Is in

hauighte PP 0Py GO t B ETTULT y OF n2 PR SDI e fe Logen
cbdpocont aimd ngaalyowetdiscand etk cionpahentsné apy (yroved
aQELra5§?ffgéﬂ¥5£ﬂi%20959'Sef%éﬂiﬂﬁ%yp%%sﬁﬂkvén%fbéﬂ* humidity
“amount” of 1 to 3 parts by weight relative to said
iBrbRstRE I -or base. Humidity indicating conmposition
10 As nentioned herei nabove, the humdity indicating
reomposi L an, ageardi By Le. (D aresenl LaYeR! Lo Aaese
not contain hal'ogen and %eavy netals. I57°In"the
PEBFEDW of RESHECHaM| y2pi et dhret toffitratPansaof -
conmponents (a), (b), (c) and (d) are described. The
conbi nation of Neutral red as the organic pH indicator
dye conpound (a), sul phuric acid as the Bronsted acid
DgpcpaRELFD)Ef HyegEpreRrtaer as the polyol Ic) and water
as the solvent is preferred as it can be applied to a
sAPEE! - Subsfr ate oy PLLRLI . O SPALLNgoMROLAL 1, Ot by
using an’ appropri ate apparatus and, after-having béen
aghpPVed %10 % SHeEL “¥ubst &t el DY iGPER OBl § 60F oC AR g Y
(QO:Oﬁnch@ﬁgﬁcf@HHEBBUEai@r&hdka%@oahﬁpsphere (a
atiye hundi 0f.0.9% _to violet or magenta in an
(éfnd%ﬁﬁg?é&ﬁﬁeﬁ%édaéFe?%g?we humidity of 60 % A
{par t & ckl-afdly hgvepar e b HathicsHud snpPt e SNt 1CEICH,
whedeas 4 hexrongani,c 1pHzj ngli sator dye conmpound (a),
(gulpgugéfeé%g,d as 30 the Bronsted acid or base (b),
gfycerlne‘as’the polyol (c) and water as the solvent
whRgeinssa d (fiompercebipohent (Plasciér bredadfd. 49 thfagontain
LeUsPEL SAimglor beeryf aupdishat the presence of ascorbic
acid gives rise to a brilliant blue color of the
hum dity indicating conposition in a dry atnosphere (a
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15 relative humdity of 0 %9. As result, the color
change to violet or magenta in an atnosphere having an
el evated relative humdity, such as 60 % is nore
clearly visible. 12 The humd4ity indicating
conposition is prepared by m xing conponents (a), (b),
(c) and optionally ascorbic acid in solvent (d) in
anounts as descri bed herei nabove by using any 5 means
S, ablee cher #A:XidTg saicoapagbhients hayi Ngrd “hEC08H tyor <he
éohq%tos'i%i%gssgté%!h'oy L he, 3%“5 aﬁqté‘feﬁ(éqstc%%'t OQE $9' G the
he sequence of addin nponent
Hed)y oG 6pereomaty ¢ &896HCBi ¢hatt dCtJ%PHFeESscﬂ ver%tf §f notand
marticularly restricted. 10 Hum dity indicator card
The hum dity indicator card according to the present
i nvention conprises a sheet substrate and the humdity
Fuidineatmeng - 152 Eidfgosinti 6 deser Foerrmtd nabeve-ofand (<)
Y ahhet Rempobvenin has sbeenievapatated sush bhatchbes: a
hunrdr%xahnsuggtrngxﬁpnposrtron |s drled The hum dity
ndilca ing conposrtron 'S arPgn ed*bh at | east 20one
part of the surface of the sheet material. Preferably,
i ffrer et 1Buhgl tohe r&@rne@hbﬂgsceﬂp«q%tnmsi&@om;ag»@wng
chan efgf cotonmgkqufEeren% ﬁvels q{lrelgxb e 4 in more
Ut CaR’ be provided on ai'ttel eht™ par the
Qﬁﬂ@ﬂéce of the sheet material in order to render t he
hum dity indicator card suitable for 25 indicating
several levels of relative humdity of the surrounding
at nosphere. For instance, three different humdity
fendi CavRnyc cpmposiiciesrrcdrzbecoppovidied i n different
spots on a surface of the sheet material. 30 The sheet
ubstrate may be fornmed fronrconveptronal bl ot t ng
1?5 T & I8t fieP” sHEBCAhEre Y8l §°PPRY phasth 8rf9FPh§ ompound
wuﬁnamiwatérgeﬂsinﬂmj»@@nswevemumate$1bue mwyabeumseds ¢ye
QNG %%QQdkHEn&@mpMﬁnhea%%%%&%ngopéﬂﬁﬁ rde beemef Ebrous
cel l.ul osic materi Wi th ght of 300
GG Gl BTS04 R ORT AL 566 ouidSibag: shecttin
apsigie)l g uSechoﬁﬁuamﬂweeensabstna@ea@nﬂmnc@ntarnhaﬂge in pH
R4 %M%e%o§QP“EMbﬂé¥éi%% repdtack r@h@fcdﬁy@%hcaﬁﬁéﬁﬁes The
4% astic sheets su bari um su p hat titaniu
RO, léar%‘r%rﬁ fat-€, VPt %&ade azFAgNgs in pE.
Tdvei @@e&mdlbaercrdmgnja¢ambonatehesemrbxxnnwapmdscarEakes
B HIEUorh Nt @ STRRUAACT WE L NG PEOCRS SR SMEDuna.
sheet substrates as pignents and/or fillers etc.
Furthernore, traces of chloride can be 5 present in a
Gheetn lyubstrat ergudls adl papérawhi clye esulpuhrdenethel: tmus,
ay%@rtfd%taurr(ggerp&%%% I'a_usraa' LOQUOR,Lhe humidity

i'ndi cat 1 ng_ conposition of the present 'nvention does
ﬁ@FCEEHFSFneHatd&éﬁaéoﬁpoﬁﬁﬂé ahe ey ThetTarBhtipeein each
cdifumihdictzy i Bngho cadtdre darrd bedangcenpadcyed aw awopnhsnof (a) in
il %ﬁﬁacwp%ﬂdéc]l%aﬂ% Bsh‘@a&ﬁ{ JELAl S ngSabdihal %’&?&nt
conpounds and cJheavy metai s have no function in
IRTFEFOP - |nd|cat|ng conposition and in the hunmdity

i ndi cator card of the present invention. In use, the

h‘{'I’l‘E;'h*e}{?/hHQl At %fub“sarv—%c't%rg' agesrégter?r %'?“ Q hﬂgol%tte,

cont ai nef or_storage container for equ

TEYBCLT BAPR eTRf t”&ﬁeéPecPrbﬁ?%l%pﬁbﬁﬁehﬁé bsﬁ%h as
Thytegpatedicitcuits. Hum dity present in the air
within the container will be adsorbed by the humdity
i ndi cating conposition to indicate the specified

hum dity level. 20
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Once the hum dity indicating conposition is placed in

an environnent having the specified humdity |evel,

the color of the appropriate color spot will change
froma certain color to another, thereby indicating

t he existence of that particular 25 humdity |evel and
the actions required to protect the electronic

equi pnent as provided in the witten instructions.
fr&ﬁ@%&l?oéuﬁéeﬂﬁf“id}@ asﬂp%géﬁy imgti@ﬁ@n gand 80udhe€l red
pracess for preparin Lty indicataor r

o vl Rl el P S o Cornrieed® Husstepst
gfows a GI-T))”B?@WCHICFK}%Y §Fiéé§ subst ¥etre HsedéScikpBedhich is

sh.@tﬁ_q_' RaBOVeolor tAdrigitappl ¥bhgrtbe rddivdentiindbcabbfgdiy
%? tion as 35 described, hereinabove onto at |east

©6f “aTSUrfdLE 6§Jthe Eheat “SibstTate, and 14
(ii1) allowing the solvent (d) of the humdity
indicating conposition to evaporate. Optionally, step
@ii L% rgggated u3in a different humdity indicating
onp&STe eh 9% PPE%i ntended to provide severa
areas on the sheet substrate each of which areas shows

@mn%nse@haeg@ & didderent eandi tiong 0t @l 3kb¥en, and a
of the surroundinﬂaatnnsghere 10 The step of

iRty oAd oF 1§ JHRacee ST450 Sofit BZ8T R

surface of the sheet substrate can be carried out by

HY &%%%%Ehoﬂcwléza@a%ef Qbm8BRENE NG: atﬂeovi\fu\ﬁ‘h@@@yslnalcatlng
solution to a s et subs%rate such as

Intin
T R o 15 THED 915 ‘of 8| PORETE" tHE Tt Pene g & capanie
& apordt egcanphetwartd ed ot rateioony tenpetatuleoor tix

%aeil%v?heqqaﬁmatwee SHebuAs PPr egon'Ehgpsigegi fic
erature can be suitably _ selected in order

NG PRt L R GUrT G SOFLE L B FBqUT RS 5 ibfluence of
gvapelatiing hlveigolwerit the acceptadlnyg shortsphArkpothe

4480 120 LEPET &L U & £ YeeSHl ErLNs QLY OF: 1Rl 36K onated
di scol oration of the spots of hunidity i ndi catin

SIS FHoANAbER i e 16 CREPSHRFate dT? (e sfhidefne side of
Fubsinpate caated hatd «h ihe pele Lbélaamdeﬁye 2risoangl €s) which

RAMRIe 1L 3 ERLP aéﬂ Ve, L Ty 6‘9&&«?563 HCaBEi%cWé‘BP dye

pr epar ed u3ing t neutral red/ 30 sul phuric ac
FIEAE i Bhs diclosed in Table 1. These solutions
,were nmachi ne-spotted on comrercial white blotting

%rh (g%'—ig‘ffﬁ@f!ikb Btrh%t ?‘ gﬁ@‘gd é/g)g%"iég Pbaase”%‘ Bak- 200-o4 by

pounds “basi s wei ried 15 m nutes.

Y5 a@RERtspbt sa! Bﬁi@t@r*%mﬂ&ii%ﬁ%@@%@& &¥ditRe card.
dnei sght awasnlcOBs gent 15 htabkerd, 7800-EHhanmel chel pndQ0 of

égg%sted acid or base relative to the amount of & specific
organic pH indicator dye compound (a), the specific relative
humidity at which the color transition of the organic pH

indicator dye compound (a) takes place can be influenced.

Alternatively or additionally, the pH generated can be
influvenced by selecting a specific Bronsted acid or base
having a different dissociation constant. Thus, the relative

humidity at which the cclor transition cf a specific organic
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100 100 Neutral red (g) 0.075 0.075 0.075 0.075
Sul phuric conc(ml) acid 0.8 1.6 2.4 3.6 Color @ I
r.h. Pink Purple Blue Grey- Green Color @0 %r. h.
Pi nk 5

T

pH indicator dye compound (a) takes place can be also
influenced by varving the specific Bronsted acid or base.
Alkall metal carbonates, alkalli metal hydroxides, alkali metal
acetates, acetic acid, citric acid, sulphuric acid, nitric

acid can be mentioned as exemplary Bronsted acid or bases.,

Preferably, the Bronsted acid or base is present in the
humidity indicating compositicn in an amount of 1 <o 2,500
parts by weight, more preferably 30 to 200 parts by weight
relative to 1 part by weight ¢f said organic pH indicator dye

compeund.

¢!

Folyol

The polyol (c) present in the humidity indicating compesition

of the present invention increase the color impression of the

organic pH indicator dye compound f(a). Taus, visibility of the
color transition of the organic pH indicator dye compound {a)

is lmproved when relative humidity of the surrounding

atmesphere changes.

"he polyel has the general formula HOCH-{CHs),-CHOH, wherein n

fo-

s 0, 1, 2, 3 or 4. Ethylene glycol, glycerine, erythritol,
xylitel, mannitol, sorbitol can be mentioned as exemplary
compounds., A single polycel or combinations of two or more
different poclyols can be employed in the humidity indicating

composition of the present invention.

Aylitel and glycerine are preferred polyols as they give rise
to a particularly advantageous improvement of the visibility
of the color transition of the organic pH indicator dye

compound {a) .

Preferably, the pclycl is present in the humidity indicating
.02

compesiticn in an amount of 0 te 50 parts by weight, mors



Purple Blue G ey- Geen Color @0 %r.h. Pink Purple
Blue G ey- Green Color @0 % r.h. Pink Purple Blue-
Purple Gey-Blue Exanple 2 5 Hum dity indicator cards
using Xylitol were prepared ysing the neutral red/ acid
formul ati ons di sclosed in Tabl'es 2-4. These sol utions
wer e machi ne-spotted on commercial white blotting
paper (Fi berMark, Brattleboro, VI) with a noninal 200

ReuRdsnl) basiso wel ghtrtandy dht eghat -8 G fe0kold part b
i.nut es.. For .eﬁgcl)ﬁhsspot 50 ul of solution was used an
H u

i ,
Th& Card wetgnt- s °f' 665, “Tabte 2

(dy Solwvent

Components (a), (b)) and {(c) as described hereinabove are
dissclved in a solvent. The sclvent is selected from water,

methanol, ethancl, acetone and combinaticons therect.

As water is not toxic or flammable and hence does not require
venting, it is a preferred solvent of the humidity indicating

composition according to the present invention.

A mixture of water and sthanol can be used as the sclvent when
water alone is not suitable for dissclving the components (a),
{) and (g).

The amount of solvent present in the humidity indicating
compcsition is suitably selectad in order to accomplish
complete dissolution of the components of the humidity
indicating composition. An excess of solvent should be avoided
as otherwise the color impression of the humidity indicating
compocsition on the humidity indicator card is not sufficiently
strong in order to result in a clearly visible spot changing
its color when relative humidity of the surrounding atmosphere
changes. Preferably, the sclivent is present in the humidity
indicating composition in an amount of 20 to 70,000 parts by
weight, more preferably 1000 to 35,000 parts by weight,
relative to 1 part by weight of said organic pH indicator dye

compound.

Ascorbic acid as additional component

The numidity indicating compesition ¢f the present invention

can comprise ascorbic acid as an additional component. When
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70 % Et hanol (ml) 100 1200 100 Neutral red Igi 0.08
10.08 0.08 Sul phuric acid conc (m) 2 1 12 1 2
T.scorbic acid(g) 0 1 2 Xylitol(g) 0 0 O Col or@0% . h.
Gey Blue Blue Col or @0% .h. ,Gey-'Blue

ascorbic acid is present in the humidity indicating

composi
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is in essence limited only by its

-
<

solubility in the solvent {d] c¢ontaining above-described
compenents (a), (b}, {(c). Preferably, ascorbic acid is pressnt
in an amount of 1 to 3 parzts by weight relative to said

Bronsted acid or base.

Humidity indicating composzition

As mentioned hereinabove, the humidity indicating composition
according tc the present invention does not contain halogen

and heavy metals.

In the following, especially preferred combinations of

components {(a), (b)), (¢ and (d) are described.

The combination of Neutral red as the organic pHE indicator dye
compound (a), sulphuric aclid as the Bronsted acid cor base (b},
glycerine as the polyel {(g) and water as the solvent is
preferred zs it can be applied to a sheet substrate by
printing or spetting manually or by using an appropriate
apparatus and, after having been applied to & sheet substrate,
gilves rise to a clear color change from blue in a dry
atmosphere (a relative humidity of 0 %) to viclet or magenta

in an atmosphere having a relative humidity of 60 %.

A particuiarly preferred combination comprises Neutral red as
tne organic pH indicator dye compound {a), sulphuric acid as
the Bronsted acid or base (b}, glycerine as the polyol (c) and
water as the solvent and, as a further compeonent, ascorbic
acid. It has surprisingly been found that the presence of
ascorbic acid gives rise to a brilliant blue coclor of the
humidity indicating compesition in a dry atmosphere (a
relative humidity of 0 %). As result, the color changs to

violet or magenta in an atmosphere having an elevated relative

humidity, such as 60 %, is more clearly visible.
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1 Purple Blue Color050% .h. Purple Purple Blue 16
Tabl e 3 Ethanol (ml) 100 100 100i 1 Neutral red(g) 0.08
0.08 0.08 Sul phuric acid conc (m1 2 2 2 Ascorbic
acid,g) 012 15

Lo

The humidity indicating composition is prepared by mixing
components {(aj, (b}, {c) and opticnally ascorbic acid in
sclvent (d} in amounts as described hereinabove by using any
means suitable for mixing a composition having a viscosity
that is essentially the same as the viscesity of said solvent.
The segquence of adding components (&), {b}, (¢} and cptionally

ascorbic acid to the solvent 1s not particularly restricted.

Hurmnidity indicator card

The humidity indicator card according to the present invention
comprises a sheet substrate and the humidity indicating
compoesition described hereinabove of which the sclvent has
been evaporated such that the humidity indicating composition

is dried.

The humidity indicating composition is arranged on at least
one part of the surface of the sheet material. Preferably,
different humidity indicating compositions showing a change of
celor at different levels of relative humidity can be provided
on different parts of the surface of the sheet material in
order to render the humidity indicator card suitable for
indicating several levels of relative humidity of the
surrcunding atmosphere. For instance, three different humidity
indicating composition can ke provided in different spots on a

surface of the sheet material.

The sheet substrate may be formed from conventional blotting
paper. Other sheet materlals, like plastic films, woven
materials and non-woven material may be used. In cne
embodiment, white blotting paper made from fibrous cellulosic
material with a minimal basis weight of 300 g/m’ (eguivalent
to a nominal 200 pounds basis weight} is used. The sheet
substrate can contain additives common in the manufacture of

a
paper and/or plastic sheets such as barium sulphate, titanium
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Xylitol(g) 1 1 Color@% .n. Blue Blue Blue

Col or @0% . h. Pink Blue- Purple Blue Col or @0% . h.
Pink Pink Purple Table 4 Ethanol (m) 100 100 100
Neutral red(g) 0.08 0.08 0.08.Sul phuric acid conc (nt)
2

dioxide, calcilum cazrbonate, aluminium oxide, zinc oxide and
basic lead carbonate. Said compounds are commonly used in the
mznufacturing process of such sheet substrates as pigments
and/or fillers etc. Furthermore, iraces of chloride can be
present in a sheet substrate such as paper which result from
the manufacturing process. Thus, although the humidity
indicating composition of the present invention does not
contain halogen compounds and heavy metals, the humidity
indicator card can contain low amcunts of halogen compounds
and/or heavy metals. Said halocen compounds and/or heavy
metals have no function in the humidity indicating composition

and in the humidity indicator card of the present invention.

In use, the humidity indicatecr card is placed in a shipping
container or storage container for equipment, e.g. electronic
equipment or electronic ceomponents, such as integrated
circuits. Humidity present in the air within the container
will be adsorbed by the humidity indicating composition to

indicate the specified humidity lewvel.

Once the humidity indicating composition is placed in an
environment having the specified humidity level, the color of
the appropriate color spot will change from a certain color to
another, thereby indicating the existence of that particular
humidity level and the actions regquired to protect the

electronic eguipment as provided in the written instructions.

Process for preparing a humidity indicater card

The process for preparing a humidity indicator card zccording
to the present invention comprises the steps of

(i) providing a sheet substrate azs described hereinabove,
{ii) applying ths humidity indicating composition as
described hereinabove onto at least a part of a surface of the

sheet substrate, and
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2 2 Ascorbic acid..1 01 2 Xylitol(g) 2 2 2

Col oreo% . h. Blue- Purple Blue Blue Color @0% . h.
Pink Purple Purple Color @0% .h. Pink Pink Pink 5
Surprisingly, the addition of, ascorbic acid leads to
brilliant blue spots and prevents discoloration to
grey. Exanple 3 10 Acidic Neutral red formnul ati ons
using the follow ng polyols were prepared:

@@Eﬁ:cﬁyggﬁiﬁf the sclvent {d] of the humidity indicating

composition to evaporate.

Cpzionally, step [(ii} is repeated using a different humidity
indicating composition, when it is intended to provide several
areas on the sheet substrate each of which areas shows a color
change at different conditions of relative humidity of the

surrounding atmosphere.

The step of applying humidity indicating composition cnto &
surface of the sheet substrate car be carried out by any
operation suitable for applying a low-viscous solution to a

sheet substrate such as printing or spotting.

The step of aliowing the scolvent to svaporate can ke carried
out at room temperature or at an elevated temperature such as
36~80C °C. The specific temperature can be suitably selected in
order to achieve that the period of time required for
evaporating the soclvent is acceptably short. & too high
temperature can result in grey or klack disceoloration of the
spots of humidity indicating composition applied to the

surface ©f the sheet substrate and should hence be avoided.

Examples
Exanple 1 - comparative

Humidity indicator cards were prepared using the neutral red/
sulphuric acid formulations diclesed in Table 1. These
so_utions were machine-spotted on commercial white blotting
paper (FiberMark, Brattlebcro, VT) with a neminal 200 pounds
basis weight and dried at 80 °C for 15 minutes. For each spot,

50 pl of solution was used and the card weight was 1.00 gq.
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15 CCE2: Et hyl ene gl ycol CCE3: Xylitol CCE4: Sorbitol
CCE5: Erythritol These solutions were hand-spotted on

commercial white blotting 5 paper (FiberMark,
Brattl eboro, VT) with a nom'ri%5 200 pounds basi s
wei ght and dried at 80 C for m nutes. For each

spot, 15 ;il of solution was used to create 12 nm
di aneter spots. Table 5 Type of polyol None COB 1 CCE
2 COB 3 CCE 4 CCE 5 70@6E1hggpé(pﬂ) 100 100 100 100

%80‘199 ? H%Lhc C%% LUHL\IE) 2—2 /iau Loc
Heutral rsd (g} 0.0675 0.075 £.075 0.075
Sulphuric acid 0.8 1.6 2.4 3.6
conc {ml)
Color @ G0 % r.h. Pink Purple Blue Grey-
Gresn
Color @ 20 % r.h. Pink Purple Blue Grey-—
Green
Color @ 40 % r.h. Pink Purple Blue Grey—
Green
Color @ 60 % r.h. Pink Purple Blue~ Grey-—
Purple Blus

Example 2

Humidity indicator cards using Xylitol were prepared using the

neutral red/acid formulations disclosed in Tablas 2-4. These

solutions were machine-spotted on commercizl white blotting

paper (FiberMark, Brattleboro, VT) with & nominal 200 pounds
basis weight and cried at 80 °C for 15 minutes. For each spot,
30 ul of solution was used and the card weight was 1.00 g.
Table 2

|70 % Ethanol (ml) 100 100 100

Neutral red {g; 0.08 0.08 0.08

Sulphuric acid conc |2 2 2

{ml)

Ascorbic acid (g) 0 1 2

Xyvlitol (g) P Q 0

Color @ 0 % r.h. 'Grey Blue Blue

Color & 3C % r.h. Grey- Biue Biue

Purple
Color @ 50 % r.h. Purple Purplie Blue




2;2 Ascorbic acid(g)10 10 10 10 1010 Neutral red (Q)
0.05 0.05 0.05 0.05 0.05 0.05 Anpbunt of polyol (g) O
19 19 19 19 19 Color @O %r. h. Blue Blue Bl ue Bl ue

Bl ue Blue Color @20%r.h. Blue
Table 3

Ethanal {ml) 100 190 100
Neutral red {g) 0.08 1 3.08 G.08
Suiphuric acid conc {2 2 2
{md.)

Ascorbic aclid ig) 0 1 2
Xylitol ig} 1 1 1
Color @ 0 & r.h. 2lue Blue Blue
Coior @ 30 % z.h. Pink Blue- Blue

Purple
Celor @ 50 % r.h. Pink Pink Purple
Table 4

‘Bthanol {(ml) 100 2100 100
Neutral red (gl 0.08 | 0. 08 0.08
Sulphuric acid conc 2 2 2
{ml)

Ascorbic acid (gj 0 1 2
ylitol (g) 2 2 2
Color € 0O % r.h Blue- Blue Bliue

Purple

Color @ 30 % r.h. Pink Purple Purple
Color & 50 % r.h. Pink Pink Pink

Surprisingly, the addition of ascorbic acid leads to brilliant

blue spots and prevents discoloration to grey.

Examples 3

Acidic Neutral red formulations using the following poclyols

were prepsred:

15

CCEL: Glycerine
CCEZ: Ethylene glycol
CCE3: Xylitol



Purple Purple -pink Purple Purple Purple Color g 40%
r.h. Blue Pink Pink Pink Pink Pink 10 Table 6 Type of
pol yol None CCE 1 COB 2 COB 3 CCE 4 CCE 51 70%

Et hanol (nl) 100 100 100 100 1Q0

[
3
[t}
s

Scrbitcl
Erythritel

[99]
@]
£
n

These solutions were hand-spotted on commercial white blotting
paper (FiberMark, Brattleborc, VT) with a nominal 200 pourds
basis weight and dried at 80 *C for 15 minutes. Fcr each spot,

15 gl of solution was used tc create 12 mm diameter spots.

Table 5

Type of polyol Neone |CCE 1 CCRE 2 CCE 3 CCE 4 CCE 5
70% Ethancl (ml) 100C 100 100 100 100 100
Sulphuric acid [z 2 2 P2 2 2
conc [(ml)

'ascorbic acid (g) |10 10 10 10 10 10
Neutral red {g) 0.05 10.05 0.05 0.05 0.05 i 0.05
Amount of polvol 0 19 ig 1¢ 18 13
{g}

Color 8 0 % r.h. - Blue |Elue Blue Blue Blue Blue
Color @ 20% r.h. Blue | Purple | Purple | Purple Purple Purple

-pink
Coleor @ 40% r.h. Blus | Pink Pink Pink Pink Pink
Takble 6

Type of polyol None [ccE 1 lcce2 lccE3 IcCE 4 |ccE 5
70% Ethanol {ml) 100 100 100 100 140 100
Sulphuric acid 2 2 2 2 2 2
cone {mi)

Ascorbic acid (g) 10 10 10 10 10 i0
Neutral rec (g) 0.05 0.05 0.45 0.0% 0.05 0.0%
Amount of polyol 0 32 32 32 32 32
{g)

Color € 0 % r.h. Blue Blue Blue Blue Blue Blue
Coleor @ 20% r.h. Blue Purple | Pink Purple | Purple | Purple

-Pink -Pink
Color @ 40% r.h. Blue | Pink Pink | Pink Pink Pink
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(3]

100 Sul phuric acid conc(m) 2 2 2 2 2 2 Ascorbic
acid(g) 10 10 10 10 10 10 Neutral red(g) 0.05 0.05
0.05 0.05 0.05 0.05 Anmobunt of polyol (g) 0 32 32 32 32

18

These sciutions were machine-spotted on commercial white
blotting paper (FiberMark, Brattleboro, VT)} with a nominal 200
pounds bkasis weight and dried at 80 °C for 15 minutes. For
each spot, 50 ul of solution was usasd and the card weight was

1.00 g.

The principles, preferred embodiments and modes of operation
in the present invention have been described in the
aforementioned specification. The invention, which is intended
te be protected herein, is not to be construed as limited to
the particular structures or emboediments disclosed, as these
are to be regarded as illustrative rather than restrictive.

Variations and changes may be made by those skilled in the art

without departing from the invention.
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32 Color @0 % r.h. Blue Blue Blue Blue Blue Blue
Color @20% r.h. Blue Purple -Pink Pink Purple -Pink
Purple | Purple; 1 Color @40% r.h. Blue Pink Pink
Pink Pink Pink 18 These soI# ions were

machi ne-spotted on commerci al "white blotting paper
(Fi berMark, Brattleboro, VI) with a nomnal 200 5
pounds basis weight and dried at 80 C for 15 m nutes.

ch@imgach spot, 50 pl of solution was used and the card

L

wei ght was 1.00 g.

Humidity indicating compcsition comprising

{a} an organic pH indicator dye compound,

(b} a Bronsted acid or base,

{c) & polyel having the general formula HOCH-(CHp),-CHCH,
-wherein n can be 0, 1, 2, 3 or 4, and

{d) a solvent; wherein

2ald components (aj, (b)), () and {d) do not contain

halogen and/cr heavy metals.

. Humidity indicating composition according to claim 1,
wherein said organic pH indicator dye compound is

selected from phenazine dyes and triphenylmethane dyes.

Humidity indicating compesition accerding to claim 1,
wherein said organic pH indicator dye compound is
selected from the list consisting of litmus, cyanidine,
sylenol blue, Neutral red, Thymo! blue, Phenolphthalein,
Alizarin, Alkaline blue, Thymolphthalein and combinations

thereof.

Humidity indicating composition according to claim 1,
wherein said Brensted acid or base is selected from the
list consisting of alkali metal carbonates, alkali metal
hydroxides, alkali metal acetates, acetic acid, citric

acid, sulphuric acid and nitric aci

Humidity indicating compeosition according to claim 1,
wherein said polyol is selected from the list consisting
of ethylene glycol, glycerine, erythritol, xylitoel,

mannitol, sorbitol and combinations thereof.

Humidity indicating composition according to any of
claims 1-% wherein
said corganic pH indicator dye compound is Neutral red,

said Bronsted acid or base is sulphuric acid, and
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The principles, preferred enbodi nrents and nodes of
operation 10 in the present invention have been
described in the aforenenti oned specification. The

i nvention, which is intended_to be protected herein,
is not to be construed as lifArted to the particul ar
structures or enbodi nents disclosed, as these are to
be regarded as illustrative rather than restrictive.
15 Vari atj an e t ki]l ed
't he art W Thodt “dopartr ng TFon The Mvent ten T b
c alﬁﬁ“ﬁlFMMVHFithﬁGPcatlng conposi tion conpr|5|ng
(a) an organic pH indicator dye conpound 5(b) a

Br ongt ed S 0 V|n th ener al
: ornﬁ Bt ?E%#glgﬁé%% g}EFﬁ%aﬁ P“T% ﬁ“%% bg %, 819n§ ¢
or 4C’ah®5(ﬁ) &'$3dd8nt ; wherein sai d conponents (]

(b), s¢c} Bnshdwh d&lﬂobrCDméélDQ]ﬁﬂﬁﬁé@gennaBﬂ/@ﬁoh@ﬂ- WE 1

metal s. zzwn*gmrdis% dicati pg comp Osﬂ'on a COfd' Jg.Lo

claimil reins organlc P |nd‘cat
conpd@nd ?@%H%@ﬁedpﬁﬁéﬁ?%éﬁmlqwm§l and

trlph&ﬂ&|ﬁﬁﬂjh&ﬂ&s§ﬁ&&seﬂ5 ?nkﬁmnahd@¢+|@¢|oabzngo 50 parts
conpQsl 0 r_ql L n.sal
9 &é}éﬁ g%g Qg 8 f SQEQJB wel eleCFeaa%? %ﬁ? ted

organic p ator dye conpoun
Ilstaee%s?%tWQﬁfrof litnus, cyanldlne xyl enol bl ue,
Neut sat red, ThynDI bl ue, Phenol pht hal ei n, 20Ali zari n,

Al ka Nt lL.oht hal ei n, and combi nat iops .
therg%?g o Eg d|¥38|galcgt%ngm%éﬁﬁdgltlg Egcb%r di ng'®
to cP%ﬁﬂ$ﬂ“’WﬁéﬂéwnrgéﬁﬁlE#dh%t%dﬁaél@yowebasb $%& organic

sel egh egndlrdmaotrhaya%bﬁf;o@msn sting of alkali netal
carbonates, al kali netal hydroxides, alkali mnetal
acetates, acetic acid, citric acid, sulphuric acid and
Bri t r Fem o i ’@dHuﬁwdnGyCPmEWQ%ﬂﬂqngamﬁmpdsnG|o@ any of

accorti ngs 10Tl aihich, : 3OVHEF e dhnsaisd sPak¥Olris aciqa.
selected fromthe |ist consi sting of ethylene glycol,

glycerine, erythritol, xylitol, mannitol, sorbitol and
Sconbifwatdions iridéresh ng 6¢Hmr T tion ndicoatiing to claim 8,

COMP@sdtd QN BECALALAII E0a @Y Of present in an amount of 1 to

3 parts by weight relative to 1 part by weight of said

Bronsted acid or base.

10. Humidity indicating compesition according to any of
claims 1-9%, wherein said solvent is sslected from the
list consisting of water, methanol, ethancl, acetone and

combinations thereof.

11. Humidity indicator card comprising a sheet substrate and
the humidity indicating composition as defined in any of

claims 1-10 on a surface of said sheet substrate.

ot
]

Process for preparing a humidity indicator carg
comprising the steps of

(i) providing a sheet substrate,
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35cl ainms 1-5 wherein said organic pH indicator dye
conpound is Neutral red, said Bronsted acid or base is
sul phuric acid, and 20 said polyol is selected from

gl ycerine, xylitol and conbigations thereof. 7Humidity
i ndi cati ng conposition according to any of 5clains 1-6
wherein said Bronsted acid or base is present in an
amount of 1 to 2500 parts by weight relative to 1 part
by wei ght @hp&@udgow@@nhﬁu%HtQHQhQQEQF1Q¥ec&ﬂﬂﬂﬁ%9@n as
sai d pol yol | Eresent I n_an annunﬁ 9% 02 to 50

parts 10by melg £ HeIH vé fbarmﬁa FIBy°WeT gtlt 6B s&apdpart
Bronst ed a¢ifdt8e pastacearnf the Shgatdssb$RMﬂued snd

preseﬂil)rlaaﬁoaﬂﬁynibéﬁdeQAd% 1@409@ PRE UiSuryq Wei ght
relative taq organi c 15pH i ndi cat or

art
dye corrpound]d E b ?ﬁ(ﬁ%ﬂ?? ﬁ&ﬁ&?tlﬁgegﬁﬂﬁu% %1 on
according to any of clainms 1-7, which further

&onpprcs@@saasw Rirepacidy 20 8nfAd dishy;ladicating ;.
conposi Lo on, co&% % to claim 8 wherein the ascor
acid Ts presemt | Aot UT ! &6 52pared B vidi Ght
rel at¢Wes - Urepart thy wetghtobffcai $0BBONSted acid or
base. 25 10. Hum dity indicating conposition according
to any of clainms 1-9, wherein said solvent is selected
fromthe |list consisting of water, nethanol, ethanol,
acetone and conbinations thereof. 30 11. Hum dity

i ndi cator card conprising a sheet substrate and the
hum dity indicating conposition as defined in any of
clainms 1-10 on a surface of said sheet substrate.

12. Process for preparing a humdity indicator card
35conprising the steps of (i)providing a sheet
substrate, 21 applying the humidity indicating
conposition as defined in any of clains 1-10 onto at

| east a part of the surface of the sheet substrate,

and (iii) allowng the solvent (c') of the humdity

5i ndi cating conposition to evaporate. 13. Process for
preparing a humdity indicator card according to claim
12, wherein step (iii) is carried out at a tenperature
in the range of from50-80 C. 10

or*g
I C



