EXTENDED LI FE M NERAL ACI D DETECTI ON TAPE CROSS- REFERENCE TO RELATED

APPLI CATION This application is related to and clains the benefit of U S
Provi sional Application Ser. No. 5 60/604,945 filed August 27, 2004, the
teachi ngs of which are incorporated herein by reference. BACKGROUND OF THE
| NVENTI ON The present invention relates to an extended Iife mneral acid
detection tape and, in particular, to a mneral acid detection tape which
possesses uniformgas sensitivity and 10 acceptabl e background col or for at
| east a three-nmonth tine period when placed in usage. DESCRIPTION OF THE
PRI OR ART At preseMXTEXDED hf BEWHAERALAIDBEEECTIONESBE are avail abl e
based upon several types of chem stry. One acid detection systemutilizes
a mneral acid detection tape containing a pH indicator dye. However, the
acid based stains on the detector tape are not 15 stable and the pH
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20 Another mneral acid detector tape systemrelies upon a dlazo coupl i ng
reaction in an acid phase to provi defegice.nt ense red col or indicative of
the presence of acid gases. Although

BACKGROUND OF THE INVENTION

The present invention relates to an extended life mineral acid detection tape and, in
particular, to a mineral acid detection tape which possesses uniform gas sensitivity and
10 acceptable background color for at least a three-month time period when placed in usage.
. DESCRIPTION OF THE PRIOR ART
At present, existing mineral acid detection tapes are available based upon several
types of chemistry. One acid detection system utilizes a mineral acid detection tape
containing a pH indicator dye. However, the acid based stains on the detector tape are not
‘15 stable and the pH indicator dyes themselves are toxic. Also in such a system, the relationship
between the acid gas concentration and the stain color intensity is non-linear thereby
requiring the need of complex optical monitor assemblies. Moreover, a limited number of
pH indicating dyes are available for use with such optical monitor assemblies and such
detectioﬁ tapes have a limited useful life of approximately a one-month time period.
20 Another mineral acid detector tape system relies upon a diazo-coupling reaction in an

acid phase to provide an intense red color indicative of the presence of acid gases. Although




-1 such a systemis sensitive to acid gases, such a systemhas a limted

useful lifetime. Also, the sensitivity and tape background colors of such
a systemare unstable to chem cals, such as primry am nes and coupling
reagents in the tape formula which possess tenperature and |ight

sensitivities. Over time, the background of such m neral acid gas detection
tape 5 darkens, and as the tape background darkens, the sensitivity of the
t ape decreases. For exanple, such tapes exhibit significant background
drops within a 4-6 week period of use. Also, under roomtenperature
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within a 30-day period. Additionally, such detection systens possess
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| NVENTI ON One obj ect of the present invention is to provide a solution to
t he | i m Alsd dndérebbmeeroperature conditions, such tape darkening results in a 30-40% optic

reading drop within a 30-day period. Additionally, such detection systems possess unstable
tape sensitivities and reduction in sensitivity of between 10-20% within a 30-day period and
10 between 40-60% within a 90-day period. Accordingly, the useful life of such mineral acid
detection tape systems are limited to at most a 30-day period of time after they are pleced in
service. Thus, such tapes must be replaced after a 30-day period of use to provide acceptable
monitoring of acid gases.
Also, the reaction rate between the acid gas concentration and the tape color intensity
15  is non-linear at low concentrations of acid/gas detections. The resultant reaction curves are
S-shaped, which result in a slow response and a narrow detection range for such mineral acid
detection tapes.
SUMMARY OF THE INVENTION
One object of the present invention is to provide a solution to the limited lifetime of
20  existing mineral acid detection tapes, This solution is achieved by utilizing diazo-coupling

reagents possessing low toxicity and reduced dependency on temperature and light to




20 existing mneral acid detection tapes. This solution is achieved by
-utilizing diazo-coupling reagents possessing low toxicity and reduced
dependency on tenperature and light to -2 thereby provide an inproved
m neral acid detection tape possessing a useful life of at |east 3 nonths.
It is an object of the present invention to provide a mneral acid
detection tape which possesses a uniformtape background stability under
roomtenperature conditions over an 5 extended period of time of at |east
90 days. Still another object of the present invention is to provide a
m neral dbé¢rebyderoeide an imprpecd mingral aeid detaetionitaps posschsing audeth didnelaniaasitl on
| evel s over an extended period of tine. Yet another object of the present
i nvent i omoghd. 0 provi de di azo-coupling reagents possessing |low toxicity
resi stance and reduced dependency to tenperature and light within a stable
gas detection 1 BRA oB 6N of ARk [RYdeBNEACEHtRA S PRVRE alrhifBral acidldtbdtion tdpe gy
obj ect of the present invention is to provide an alkalized mneral acid 5
detectio ' ' g@lﬁ . I . t her
obj ect o;b O{S%gfeg\ﬁ@slgﬁtﬁ }%H;é’/te)nt orll19 %Igtg?}g@' @%ﬁ@g@ﬁ%@ﬁ%ﬁ E 0 !t}crillllu%%ér ‘?nv"’gg‘?
i npregnate n, aci t ect.or, t w th diazo coupling reagents to provide a
t ape %os§§§?gﬁ%P%%$§$§F5cgﬁékmigﬁﬂﬁg'gas trapping efficiency for at |east
90 days. In accordance with the present invention, an acid gas detection
tape for det ectilkfgotieneieat of thy paserl investien isde provide aﬁywr@bwg Agtectardprg,
hydr obrom ¢ acid, hydrofluoric acid, hydriodic acid, nitric

that is sensitive to low acid concentration levels over an extended period of time.




acid, sul phuric acid, phosphoric acid, and acetic acid, is provided and

whi ch extends the useful I|ife of the mneral acid detecting paper up to at
| east a three-nmonth period of time when placed in usage. The extended life
m neral acid detection tape is saturated with a fornmula solution by 15
passi ng the cellul ose paper substrate through a bath containing the fornula
solution. The fornula solution includes a pH buffer of between 8-9% by

vol une of the total volune of solvent and between about 0.07-0.10% by
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di azoti zati on _coupling agent, reagent grade sul phanilic acid, of between a
wei ght per ceéitll ofurtheridjechofithg Bogseny invigptianois & preveidg hn algalizedenisoklasit | s added
to the conmposition. A pHindicator, containing 0.1 %ethyl red, of between
4- 4 .55% dejection tape whichtihstatilobedr avektensedyfH smky.ent i s added to the
conposition, and a hunectant conprised of a polyal cohol of between 4-5.5%

by vol une offt ishaothbQitidet ¥Othe pRs&t ifRhN &M dsSa Egi?adgﬁo@ta hffosRRPapkdeh@s. Each

of the reagents is dissolved in the 5 order shown in an anount of between
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In accordance with the present invention, an acid gas detection tape for detecting mineral
10 acid gases, such as hydrochloric acid, hydrobromic acid, hydrofluoric acid, hydriodic acid, nitric
acid, sulphuric acid, phosphoric acid, and acetic acid, is provided and which extends the useful
life of the mineral acid detecting paper up to at least a three-month period of time when placed in
usage.
The extended life mineral acid detection tape is saturated with a formula solution by
15 passing the cellulose paper substrate through a bath containing the formula solution. The
formula solution includes a pH buffer of between 8-9% by volume of the total volume of solvent
and between about 0.07-0.10% by weight of the total weight of solvent of reagent grade
chromotropic acid is added to the composition as a coupling agent. Sodium nitrate, within the
composition range of 0.25-0.38% by weight of the total weight of solvent, is added to the
20  formula composition to facilitate the diazotization reaction. A stabilizer of sodium bromide of
between 0.3-0.5% by weight of the total weight of the solvent is added to the composition and a

diazotization coupling agent, reagent grade sulphanilic acid, of between a weight percent of 0.15-
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t hrough a oven, one neter in length, that is maintained wwthin a
tenperature range of 70-801C. The coated tape paper travels at a speed of
between 2.2 to 3.4 neters per mnute through the 10 oven. The dried m neral
aci d detection tape exiting the drying oven possesses a light or faint
yell ow tinge of color. DESCRI PTION OF THE DRAWNGS FIG 1 is a graph of the
background stability of extended life mneral acid detection tapes in
accordance with the present invention under roomtenperature conditions as
conpar gglz4e K hddt Nhig@RkicH infifel d
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background st.ability of a conventjonal mneral acid det ion tape; FIG 3
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detection tapes 20 in accordance with the present invention under room

t enper detat volewaaf salvms isadldediepbs einpositione Eagheafshe tepgeanis is disbilvedip thsf a
conventional mneral acid detection tape; FIG 4 is a graph of the

sensi t i ari¢nshewalni 4n anyoundt oEbettresohedd3 1d 3.8 lirrnafimadthyd alcdhd ek detsobrent apes i n
accordance with the present invention under el evated tenperature conditions
as conpar ed Waen thB €orsRiNSdolitiontiypob@bi hixel, Dfapar GRNMUBEEAORAhenPabRbal aci d
detection tape; and FIG 5 is a graph of the response tine at a | ow end gas
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The coated tape paper travels at a speed of between 2.2 to 3.4 meters per nﬁnute through the
10 oven. The dried mineral acid detection tape exiting the drying oven possesses a light or faint
yellow tinge of color.
DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph of the background stability of extended life mineral acid detection tapes

in accordance with the present invention under room temperature conditions as compared to the
15 . background stability of a conventional mineral acid detection tape;

FIG. 2 is graph of the tape sensitivity stability of extended life mineral acid detection
tapes in accordance with the present invention under elevated temperature conditions as
compared to the background stability of a conventional mineral acid detection tape;

FIG. 3 is a graph of the sensitivity stability of extended life mineral acid detection tapes

20 in accordance with the present invention under room temperature conditions as compared to the

sensitivity stability of a conventional mineral acid detection tape;




DESCRI PTI ON OF THE PREFERRED EMBCODI MENT The present invention relates to a
extended life mneral acid detection tape for nonitoring the presence of
m neral acids in the environnment. A cellul ose tape paper substrate
(identified as 10 Chroma- | from Whatnman, Inc.) is saturated with the
formula solution in accordance with the present invention to provide a
detection tape that possesses an extended |ife of at |east 90 days. The
formula solution is conprised of a pH buffer of 0.26 M sodi um hydroxi de
plus 0.009 py50h iBO&EM of Qﬂfl‘ﬁilt%ﬁgg%gﬁﬂégem 18t H%Itfégagltagfdaiiete‘éﬁérpﬁ‘ﬁes()f a

solvent. In the alternative, uffer may be O. M sodi um hydr oxi de
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(herei nafter erre S une o
volume of the .solvent. By reducing the ampunt, of the pH buffer, 1lhe tape
sensi titgf’ts?‘sl%é’lt?’ NePTLcYS ?’ff“éw?ﬂél%n?f& 9 oBiPReAng is i ncreased.

| ncreasi ng the anpunt of the buffer solution above this range results in

t he sensiti VilPy3 d¥a graeh ¢igheiasponse fitheiabm layeensgab eowseieiertioned ap prtpged er
material and the glycol propoxylate humectant are utilized for

st al¥i | i makiabacid detedimwndaties ¢t acnrdnageevitihe Arasent phviengoregpenmpafedtetigent gr ade
chronotropic acid of between 0. 07-0. 1 % by weight of the total weight of

the sol négitinsd smadfecbrventidnel hiverlllhéld Sefesttdnaipe. By increasing the amount of
this -6 coupling agent to the fornmula, the background darkening of the tape
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wei ght t%fe pltrerslgncté (())% rarlllineral acids in the environment. A cellulose tape paper substrate (identified as
10 Chroma-1 from Whatman, Inc.) is saturated with the formula solutio‘n in accordance with the
present invention to provide a detection tape that possesses an extended life of at least 90 days.
The formula solution is comprised of a pH buffer of 0.26 M sodium hydroxide plus 0.009
M of Borax, which is 8-9% by volume of the total volume of a solvent. In the alternative, the pH
buffer may be 0.28 M sodium hydroxide plus 0.15 M of 3-(cyclohexylamino)-1-propanesul fonic
15 acid (hereinafter referred to as CAPS), which is 8-9% by volume of the total volume of the
solvent. By reducing the amount of the pH buffer, the tape sensitivity is increased while the
background darkening is increased. Increasing the amount of the buffer solution above this range
results in the sensitivity of the formula solution being lowered. The pH buffer material and the
glycol propoxylate humectant are lutilized for stabilization of the detection tape,

20 A coupling agent of reagent grade chromotropic acid of between 0.07-0.1% by weight of

the total weight of the solvent is added to the formula solution. By increasing the amount of this




5 weight of the solvent. The NED is used to increase the sensitivity to

hydrochl oric acid gas. The background darkening is accel erated faster due

to the excess anount of coupling agent, which causes self-coupling of the

reacti on nmechani sm The optional coupling agent NED nmay al so be selected

fromthe group of N, N D nethylaniline, imnodibenzyl, and gentistic acid.

The formula solution further includes a sodiumnitrite for the

di azoti zation reaction. The anpunt of sodium 10 nitrite is between

0. 25- 0..389%.by. ' ' | a
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o1 ven TR B REOuY ol Pty B bt Sy ibyb P e A B it |

acid as a diazotization, coupling agent. The anount_of the coupling, agent
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solution additionally includes a pH indicator, containing 0.1 %ethyl red,
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solution further includes a sodium nitrite for the diazotization reaction. The amount of sodium

10 nitrite is between 0.25-0.38% by weight of the total weight of solvent.
Also, the formula utilizes a stabilizer comprised of sodium bromide. The amount of
stabilizer is between 0.032-0.05% by weight of the total weight of the solvent.
The formula solution further includes reagent grade sulphanilic acid as a diazotization
coupling agent. The amount of the coupling agent is between 0.15-0.35% by weight of the total
15 weight of the solvent. The coupling agent may also be selected from the group of metanilic acid,
anthranilic acid, m-aminoacetoanilide and p-nitroaniline. The formula solution additionally
includes a pH indicator, containing 0.1% ethyl red, of between 4-4.5% by volume of the total
volume of the solvent. The pH indicator is red at approximately a pH of 4.5 and is yellow ata
pH of 6.5. By increasing the amount of the pH indicator, the linearity at the beginning of
20 detection is enhanced. It is desired that color change occur from colorless/yellow to red or blue
when contacted with the acid gas. Additional indicators acceptable for use in the formula

solution may be selected from the group of ethyl orange, methyl red and metanil yeliow.
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one part glycerol propoxylate, of between 4-5.5% by vol une of the total

vol ume of solvent, is added to the fornmula solution. By decreasing the
anount of glycerol propoxylate in the polyalcohol, the sensitivity of the
detection tape is increased upon exposure to the target gas. 5 However, the
dar kening of the tape background occurs nore rapidly. By increasing the
anmount of this hunectant material, the sensitivity is |owered. O her
hunectants that may be utilized are polyethylene gl ycoI or gI ycerol . Each

of the reagqfiﬁeﬁl éﬂﬁr{lé@érﬂ%ﬁlaﬁis%?%cfo%l &nglhgaeoﬁﬂ t| za |0n t%eol%
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ethyl a be used as the solvent, this solvent results in | ower
sensiti ﬂfﬁ?@ hgﬁ?/ %SOE&Q %W Sppeasinedhs phow el elyasie meRaytal indits present in
the formula solution and the aronatic amne react with an acid gas present
in a sdmiyacodals thetspesitinityof tloy detegton fpe isipereasté uphineepnsuertosthe targeigasshown by
(1). This 15 diazoniumsalt is characterized by containing diazoniumions,
whi ¢h adewelcedba dypkunfirgsoftthatapsrkeroand opsah@s rafidlel Betindasinglhednaan be
shared to reach equilibrium 20 (1) 25 NH2 + NaNO2 0 HO3S 2HX / \- N= N X-
+ NaX +of2hld Rumectant material, the sensitivity is lowered. Other humectants that may be utilized are
polyethylene glycol or glycerol.
Each of the reagents, including the pH buffer and the coupling agent, the nitrite for
diazotization, the stabilizer, the diazotization coupling agent, the pH indicator and the humectant
10 are dissolved in the order described in 3.3-3.5 liters of methyl alcohol as the solvent. Although
ethyl alcoho!l may be used as the solvent, this solvent results in lower sensitivity and lower gas
trapping efficiency.
The nitrite ions present in the formula solution and the aromatic amine react with an acid
gas present in a sample gas stream to form an intermediate diazonium salt, as shown by (1). This

15 diazonium salt is characterized by containing diazonium ions, which are electrophiles that seek

out species of electrons which can be shared to reach equilibrium,

- NH,

20
N=N"X + NaX + 21,0
+ NaNO, HOsS

HO;S .~
25




-8 The di azonium salt couples with the aromatic coupling conpound, the
chronotropic acid, to formthe red-orange col ored azo conpl exes, as shown
by (2). 5 (2) 10 H®BS N= N X* OH HO3S OH SGBH N=N OH OH HO3S SO3H These
conpl exes are evident as a visible color stain on the saturated and
extended life mneral acid detection tape. The intensity of the col or
stain on the tape relates to the anount of the toxic 15 gas present in the
sanple stream The mneral acids that can be detected utilizing this acid

det ecti on L %duasﬁlu&g, g%gﬁﬁ&e\ﬂnh 3 'gSp%gﬂ%lgggﬁggﬂgﬁj{He%ﬁmnﬂiﬁ%fe%fa,

fluoride, rogen e} nitric aci

o form the red-orange colored azo complexes, as shown by (2).

3 HO,3S OH OH
HO3S HO3S SOSH

10
HO,S SO;H

These complexes are evident as a visible color stain on the saturated and extended life mineral
acid detection tape. The intensity of the color stain on the tape relates to the amount of the toxic
15 gas present in the sample stream.

The mineral acids that can be detected utilizing this acid detection tape include hydrogen
bromide, hydrogen chloride, hydrogen fluoride, hydrogen iodide, nitric acid, sulphuric acid,
phosphoric acid, and acetic acid.

The detection tape is comprised of a cellulose paper substrate, which is commercially

20 available as Chroma-1. The paper detection tape is saturated with the formula solution by
passing the paper tape through a bath containing the formula solution. The tape is then passed
through an oven having a length of approximately one meter and which is maintained between
70-80°C. The saturated tape is advanced through the oven at a speed to provide a residence time
within the oven of between about 45 to 75 seconds. Upon exiting the oven, the tape has a light

25  yellow color and is wound onto the cassette.




phosphoric acid, and acetic acid. The detection tape is conprised of a
cel l ul ose paper substrate, which is commercially 20 available as Chrona- 1.
The paper detection tape is saturated with the fornula solution by passing
t he paper tape through a bath containing the fornula solution. The tape is
t hen passed through an oven having a |l ength of approximtely one neter and
whi ch is maintai ned between 70-80C. The saturated tape is advanced through
the oven at a speed to provide a residence tine wthin the oven of between

about 45 t0 ASHSGAMNERGS. YL %ﬂ' D&chbeEpY /N %&ﬁi‘d \gﬁlgﬁ%rﬁﬁﬁn%@é@ml_ 525t he

yell ow col or and is wound onto the cassette. -

paper i . e _ls,saturated. w varjations of the fo | a..sol ution
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tape D.in accordance with the prior_art. In FIGS., 1-5 ample Ais the
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pol yal cohol of one Part et hyl ene glycol and one 5 part gyl cerol

pr opox Wihizing teapip bulfe qostainieg baramehdrthe polyateohe! ebonstraswtiyiensgivsbleand onper ei n
the pH buffer contains 10% | ess glycerol propoxylate, Sanple Cis the

st arfdarpmhrif gytoerdl arapokylbiepSungfle BSathplsandardifi@rsiasoldieon pliShuplket whaelnubes
3-(cycl ohexyl am no) - 1- propanesul fonic acid (CAPS), and Sanple D is a paper
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nitroaniline, an aromatic am ne, which reacts to provide the diazoniumsalt

R T s L T
Sanpl esanﬁ_Sca:inpﬁf:rﬁ ist 4 Ea%‘él? gett\algti%rq tape representative of the prior art which contains p-
nitroaniline, an aromatic amine, which reacts to provide the diazonium salt which in turn reacts
10 with the coupling compound N-naphthylethylene dihydrocloride.
Specifically, in FIGS. 1 and 2, the paper detection tapes, Samples A-C, are treated with
the formula solution and provide a stable background well in excess of 90 days. Specifically, in
FIG. 1 the background changes within 100 optics, a 5% drop within 90 days, under room
temperature conditions, and within 100-300 optics reading a 10% drop under high temperature
15 conditions, as shown in FIG. 2. Also, as shown in FIGS. 3 and 4, the paper deiection tapes,
Samples A-C, are treated with the formula solution under room temperature (FIG. 3) and high
temperature (FIG. 4) and provide a sensitivity of within ¥ 10% over at least 90 days while the
conventional acid detecting tape, represented by Sample D, results in a sensitivity drop of
.. between about 40-60%.
20 Additionally, as shown in FIG. 5, the paper detection tapes, Samples A and C, treated
with the formula solution provides increased response times for low acid gas concentration levels

when compared to an existing acid detection tape, Sample D.
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the formula solution and provide a stable background well in excess of 90
days. Specifically, in FIG 1 the background changes within 100 optics, a
5% drop within 90 days, under room tenperature conditions, and within

100- 300 optics reading a 10% drop under high tenperature 15 conditions, as
shown in FIG 2. Also, as shown in FIGS. 3 and 4, the paper detection
tapes, Sanples A-C, are treated with the fornula solution under room
tenperature (FIG 3) and high tenperature (FIG 4) and provide a
sensitivity cbq%g onal
aci d detect |Iglésniﬁiaeggh&]rd ééégglges@e%\ég%wggggé&ﬁs‘% bg%‘e r esﬁ%ﬂll?or?hg&gg?\g{aﬁé\%ﬁty drop
of bet. ween about .4 0 Additi t he paper
et ect 1B PoRaRYbutlsP ] S B ARR AL ER suth af rR 7 FEerpprnar et

provi des creased response tines for low acjid gas concentratjon_|evels
when cdﬁﬁfh? 1RAIOPHANCATANSE AR Y R Terde deraipWithoys depasinenirem he spird of fheust r at ed
and descri bed above is regarded to be the preferred enbodi nent of the

pr esentinvegnigent i on, nevertheless it will be understood that such are nerely
exenpl ary and that numerous nodifications and rearrangenment nmay be nade
heré&in wi thout departing fromthe spirit of the invention. 5 CLAIMS 1. A
detector tape for detecting mneral acids in an air streaminpregnated with
a formula solution consisting essentially of (a) a pH buffer material at a
concentration of between
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about 8-9% by volune of the total volunme of solvent, (b) a first coupling
agent of between 0.07- 5 0.10% by wei ght of the total weight of the
solvent, (c) sodiumnitrite reacting with the acid gas and a di azoti zati on
coupling agent to formthe diazoniumsalt, said sodiumnitrite having a
concentration of between about 0.25-0.38% by weight of the total weight of
the solvent, (d) a sodiumbromde stabilizer of between about 0.30-0.50%
by wei ght of the total weight of the solvent, (e) said diazotization
coupling agent of between about 0.1 RRY% by weight of the total 10 wei ght
of solvent, (f) a pH indicator of between 4-4.5% by volunme of the total

vol une of sq Ivent and a,hune ctant conprised of a al c

et ween-4- 5 5u¢ byt STt oP AT LR ORIt 3 e SheaB BPHARRET BRER el errent
of the fornula solutlon bei ng di ssolved in between 3.3 to 3.5 |liters of
met handPrade §nion consisting ssenfaiback@) 2 pH Suttermateria mtiapenscniratinn of Between
wherein said pH buffer material 15 is selected froma group consisting
essent iakbiityB-9¥ by vaBinM afchié totnl Myldmexif delvemd bpa 669 covipsiog agemt obleateiean 0047-0. 028
M sodi um hydr oxi de and 0.15 M 3-(cycl ohexyl am no) - 1- propanesul foni ¢ acid or

0. 26 MBDHL bkt okthel erta Rekighd P hIssleeitUid) Sidaah hn@tréactin@with e dear gl a
solution in accordance with claim1, wherein said first coupling agent is

r eagentand LA ofiHiBHRERRE Godft kdford IddiadGimh ITHiQ sGRbH hithif: Haomgcacor dance
with claim1, wherein sard diazotization coupling agent is selé&cted from a

group ¢ Bﬁ n?rtdﬁ{l'gofq)%ﬁ’?% 'a%l.lﬂf) 3]:0 A g éﬁé g‘fd%ﬁ Oo%lf\%}%ﬂt o?th%% Rrent %anl lic

aci d, rant i1 c acl m am no acet pP-nitroani 1"
sodium bromide stabilizer of between about 0.30-0.50% by weight of the fotal weight of the

solvent, (e) said diazotization coupling agent of between about 0.15-0.35% by weight of the total
10 weight of solvent, (f) a pH indicator of between 4-4.5% by volume of the total volume of solvent,
and (g) a humectant comprised of a polyalcohol of between 4-5.5% by weight of the total volume
of solvent, with each element of the formula solution being dissolved in between 3.3 to 3.5 liters
of methanol solvent.
2. The formula solution in accordance with claim 1, wherein said pH buffer material
15 is .se.iected from a group consisting essentially of 0.26 M sodium hydroxide and 0.009 M sodium
borate or 0.028 M sodium hydroxide and 0.15 M 3-(cyclohexylamino)-1-propanesulfonic acid or
0.26 M sodium hydroxide and .012 M sodium bicarbonate..
3. The formula solution in accordance with claim 1, wherein said first coupling
agent is reagent grade chromotropic acid.
20 4, The formula solution in accordance with claim 1, wherein said diazotization
coupling agent is selected from a group consisting essentially of reagent grade sulfanilic acid,

metanilic acid, anthranilic acid, m-amino acetanilide and p-nitroaniline.
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5. The fornula solution in accordance with claim1l, wherein said pH
indicator is selected froma group consisting essentially of ethyl red,
et hyl orange, nethyl red and netanil yellow 6. The fornula solution in
accordance with claim 1, wherein said humectant is 5 selected froma group
consisting essentially of one-part ethylene glycol plus one-part glycerol
propoxyl ate or polyethylene glycol or glycerol. 7. The fornula solution in
accordance with claim11l, wherein said fornula solution further includes a
second coupling agent added to the formula solution after the addition of
10 sai d sodi um br onfibgdomtmialytioarin agrordpnec Wish plaina 1 swharein swidiphl indicdetiance
with claim7, wherein said second coupling agent is selected froma group
consi st i ragleeted drom afiloyp obnsistiag essentipllg @€ ety rdd, retipt plange, eidiyil exenidam ne
di hydrochl oride, N, N-di net hyl aniline, im nodibenzyl and gentisic acid. 15
metanil yellow.

6. The formula solution in accordance with claim 1, wherein said humectant is
5  selected from a group consisting essentially of one-part ethylene glycol plus one-part
glycerol propoxylate or polyethylene glycol or glycerol.
7. The formula solution in accordance with claim 1, wherein said formula
solution
further includes a second coupling agent added to the formula solution afier the addition of
10 said sodiwm bromide stabilizer.
8. The formula solution in accordance with claim 7, wherein said second
coupling
agent is selected from a group consisting essentially of reagent grade N-(1-naphyl)
ethylenediamine dihydrochloride, N,N-dimethylaniline, iminodibenzyl and gentisic acid.

15
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