
HALOGENATED BENZAMIDE DERIVATIVES FIELD OF THE
INVENTION The invention relates to halogenated
benzamide derivatives, and more specifically,
benzamide derivatives characterized by greater
specificity for viral pathogens and less disruptive to
beneficial gut microflora. BACKGROUND TO THE INVENTION
(2- (acetolyloxy) -N- (5-nitro-2-thiazolyl) benzamide,
the compound of formula (I) , also referred to as
nitrothiazole, nitazoxanide, or NTZ, is known for use
in the treatment and prevention of parasitic
infections, bacterial infections, fungal infections,
diarrhea and other intestinal troubles (U.S. Patent
Nos . 3,950,351, 4,315,018 and 5,578,621) including
treatment of trematodes (U.S. Patent No. 5,856,348) .
The preparation of NTZ is disclosed in U.S. Patent No.
3,950,351. Improved pharmaceutical compositions for
delivery of NTZ are disclosed in U.S.' Patent Nos.
6,117,894 and 5,968,961. It has been postulated that,
in anaerobic bacteria and protozoa, NTZ exhibits a
mode of action based upon reduction of its nitro group
by nitroreductases, and particularly pyruvate
ferredoxin oxidoreductase (PFOR) dependent electron
transfer reactions that are essential for anaerobic
energymetabolism. Nothing is currently known regarding
the possible mode of action of NTZ for helminthes,
however, the enzymes of anaerobic electron transport
are considered as potential targets, with the 5-nitro
group implicated in this mechanism. Compounds
according to formula (II) , in which one of R1-S is
-OH and the remainder of R1-S being H , are known to
exhibit antiviral activity, and are known for
treatment of human viral diseases such as those caused
by human cytomegalovirus, varicella zoster, Epstein
Barr virus, HSV-I and HSV-II (U.S. Patent Nos .
5,886,013 and 6,020,353) . While potent, these
compounds are not selective for only viral pathogens.
They are described as having excellent efficacy
against parasites, bacteria and fungus. In practice,
this is associated with a problem. Namely, in humans
and many animals, the gut contains beneficial
populations of microflora, principally comprised of
anaerobic bacteria. Oral administration of broad
spectrum compounds such as those of 



Formula (II) kills the bacterial gut flora, which may
lead to secondary complications including diarrhea
requiring further treatment . Accordingly, there is a
need for therapeutic compounds that are more selective
for viral pathogens. Most preferably, these compounds
should possess antiviral activity, but be
substantially devoid of antibacterial and antiparasite
activity, at least to the extent of avoiding
deleteriouseffects upon the beneficial gut microflora
when administered orally. This need, and more, is
achieved by the present invention, as will become
clear to one of ordinary skill upon reading the
following disclosure and examples. SUMMARY OF THE
INVENTION The present invention relates to antiviral
benzamide derivatives that are more selective for
viral pathogens, and accordingly cause reduced
deleterious effects upon beneficial gut microflora
when administered orally. In a first aspect, the
invention is surprisingly made by replacing the nitro
substituent, which has until now been believed to be
the key to the activity of NTZ, with a halogen atom.
This substitution may be made in any of the known
therapeutically effective 2-benzamido-5nitro-thizaoles
(wherein the benzene ring may be variously
substituted) . Surprisingly, the novel halogenated
compounds retain their antiviral properties, but they
lack activity against the bacterial gut microflora
when administered orally. Examples of these known
2-benzamido-5nitro-thizaoles, which are analogues of
the compounds of the present invention differing only
in that in accordance with the present invention the
nitro group is removed and replaced with a halogen
atom, are extensively set forth in the above
referenced U.S. Patents, and U.S. Patent Nos .
5,886,013 in particular, their disclosure being
incorporated herein by reference . The present
invention further provides (5-halo-2- thiazolyl)
benzamide compounds according to formula (III) :i n
which R i is a halogen atom, preferably F , Cl, Br, or
I , more preferably Br or Cl, most preferably Br, and
R2 -Rg are independently hydrogen, hydroxyl, Ci-C4
alkyl, - 



C -C4 alkoxy, acyloxy (preferably acetoxy or
propiohoxy) , nitro, halogen, -C(O)R7 where R7 is
-C1-C4 alkyl, or aromatic (preferably unsubstituted or
substituted phenyl or benzyl) , including salts and
hydrates of these compounds. Preferably, one of R2 -Rg
is hydroxyl. Preferably at least one of R2 -R5 are
other than hydrogen, and more preferably at least two
of R2 -R6 are other than hydrogen . Two adjacent R2
-R6 may together form a benzyl ring. Preferably, R2
-R6 include no more than one acyloxy and no more than
one halogen. The present invention further provides
antiviral compounds according to formula (IV) :in
which R1 is a halogen atom, R8 is -C(O)R 10 , where
R10 is -C1- C4 alkyl , and R9 is -C1-C4 alkyl or
-C1-C4 alkoxy, including salts and hydrates of these
compounds. The invention further provides antiviral
pharmaceutical compositions comprising a compound of
Formula (III) or (IV) and a pharmaceutically
acceptable carrier. Finally, the invention provides a
method of treating or preventing a viral infection in
an animal or human subject, the method comprising
administering to said subject at least one dose of the
pharmaceutical composition comprising an effective
amount of the antiviral compound according to Formula
(III) or (IV) and a pharmaceutically acceptable
carrier. DETAILED DESCRIPTION Compounds of the present
invention include those according to formula (III) :
in which R1 is a halogen atom, preferably F , Cl, Br,
or I , more preferably Br or Cl, most preferably Br,
and R2 -R are independently hydrogen, hydroxyl , C1-C4
alkyl, - C1-C4 alkoxy, acyloxy (preferably acetoxy or
propionoxy) , nitro, halogen, -C(O)R 7 where R7 is
-C1-C4 alkyl, or aromatic(preferably phenyl or benzyl
, which may be further substitued) , including salts
and hydrates of these compounds . Preferably, one of
R2 -R6 i s hydroxyl . Preferably at least one of R2
-R6 are other than hydrogen, and more preferably at
least two of R2 -R6 are other than hydrogen . 



Two adj acent R2 -R6 may together form a benzyl ring .
Preferably, R2 -R6 include no more than one acyloxy
and no more than one halogen. Compounds according t o
the present invention are illustrated by the following
non-limiting list :SILVER DIHYDROGEN CITRATE
COMPOSITIONS FIELD OF THE INVENTION The present
invention relates to personal care and home care
products containing antimicrobial compositions and,
more specifically, to silver dihydrogen
citrate-containing antimicrobial compositions.
BACKGROUND OF THE INVENTION Consumers use a variety of
personal care products for the enhancement or
maintenance of health and personal appearance. Such
products find use, for example, in skin care; as
antiperspirants and deodorants; as personal cleansers;
in hair care; as oral care products; and as decorative
cosmetics. Such products often include antimicrobial
agents, which serve to kill or control the growth of
undesirable microbes such as bacteria, fungi and
viruses. Antimicrobial agents are often employed in
such divergent products as deodorant sprays, foot
treatments and toothpastes, to name but a few.
Antimicrobial agents may be used as preservatives to
prevent the growth of bacteria which may contaminate
deodorants or cosmetics, for example upon contact with
the skin. Alternatively, the antimicrobial effect of
such compositions may provide benefit in their end
use. For example, antimicrobial agents in foot care
products, are often used to treat dermatophyte
infections. In tooth care products, antimicrobials are
used as anti-caries, anti-gingivitis and
anti-periodontitis agents. Home care products are used
to clean or disinfect in homes, hospitals, hotels,
motels and offices, and other places where human
beings live, work or otherwise carry on the functions
of life. In general, home care products confer some
benefit on the consumer by acting on the consumer's
environment, whether it be at home, work, or in places
of public convenience. Antimicrobials are employed in
home care products, such as detergents, soaps,
bleaches, antiseptics, deodorants and other cleansing
agents, to kill microbes or to control their growth.
Microbes include bacteria, fungi and viruses. In some
instances, the antimicrobial agents may act as
preservatives for the home care product. In addition,
manufacturers often include antimicrobials in their
products in order to confer an antimicrobial benefit
through the intended use of the product. For example,
a manufacturer may include an antimicrobial agent in a
laundry detergent in order to remove detrimental
microbes, for example bacteria, viruses and fungi,
from clothing. A manufacturer may include an
antimicrobial agent in surface washing detergent in
order toreduce the viability or number of microbes on
a variety of surfaces in the user's environment.
Indeed, manufacturers have found antimicrobials to be
useful in a vast variety of home care products. In
both personal care and home care products,
antimicrobials provide a distinct advantage as
preservatives in extending the useful life of the
product. Price 



competition for such products is intense, so
manufacturers are continuously called upon to reduce
costs, both of manufacturing and loss. In order to
reduce the cost of lost product, manufacturers must
ensure that the product is protected throughout the
entire supply chain. Once a product is manufactured,
it is packaged, shipped, and in some cases stored for
long periods, before being purchased by consumers.
Even after a consumer buys a product, the product may
sit unused, and perhaps opened, exposing it to
microbial contamination. Manufacturers must take these
considerations into account and must design products
to be stable throughout all the stages of the
product's life-cycle, including manufacturing and
packaging; wholesale and retail; and purchase and
eventual use. In the course of a product's life-cycle,
it comes into contact with a variety of microbes,
including bacteria, viruses, and fungi. In an effort
to prevent microbes from degrading the quality of
their products, manufacturers can add antimicrobial
agents to their products. Indeed, manufacturers have
succeeded in greatly enhancing the quality of their
products by adding such antimicrobials. Although a
number of antimicrobials have been developed for use
personal care and home care products, the diversity of
microbes, and their tendency to produce resistant
mutants, places constant pressure on manufacturers to
produce improved antimicrobials. Ideally, such
antimicrobials would combine the properties of low
cost and ability to combat a wide variety of microbes.
In considering the cost of an antimicrobial agent, not
only the cost of initial manufacture, but also the
range of concentrations at which it is effective, are
important. An improved antimicrobial must be
relatively inexpensive to manufacture, and should be
active in a range of concentrations that would make
its inclusion in the desired product economical. In
addition, it would be desirable for such an
antimicrobial agent to have a broad spectrum of
activity, so as to be effective against a wide variety
of microbes. The need for increasingly cost-effective
and broad spectrum antimicrobials is ongoing and
seemingly endless.While silver ion compositions for
treating water have been known in the art, generally
the silver ion species are short-lived once they have
been dissolved in water. Thus, it has previously been
necessary to prepare solutions containing silver ion
species at the point-of-use. While reconstituting an
aqueous solution comprising silver ions may have
limited potential for some large-scale operations, it
is not convenient in the realm of home care, where
consumers prefer ready-to-use compositions or liquid
compositions that can be diluted in water and used. In
applications where silver ions might represent an
alternative antimicrobial preservative (for example in
shampoos and other watercontaining compositions),
silver ions have not been previously exploited due in
part to this relative instability. Silver salts, such
as silver citrate salts, have also been proposed as
antimicrobial dusting agents. However, these dusting
agents must be kept dry and are generally not
convenient for imparting preservative value to
consumer products or for 



delivering antimicrobial effects to an end user or to
the environment of the end user. Recently, there have
been provided silver-ion containing compositions
comprising silver ions in complex with citric acid.
See, for example, US Pat No. 6,583,176. However, no
personal care or home care products utilizing these
compositions has been previously described. From the
foregoing, it is apparent that there is a need for
personal care products and home care products having
broad scale antimicrobial properties. Such products
need to be non-toxic and non-irritating in human use.
Ideally, such products should have a long shelf life
and be inexpensive. The present invention satisfies
these needs and provides related advantages as well.
SUMMARY OF THE INVENTION The present invention
provides personal care compositions that contain
silver dihydrogen citrate in a physiologically
acceptable medium. Such silver dihydrogen citrate
containing compositions can include additional
ingredients, either soluble or non-soluble, such as
other antimicrobials, and can also include a detergent
or alcohol. The personal care compositions that
contain silver dihydrogen citrate and be formulated in
a variety of ways, and may include both an aqueous and
a non-aqueous, oroil, phase, optionally including an
emulsifying agent. Additionally the compositions can
include gelling agents or thickening agents. The
invention further provides personal care compositions
that contain a water phase, an oil phase and an
emulsifier. The water phase contains water and silver
dihydrogen citrate. The compositions are emulsions of
the following types: water-in-oil, oil-in-water,
water-in-oil-in-water, oil-in-water-in-oil, phase
inversion temperature, or microemulsions. The
invention further provides methods of using the
personal care compositions of the invention. The
methods include contacting the inventive personal care
compositions with a part of the human body. The
invention further provides home care compositions. The
home care compositions contain silver dihydrogen
citrate, water, and at least one ingredient other than
a detergent or an alcohol. Such silver dihydrogen
citrate-containing home care compositions can include
additional ingredients, either soluble or non-soluble,
such as other antimicrobials, enzymes, bleaches,
whiteners, color care agents, fabric softeners, suds
suppressors, dispersants, dye transfer inhibitors,
chelating agents and aerosol propellants and can also
include a detergent or alcohol. The home care
compositions that contain silver dihydrogen citrate
can be formulated in a variety of ways, and may
include both an aqueous and a non aqueous, or oil,
phase, optionally including an emulsifying agent.
Additionally the compositions may include gelling
agents or thickening agents. Suitable physical forms
include liquids, Semi-solids, pastes, gels, bars,
tablets, sprays, foams, powders or granules. The
invention further provides methods of using home care
compositions 



by applying them to an appropriate article or surface.
DETAILED DESCRIPTION OF THE INVENTION The invention
described herein provides personal care and home care
products having antimicrobial properties, including
activity against bacteria, fungi and viruses. The
consumer products of the invention contain an
antimicrobially effective amount of silver dihydrogen
citrate. Such antimicrobially effective amount is
sufficient to either preserve the product of the
invention against product degradation by microbes or
to confer a beneficial effect on a person, article or
environmental space or surface.Such a beneficial
effect includes killing or preventing the
proliferation of microbes on the article to which the
product is applied. As used herein, the term "silver
dihydrogen citrate" refers to molecule having the
chemical formula AgC6H7O7. The chemical structure is
principally: although the presence of lesser amounts
of related compositions is not excluded. Generally,
silver dihydrogen citrate can be made by immersing
silver electrodes in an aqueous electrolyte solution
that contains citric acid. An electrolytic potential
is then applied to the electrodes, whereby silver ion
is generated in the solution. When combined in this
way, silver ions and citric acid form silver
dihydrogen citrate, which is stable in aqueous
solution. In some embodiments of the invention, the
electrolyte contains greater than about 5% and more
particularly greater than about 10% citric acid (%
wt/volume). The silver dihydrogen citrate can then be
formulated or combined with other ingredients as
further described herein. The invention provides
personal care compositions that contain silver
dihydrogen citrate and a physiologically acceptable
medium. The silver dihydrogen citrate is prepared as
described above. Silver dihydrogen citrate has been
shown to have antimicrobial activity against a variety
of microbes, including bacteria, fungi and viruses.
Particular microbes against which efficacy has been
demonstrated include Pseudomonas aeruginosa
(especially ATCC 15442), Salmonella choleraesuis
(especially ATCC 10708), Staphylococcus aureus
(especially ATCC 65328 and ATCC 700698), E. coli
(especially 0157:H7, ATCC 43888 and ATCC 11229),
Listeria monocytogene (especially ATCC 11543 and 191
11), Enterococcus faecium (especially ATCC 6569 and
ATCC 700221), human immunodeficiency virus 1 (HIV 1),
herpes simplex virus type 1 (HSV 1), poliovirus type
2, influenza A, rhinovirus, Propionibacterium acnes
(especially ATCC 6921), Trichophyton mentagrophytes-
(especially ATCC 9533). The personal care compositions
and home care compositions of the invention possess
preservative antimicrobial activity against these
microbes and other microbes.The invention provides
personal care compositions containing silver
dihydrogen citrate in a physiologically acceptable
medium. As used herein "physiologically acceptable
medium" means a composition which is non-toxic,
nonirritating and otherwise suitable for contact with
the surfaces of a human or other vertebrate body. Such
surfaces include the hair, skin, mouth, anal, urethral
and vaginal surfaces. Whether a composition is
physiologically acceptable can be determined by tests 



well known to those of skill in the art. Some
appropriate personal care compositions of the
invention include deodorants, antiperspirants, skin
care products for facial, foot, hand and whole body
uses, sun protection products, personal cleaning
products, hair care products, feminine hygiene
products, oral care products and decorative cosmetics
such as lipsticks, mascara, facial makeup cremes and
rouge. Thus the products may include other appropriate
agents such as moisturizers humectants, emollients,
oils, lipid-type materials, stabilizers, abrasives,
anti-acne agents, antioxidants, colorants,
astringents, film formers, fragrance components,
opacifying agents, propellants, reducing agents, skin
bleaching agents, sunscreen agents, oral care agents,
such as described herein. Alcohols and detergents may
additionally be added. The personal care compositions
of the invention containing silver dihydrogen citrate
can be provided in an aqueous phase As implied, the
aqueous phase contains water and optionally contains
other ingredients as described herein. Alternatively,
the compositions can contain both an aqueous and an
oil phase. In the latter case, they can include an
emulsifying agent so as to create an emulsion, that is
a dispersion of one liquid in another, in which the
dispersed phase is stabilized by the emulsifying
agent. An emulsion is generally a stable dispersion of
a first liquid in a second immiscible liquid. The
emulsifier is an amphoteric substance that prevents
the dispersed liquid from coalescing. The invention
provides water-in-oil emulsions, oil-inwater
emulsions, oil-in-water-in-oil dispersions,
water-in-oil-in-water emulsions, phase inversion
temperature emulsions and microemulsions. Examples of
emulsions are described in further detail herein. The
invention further provides personal care compositions
containing silver dihydrogen citrate and a
water-insoluble solid in an aqueous phase. In some
embodiments, the water-insoluble solid is dispersed in
the aqueous phase to form an aqueous colloidal
suspension. In some embodiments, such aqueous
colloidal suspensionsfurther comprise an agent capable
of stabilizing the solid as a suspension in the
aqueous phase. In some embodiments, the
water-insoluble solid is dispersed in an emulsion, or
in a water-based gel. In some further compositions,
the water-insoluble solid ingredient forms, along with
the aqueous phase, a paste. The term "water insoluble
ingredient" means an ingredient whose concentration in
the composition exceeds the solubility of such
ingredient in water. As the term "water insoluble
ingredient" is relative to the concentration of the
ingredient in the composition, a water soluble
ingredient used in a paste may be capable of
dissolving in large excesses of water, but incapable
of wholly dissolving in the amount of water used in
the paste. On the other hand, a "water insoluble
ingredient" used in an aqueous solution, or an aqueous
phase of a colloidal composition, must be only very
slightly soluble in water. The person skilled in the
art will perceive these requirements and make
appropriate selections based on the ordinary skill in
the art. 



The invention further provides personal care
compositions that contain silver dihydrogen citrate,
water and at least one member of the group consisting
of gelling agents, thickeners and mixtures thereof.
The invention further provides methods of using the
personal care compositions. In general, the method
comprises applying the personal care composition to a
body surface or part to be treated. The term
"applying" includes an appropriate action on the part
of the user to contact the personal care composition
to the body part. Applying includes, in some
embodiments, spreading, spraying, squirting, wiping
and brushing. The particular type of application
depends on the body part to which the personal care
composition is to be applied. "Body part" means a part
of body including the mouth and other epithelial
surfaces of the body. Thus the term body part includes
hair, skin and mouth, anus, urethra and vagina. In the
case of the skin, the body part is often more
specific. For example, in some embodiments the body
part is the skin of the face, hand or foot. In other
embodiments, the body part is the whole body. In other
embodiments, for example where the personal care
compositions are deodorants or antiperspirants, body
part can be the underarms.The invention also provides
home care compositions comprising silver dihydrogen
citrate, water and at least one ingredient other than
a detergent, alcohol or both. The term "home care
composition" means a composition for use in the
general environment of human beings, and is further
described herein. Home care compositions are generally
non-toxic when applied in the vicinity of human being,
for example to fabrics and other items used by humans,
when applied to surfaces used by, or in the vicinity
of, humans, or when applied to spaces occupied by
humans. The invention also provides home care
compositions comprising silver dihydrogen citrate,
water, an oil phase and an emulsifier. Such
compositions are emulsions, that is dispersions of a
first liquid phase in a second, immiscible liquid
phase, wherein the emulsifier stabilizes the
dispersion of the first phase in the second phase. The
invention also provides home care compositions
containing a mixture of a water-insoluble ingredient
in a water phase, wherein the water phase comprises
water and silver dihydrogen citrate. Such mixtures
include colloids and pastes as described further
herein. The invention also provides home care
compositions containing silver dihydrogen citrate,
water and at least one member of the group consisting
of gelling agents and thickeners. Such compositions
are gels, as described in more detail herein. The
invention also provides home care compositions
containing silver dihydrogen citrate and water in
liquid, semi-solid or solid form. The invention also
provides home care compositions comprising silver
dihydrogen citrate and further comprising one or more
additional ingredients selected 



from the group consisting of builders, enzymes,
bleaches, whiteners, color care agents, fabric
softeners, suds suppressors, dispersants, dye transfer
inhibitors, chelating agents and aerosol propellants,
each as described in further detail herein. The
invention also provides antimicrobial laundry care
compositions in liquid, paste, gel, bar, tablet,
spray, foam, powder or granule form, each as described
in more detail herein. The invention also provides
home care methods comprising applying a home care
composition to an article, surface or space. Exemplary
articles, surfaces andspaces include clothes,
furniture fabrics, rugs and carpets, draperies, dishes
and cooking utensils, grills, ovens, and other items
used by humans. The term "surface" includes hard
surfaces in the human environment, such as floors,
glass surfaces (such as glass windows, doors and
countertops), other counter surfaces, bath, toilet
bowl, sink and other bathroom surfaces. The term
"space" includes the interior portion of buildings
occupied by humans, including the air contained
therein. The invention provides personal care
compositions containing silver dihydrogen citrate
present at a concentration effective to preserve the
composition against microbes. The invention further
provides personal care compositions containing
sufficient silver dihydrogen citrate to confer an
antimicrobial effect on a person to whom it is
applied. Such personal care compositions are
non-toxic, cost-effective and shelfstable over
prolonged periods. Such personal care compositions can
include: underarm deodorant sprays, roll-ons, sticks
and gels; underarm antiperspirant sprays, roll-ns,
sticks and gels; underarm antiperspirant / deodorant
sprays, roll-ons, sticks and gels; skin treatment
creams, lotions, gels, tonics, sprays and oils;
sun-protectant creams, lotions, gels, sprays and oils;
personal cleansing (hand and/or body) soaps, shampoos,
bath oils and beads; hair shampoos, rinses,
conditioners, gels, oils and/or dyes; oral care
products (dentrifices) such as toothpastes, tooth
gels, oral rinses, whitening compositions and dental
flosses; and cosmetic lotions, sticks, creams, oils
and ointments. The invention further provides home or
industrial care compositions for treating articles,
surfaces or spaces in the human environment. In some
embodiments, such home or industrial care compositions
possess effective antimicrobial preservative
properties. In other embodiments, such home or
industrial care compositions confer an antimicrobial
effect on articles, surfaces or spaces to which they
are applied. Home and industrial care compositions
provided by the invention include: surface cleaning
compositions (for example, glass, floor, counter,
bath, toilet bowl, sink, appliance and furniture
cleaning compositions); deodorants (for example,
solid, liquid and spray deodorants air and/or surface
deodorants); disinfectants (for example, spray and
solid (including gel) air disinfectants; and spray,
solid, liquid and paste surface disinfectants); waxes
and other surface protecting and/or polishing
compositions; laundry compositions (for example
detergents, fabric softeners and whiteners); and rug
shampoos.In general, preparation of aqueous silver
dihydrogen citrate can be 



accomplished as follows. First, an aqueous electrolyte
solution comprising an appropriate concentration of
citric acid is prepared by mixing citric acid with an
appropriate amount of water to form an electrolyte
solution. The electrolyte solution is also referred to
herein as the "aqueous citric acid" or "aqueous citric
acid solution." The electrolyte solution is then
exposed to a pair of silver electrodes. In some
embodiments the anode is at least about 99.9% pure
Ag0. In some embodiments, both anode and cathode are
at least about 99.9% pure Ag0. In some embodiments,
pure Ag0 refers to about 99.99% pure Ag0, 99.999% pure
Ag0 or 99.9999% pure Ag0. In some embodiments, the
anode may be made of a higher purity elemental silver
(Ag0) than the cathode. A potential difference of
about 12 to 50 volts is applied between the anode and
cathode, whereby a current flows between the two
electrodes, and silver ion (Ag+) is released into the
aqueous citric acid. The silver ion (Ag+) is
stabilized in the aqueous citric acid. In some
embodiments, the concentration of citric acid required
to obtain a concentration of aqueous silver ion of
about 0.1% silver ion is about 10% acid by volume. An
advantageous range of concentrations for the citric
acid in the electrolyte is about 10% to about the
solubility limit of citric acid in water (i.e. about
52 g citric acid per 100 g of water at 200C). It has
been found that, in general, the greater the
concentration of citric acid in solution, the greater
the concentration of silver ion that is obtainable in
the solution. For example, while it has been shown
that it is possible to obtain a silver ion
concentration of about 0.1% Ag in a 10% aqueous citric
acid solution, lower concentrations of Ag+ ion can be
obtained using lower concentrations of citric acid,
whereas higher concentrations are obtainable using
higher concentrations of citric acid. It is thus
possible to adjust the upper limit of the silver ion
concentration in the aqueous citric acid by varying
the amount of citric acid in the electrolyte solution,
for example up to the maximum solubility of citric
acid in water. It is likewise possible to adjust the
final silver ion concentration in the aqueous citric
acid, up to such upper limit, by varying the potential
difference and/or the current flow between the
electrodes, as well as the length of time that the
voltage is applied to the electrodes while they are
exposed to the electrolyte. In some embodiments, the
aqueous silver dihydrogen citrate is combined with one
or more additional ingredients such as described in
more detail herein. Theinvention provides silver
dihydrogen citrate compositions in the form of
liquids, colloids, liposomes, gels, sols, pastes,
lotions, ointments, oils, and other physical forms. An
advantage of the inventive silver dihydrogen citrate
solution is that it provides stabilized silver ion in
an antimicrobially effective concentration over a
relatively long period of time, for example days,
months or years. Thus, the inventive compositions
comprising such silver dihydrogen citrate possess
antimicrobial preservative characteristics.
Additionally, in some embodiments, the silver
dihydrogen citrate is present in the inventive
composition at a concentration effective to confer an
antimicrobial effect on the 



user's person or environment (for example air, a
surface or clothing). Thus, in some embodiments, the
inventive compositions possess the advantage of
conferring on the user or the user's environment an
enhanced, improved or qualitatively different
antimicrobial effect than has been heretofore
available. The invention provides antimicrobially
effective silver dihydrogen citrate compositions
comprising silver ion at a concentration of at least
about 50 parts per billion (ppb), especially at least
about 100 ppb, and more specifically at least about 1
part per million (ppm). Exemplary antimicrobially
effective ranges of silver ion concentration are from
about 50 ppb to about 10,000 ppm, especially about 100
ppb to about 2,400 ppm, and more specifically about 1
ppm to about 1,000 ppm. These concentrations are based
on the weight of silver ion per unit volume of the
final composition (if liquid) or per unit weight of
the final composition (if solid). The term "silver
dihydrogen citrate" as used herein is distinguished
from other antimicrobial agents which may be added to
the inventive compositions in some embodiments. The
silver dihydrogen citrates of the present invention
are used alone or, in some embodiments, in combination
with one or more other antimicrobials and/or biocides,
for example as in-can preservatives for
microbe-susceptible water-containing products (such as
raw materials for cosmetic and pharmaceutical products
and for preservation of personal care products,
cosmetic products, toiletries, oral care products,
pharmaceutical products, household products such as
surface cleaners, softeners and detergents, industrial
and institutional products) and other products
containing water that need to be preserved to avoid
microbial spoilage.In some inventive embodiments,
cosmetic formulations or pharmaceutical compositions
that contain one or more silver dihydrogen citrates
according to the present invention may additionally
contain one or more further antimicrobial agents as
listed below. In some embodiments, antimicrobial
preparations are prepared by physically mixing the
inventive silver dihydrogen citrate (and optionally
other antimicrobial agents) with another active or
inert substance using customary methods, for example
by simply stirring together the individual components,
especially by making use of the dissolution properties
of already known antimicrobial agents. In some
embodiments, inventive cosmetic or pharmaceutical
preparations contain from 0.05-95% (volume/volume) of
the silver dihydrogen citrate-containing silver
dihydrogen citrate according to the present invention.
Some inventive cosmetic compositions also contain
other antimicrobial agents or mixtures of
antimicrobial agents in addition to the silver
dihydrogen citrate silver dihydrogen citrate. An
"antimicrobial agent" is an agent capable of eliciting
an antimicrobial effect. The invention provides
antimicrobial agents that have bacteriostatic,
bacteriocidal, virucidal, virustatic, fungicidal or
fungistatic activities. An "antimicrobial agent other 



than an alcohol" is an antimicrobial agent other than
one of the mono-hydroxy compounds conventionally known
as alcohols, such as ethanol, isopropanol, isobutanol
and phenol. Examples of "additional antimicrobial
agents" that are employed in some embodiments of the
present invention include: Pyrithiones, especially the
zinc complex (ZPT); Octopirox(r); Dimethyldimethylol
Hydantoin (Glydant(r));
Methylchloroisothiazolinone/methylisothiazolinone
(Kathon CG(r)); Sodium Sulfite; Sodium Bisulfite;
Imidazolidinyl Urea (Germall 115(r), Diazolidinyl Urea
(Germaill II(r)); Benzyl Alcohol;
2-Bromo-2-nitropropane-l,3-diol (Bronopol(r));
Formalin (formaldehyde); Iodopropenyl Butylcarbamate
(Polyphase P100(r)); Chloroacetamide; Methanamine;
Methyldibromonitrile Glutaronitrile
(l,2-Dibromo-2,4-dicyanobutane or Tektamer(r));
Glutaraldehyde; 5-bromo-5-nitro-l,3-dioxane
(Bronidox(r)); Phenethyl Alcohol;
o-Phenylphenol/sodium o-phenylphenol; Sodium
Hydroxymethylglycinate (Suttocide A(r)); Polymethoxy
Bicyclic Oxazolidine (Nuosept C(r)); Dimethoxane;
Thimersal; Dichlorobenzyl Alcohol; Captan;
Chlorphenenesin; Dichlorophene;Chlorbutanol; Glyceryl
Laurate; Halogenated Diphenyl Ethers;
2,4,4'-trichloro-2'- hydroxy-diphenyl ether
(Triclosan(r). or TCS);
2,2'-dihydroxy-5,5'-dibromo-diphenyl ether; Phenolic
Compounds; Phenol; 2-Methyl Phenol; 3-Methyl Phenol;
4-Methyl Phenol; 4-Ethyl Phenol; 2,4-Dimethyl Phenol;
2,5-Dimethyl Phenol; 3,4-Dimethyl Phenol; 2,6-Dimethyl
Phenol; 4-n-Propyl Phenol; 4-n-Butyl Phenol; 4-n-Amyl
Phenol; 4- tert-Amyl Phenol; 4-n-Hexyl Phenol;
4-n-Heptyl Phenol; Mono- and Poly-Alkyl and Aromatic
Halophenols; p-Chlorophenol; Methyl p-Chlorophenol;
Ethyl p-Chlorophenol; n-Propyl p-Chlorophen dl;
n-Butyl p-Chlorophenol; n-Amyl p-Chlorophenol;
sec-Amyl p- Chlorophenol; Cyclohexyl p-Chlorophenol;
n-Heptyl p-Chlorophenol; n-Octyl p- Chlorophenol;
o-Chlorophenol; Methyl o-Chlorophenol; Ethyl
o-Chlorophenol; n-Propyl o-Chlorophenol; n-Butyl
o-Chlorophenol; n-Amyl o-Chlorophenol; tert-Amyl o-
Chlorophenol; n-Hexyl o-Chlorophenol; n-Heptyl
o-Chlorophenol; o-Benzyl p- Chlorophenol;
o-Benxyl-m-methyl p-Chlorophenol; o-Benzyl-m;
m-dimethyl p-Chloro phenol; o-Phenylethyl
p-Chlorophenol; o-Phenylethyl-m-methyl p-Chlorophenol;
3- Methyl p-Chlorophenol; 3,5-Dimethyl p-Chlorophenol;
6-Ethyl-3-methyl p- Chlorophenol; 6-n-Propyl-3-methyl
p-Chlorophenol; 6-iso-Propyl-3 -methyl p-
Chlorophenol; 2-Ethyl-3,5-dimethyl p-Chlorophenol;
6-sec-Butyl-3 -methyl p- Chlorophenol;
2-iso-Propyl-3,5-dimethyl p-Chlorophenol;
6-Diethylmethyl-3 -methyl p- Chlorophenol;
6-iso-Propyl-2-ethyl-3-methyl p-Chlorophenol;
2-sec-Amyl-3, 5-dimethyl p-Chlorophenol;
2-Diethylmethyl-3,5-dimethyl p-Chlorophenol;
6-sec-Octyl-3 -methyl p- Chlorophenol;
p-Chloro-m-cresol: p-Bromophenol; Methyl
p-Bromophenol; Ethyl p- Bromophenol; n-Propyl
p-Bromophenol; n-Butyl p-Bromophenol; n-Amyl p-Bromo
phenol; sec-Amyl p-Bromophenol; n-Hexyl p-Bromophenol;
Cyclohexyl p-Bromophenol; o-Bromophenol; tert-Amyl
o-Bromophenol; n-Hexyl o-Bromophenol; n-Propyl-m,m-
Dimethyl o-Bromophenol; 2-Phenyl Phenol;
4-Chloro-2-methyl phenol; 4-Chloro-3- 



methyl phenol; 4-Chloro-3,5-dimethyl phenol;
2,4-Dichloro-3,5-dimethylphenol; 3,4,5,6-
Terabromo-2-methylphenol; 5-Methyl-2-pentylphenol;
4-Isopropyl-3 -methylphenol; Para-chloro-meta-xylenol
(PCMX); Chlorothymol; Phenoxyethanol;
Phenoxyisopropanol; 5-Chloro-2-hydroxydiphenylmethane;
Resorcinol and its Derivatives; Resorcinol; Methyl
Resorcinol; Ethyl Resorcinol; n-Propyl Resorcinol; n-
Butyl Resorcinol; n-Amyl Resorcinol; n-Hexyl
Resorcinol; n-Heptyl Resorcinol; n-Octyl Resorcinol;
n-Nonyl Resorcinol; Phenyl Resorcinol; Benzyl
Resorcinol; Phenylethyl Resorcinol; Phenylpropyl
Resorcinol; p-Chlorobenzyl Resorcinol; 5-Chloro
2,4-Dihydroxydiphenyl Methane; 4'-Chloro
2,4-Dihydroxydi rhenyl Methane; 5-Bromo
2,4-Dihydroxydiphenyl Methane; 4'-Bromo
2,4-Dihydroxydiphenyl Methane; Bisphenolic Compounds;
2,2'-Methylene bis-(4-chlorophenol); 2,2'-Methylene
bis-(3,4,6- trichlorophenol); 2,2'-Methylene
bis(4-chloro-6-bromophenol); bis(2-hydroxy-3,5-
dichlorophenyl)sulfide;
bis(2-hydroxy-5-chlorobenzyl)sulfide; Benzoic Esters
(Parabens); Methylparaben; Propylparaben;
Butylparaben; Ethylparaben; Isopropylparaben;
Isobutylparaben; Benzylparaben; Sodium Methylparaben;
Sodium Propylparaben; Halogenated Carbanilides;
3,4,4'-Trichlorocarbanilides (Triclocarban(r) or TCC);
3- Trifluoromethyl-4,4'-dichlorocarbanilide;
3,3',4-Trichlorocarbanilide; Chlorohexidine and its
digluconate; diacetate and dihydrochloride; Undecenoic
acid; thiabendazole, Hexetidine;
poly(hexamethylenebiguanide) hydrochloride
(Cosmocil(r)); other silver compounds except silver
dihydrogen citrate such as silver chloride including
formulations thereof such as JM Acticare and
micronized silver particles For the purpose of
preservation of cosmetic, pharmaceutical, household
and technical products, combinations of the silver
dihydrogen citrate-containing silver dihydrogen
citrate of the present invention with "other
antimicrobial preservatives" such as those of the
Annex VI of the European Cosmetic Directive (listed in
the following) show increased preservative efficacy:
formaldehyde; paraformaldehyde; hydroxy biphenyl and
its salts such as ortho-phenylphenol; zinc pyrithion;
chlorobutanol; hydroxy benzoic acids and their salts
and esters such as methyl paraben, ethyl paraben,
propyl paraben, butyl paraben; dibromo hexamidine and
its salts including isethionate (4,4'-
hexamethylenedioxy-bis(3 -bromo-benzamidine) and 4,4'
-hexamethylenedioxy-bis(3 - bromo-benzamidinium
2-hydroxyethanesulfonate); mercury, (aceto-O)phenyl
(i.e. phenyl mercuric acetate) and
Mercurate(2-),(orthoboate(3-)-O) rhenyl, dihydrogene
(i.e. phenyl mercuric borate);
l,3-bis(2-ethylhexyl)-hexahydro-5-methyl-5-pyrimidine
(Hexetidin); 5- bromo-5-nitro-l,3-dioxan;
2-bromo-2-nitro-l,3- rropandiol; 2,4-dichlorobenzyl
alcohol; 3,4,4' trichlorocarbanilide (Trichlorcarban);
p-chloro-m-cresol; 2,4,4' -trichloro 2- hydroxy
diphenylether (triclosap); 4,4'-dichloro 2-hydroxy
diphenylether; 4-chloro-3,5- dimethylphenol
(Chloroxylenol); imidazolidinyl urea;
poly-(hexamethylene biguanide) hydrochloride;
2-phenoxy ethanol (phenoxyethanol); hexamethylene
tetramine (Methenamine);
l-(3-chloroallyl)-3,5,7-triaza-l-azonia-adamantanchlor
ide (Quaternium 15);
l-(4-chlorophenyoxy)-l-(l-imidazolyl)3,3-dimethyl-2-bu
tanone (Climbazole); 1,3- 



bis(hydroxymethyl)-5,5-dimethyl-2,4-imidazolidinedione
(DMDM hydantoin); benzyl alcohol; l,2-dibrom
s-2,4-dicyano butane; 2,2'
methylene-bis(6-bromo-4-chloro
phenol)(bromochlorophene); methylchloroisothiazolone,
methylisothiazolone, octylisothiazolone,
benzylisothiazolone; 2-benzyl-4-chlorophenol
(Chlorophenone); chloracetamide; chlorhexidine,
chlorhexidine acetate, chlorhexidine gluconate,
chlorhexidine hydrochloride; l-phenoxy-propane-2-ol
(phenoxyisopropanol); 4,4-dimethyl-l,3- oxazolidine
(dimethyl oxazolidine); diazolidinyl urea; 4,4'-
hexamethylenedioxybisbenzamidine and 4,4'
-hexamethylenedioxybis(benzamidinium-2-
hydroxyethanesulfonate); glutaraldehyde
(1,5-pentanedial); 7-ethylbicyclooxazolidine; 3-
(4-chlorophenoxy)-l,2-propandiol (chlorophenesin);
phenylmethoxymethanol and
((phenylmethoxy)methoxy)-methanol (benzylhemiformal);
N-alkyl(Cl 2-C22)trimethyl ammoniumbromide and
-chloride (cetrimonium bromide, cetrimonium chloride);
benzyldimethyl-(
4-(2-(4-(l,l,3,3-tetramethylbutyl)-phenoxy)-ethoxy)-et
hyl)- ammonium chloride (benzethonium chloride);
Alkyl-(C8-C18)-dimethyl-benzylammonium chloride, -
bromide and saccharinate; (benzalkonium chloride,
benzalkonium bromide, benzalkonium saccharinate);
benzoic acid and its salts and esters; propionic acid
and its salts; salicylic acid and its salts; sorbic
acid and its salts; sodium iodinate; anorganic
sulfites and bisulfites such as sodium sulfite;
dehydroacetic acid; formic acid;
mercurate(l-ethyl)2-mercaptobenzoate(2-)-O,S-,hydrogen
e (Thiomersal or Thiomerosal); 10-undecylenic acid and
its salts; octopirox (piroctone olamine); sodium
hydroxy methylaminoacetate (sodium
hydroxymethylglycinate); silver compounds such as JM
ActiCare; and 3-iodo-2-propynyl butylcarbamate. The
invention further provides compositions contain other
antimicrobial agents, which include natural
antimicrobial actives that are natural essential oils
or derivatives thereof. These agents derive their
names from their natural occurrence in plants,
microorganisms or animals. Some natural essential oils
having antibacterial properties include oils of anise,
lemon, orange, rosemary, wintergreen, thyme, lavender,
cloves, hops, tea tree, citronella, wheat, barley,
lemongrass, cedar leaf, cedarwood, cinnamon,
fleagrass, geranium, sandalwood, violet, cranberry,
eucalyptus, vervain, peppermint, blue cypress, gum
benzoin, basil, fennel, fir, balsam, menthol, ocmea
origanum, Hydastis canadensis, Berberidaceae daceae,
Ratanhiae and Curcuma longa. Also included in this
class of natural essential oils are the key chemical
components of the plant, microbial or animal-derived
oils which have been found to provide the
antimicrobial benefit. These chemicals include, but
are not limited to anethol, catechole, camphene,
carvacol, eugenol, eucalyptol, ferulic acid, farnesol,
hinokitiol, tropolone,limonene, menthol, methyl
salicylate, thymol, terpineol, verbenone, berberine,
ratanhiae extract, caryophellene oxide, citronellic
acid, curcumin, nerolidol and geraniol, chitosans or
their derivatives. In order to achieve a broader
spectrum of antimicrobial activity, easier
incorporation and higher convenience for the
manufacturer of products for household applications
(e.g. surface cleaners, dishwashing agents, laundry
detergents, after rinses for 



fabric care) and Personal Care (e.g. soaps, leave on
products such as deodorants/antiperspirants, lotions
and creams of water in oil, oil in water type as well
as gels, tooth pastes and mouth washes), blends of
antimicrobial agents are offered which are used as a
preservative (for protection of the final household or
personal care product against microbial spoilage) or
as an antimicrobial agent which provides special
antimicrobial activity of the final product on animate
or inanimate surfaces. To achieve such concentrated
blends, biocidal substances listed herein as
"additional antimicrobial agents" and/or "other
antimicrobial preservatives" are mixed in a certain
ratio to obtain a raw material which can be used for
the formulation of personal care and household
products. In the following Table 1, representative
examples of such blends are listed. All biocidal
substances are selected from those disclosed herein as
"additional antimicrobial agents" and/or "other
antimicrobial preservatives". The concentrations of
these biocidal substances in the blends are between 1%
to 99% preferably between 10% to 90%. The use
concentration of these blends in household and
personal care products is typically in the range of
0.1% to 5% and preferred 0.2% to 2%.INTRINSIC GAUGING
FOR TUBE FITTINGS Related Applications [0001] This
application is a continuation in part of International
Application No. 03/07739 filed March 12, 2003, which
claims priority to United States Patent Application
Serial No. 10/095,841 filed March 12, 2002, now United
States Patent No. 6,640,457, which claims the benefit
of United States Patent Application Serial No.
09/924,030 filed on August 7, 2001 for INTRINSIC
GAUGING FOP TUBE FITTINGS, now United States Patent
No. 6,502,323, which is a continuation of 09/395,386
and is a continuation in part of International
Application No. 00/24900 filed September 12, 2000,
which is a continuation of 09/395,386 filed on
September 13, 1999 for INTRINSIC GAUGING FOR TUBE
FITTINGS, now United States Patent No. 6,279,242,
which also claims the benefit of United States
Provisional Patent Application Serial No. 60/159,965
filed on October 18, 1999 for TNTRTNSIC GAUGING FOR
TUBE FITTINGS, the entire disclosures of the
aforementioned patent applications all of which are
fully incorporated herein by reference. Technical
Field of the Invention [0002] The present invention
relates to tube fittings of the type that use one or
more ferrules for gripping a tube end, More
particularly, the invention relates to apparatus and
methods for visual verification that the fitting has
been properly pulled up.Background of the Invention
[0003] Ferrule-type tube fittings are well known in
the art. A two ferrule fitting that has been highly
successful for over 30 years is a sequential gripping
arrangement invented by Lennon, et al., United States
Patent No. 3,103,373, the entire disclosure of which
is fully incorporated herein by reference. [0004] In a
typical ferrule-type tube fitting assembly there is a
coupling arrangement that includes a coupling body and
a coupling nut that is threadably engaged with threads
on one end of the coupling body. The coupling body
includes a 



torquing flange, typically in the form of a hex shaped
flange. The coupling body at the other end may be
joined to or integral with another body, flow control
device and so on. The coupling body includes an
axially tapered opening or camming mouth and a
shoulder or stop axially spaced from the tapered
opening. Two gripping components or ferrules,
including a rear ferrule and a front ferrule, are
positioned within the coupling nut and are interposed
between the coupling body and the coupling nut. The
tapered front end of the front ferrule initially
engages the camming mouth of the coupling body and a
tapered front end of the rear ferrule initially
engages a camming surface at the back end of the front
ferrule. The coupling nut has a shoulder that
drivingly engages a back wall of the rear ferrule. A
tube end is axially inserted into the fitting until
the tube end abuts the inner shoulder stop of the
coupling body. Upon relative rotation of the coupling
body and nut which drives the coupling components
axially towards each other, the tapered ferrules are
axially pulled together, commonly referred to in the
art as being "pulled-up", and radially displaced
inwardly to cause a sequential inward gripping of the
tube. The ferrules tightly grip the tube wall due to
the swaging action.[0005] Typically, a tube fitting
assembly such as described above, is shipped to a
customer in an assembled condition with the ferrules
installed in the coupling nut and the coupling nut
threaded onto the coupling body to a finger tight
condition. The assembler then slips a tube end axially
into the fitting until it bottoms or abuts the inner
stop shoulder on the coupling body, With the fitting
in an initial finger tight condition, the assembler,
using a wrench or spanner or the like for example,
then imparts a relative rotation between the coupling
body and the coupling nut for a predetermined rotation
to complete the installation. For smaller tube
fittings, for example tube fittings used on
one-quarter (1/4) to one (1) inch tubing, there is
typically a relative rotation of one and a quarter
"turns past finger tight" ("TPFT") position to achieve
proper initial pull-up. [0006] The number of turns to
properly pull-up a fitting assembly is determined by a
number of factors including the thread pitch and the
proper axial displacement of the coupling nut relative
to the coupling body to insure that the ferrules are
properly swaged onto the tube wall. Although the
various parts of the fitting are machined with high
precision and assembled to a finger tight position, it
still can be difficult to keep track of the number of
rotations and fractions thereof to pull-up the
fitting. Many times the fitting is being installed in
an area with limited clearance for the wrench, thus
necessitating a number of separate wrenching
operations for one complete rotation. [0007] A
successful and commonly used solution to verifying
proper pull-up is a NO-GO gauge as described in United
States Patent Number 3,287,Sl 3 to Lennon et al., the
entire disclosure of which is fully incorporated
herein by reference. This gauge effectively verifies
that the gap or relative spacing between the coupling
body 



flange and the forward end of the coupling nut is of
the correct dimension. Theassembler first imparts the
required relative rotation between the coupling nut
and body. If the gauge cannot fit between the body and
the coupling nut, the assembler knows that the nut has
at least been properly pulled-up. [OOOS] Although the
gauging tool described above continues to enjoy
excellent commercial success and use, there are
applications where the use of the gauge may be an
inconvenience. Of particular interest is the need for
a gauge that does not necessarily require a separate
gauge tool, but rather could be intrinsically part of
the fitting, [0009] Additionally, the NO-GO gauge is
used principally for initial pull-up of the fitting
assembly, In some cases, a coupling may b e
disassembled by unthreading the coupling nut from the
body for repair or replacement of the device joined to
the tube end. During remake of the fitting, typically
the relative rotation between the coupling nut and
body requires fractionally more rums than is required
for initial pull-up, or in other words the axial
displacement of the coupling nut towards the coupling
body is slightly greater each pull-up compared to the
previous pull-up operation, A manufacturer may
determine a recommended number of remakes or axial
displacement of the coupling nut with respect to the
coupling body based on a predetermined amount or axial
displacement beyond the initial pull-up position. The
design factors taken into consideration may include
the pressure and temperature ratings for the fitting,
the materials used in the tubing and the fitting
components and so on. [0010] The actual number of
remakes a given fitting assembly can undergo and still
exhibit acceptable performance characteristics may be
significantly higher than a recommended distance of
additional axial displacement past the initial pull-up
position, but it may still be desirable in some cases
to be able to provide an indicationto the assembler
that the fitting assembly has been remade a number of
times so as to have advanced the coupling nut and body
together a predetermined axial displacement beyond
initial pull-up. Since the hand gauge discussed above
necessarily has a fixed axial dimension, it is not
useful for verifying additional axial displacement for
remade fittings. [0011] It is therefore an objective
of the present invention to provide apparatus and
method for verifying proper pull-up of a ferrule-type
tube fitting for initial pull-up. It is another
objective to provide apparatus and method that
verifies proper initial pull-up and also can be used
to provide an indication that the fitting has been
remade a number of times so as to indicate a
predetermined axial displacement of the coupling nut
relative to the coupling body. Summary of the
Invention [0012] To the accomplishment of the
aforementioned and other objectives, and in accordance
with one embodiment of the invention, an intrinsic
gauging device includes a precisely formed and
positioned marking on the coupling body that is 



visually perceptible when the coupling is in a finger
tight position, and that is covered or visually
imperceptible when the fitting has been properly
pulled-up. In a preferred form, the marking is
realized as a precision groove or recess machined into
a surface of the coupling body, The groove can be made
more visually perceptible such as by roughening or
knurling the surface, or coloring the surface, for
example. Use of the intrinsic gauge thus avoids the
need to count or remember the number of relative
rotations and fractional rotations imparted to the
coupling nut and body. The position of the marking
corresponds to a predetermined axial displacement of
the coupling nut relative to the coupling body for
initial pull-up.[0013] The invention further
contemplates the methods embodied in the use of such
an intrinsic gauging device, as well as in another
embodiment, a method for gauging proper pull-up of a
coupling nut on a coupling body in a ferrule type
fitting, the method including the steps of positioning
a visually perceptible marking on the coupling body;
forming the marking with an axial length that
corresponds to a predetermined axial displacement of
the coupling nut relative to the coupling body;
assembling the fitting to a finger tight condition;
and tightening the coupling nut onto the coupling body
until the marking is just hidden from view by the nut.
[0014] In accordance with another aspect of the
invention, the marking may be formed with a
predetermined axial dimension and precisely located on
the coupling body so that upon proper initial pull-up
the coupling nut aligns with a leading edge of the
marking; and upon a predetermined additional axial
displacement of the coupling nut relative to the
coupling body during subsequent remakes, the nut
covers the marking or aligns with a trailing edge of
the marking. [0015] The present invention also
contemplates apparatus and methods for verifying
initial pull-up and remake positions by providing a
device installed on the fitting or formed integral
therewith that changes shape or is altered in a
visually perceptible way when a fitting has been
initially pulled-up. In another aspect of the
invention, a device is provided that provides visual
indication of the initial pull-up position and
additional axial displacement of the nut upon remakes
of the fitting wherein the device is installed on the
fitting or formed integral therewith and changes shape
or is altered in a visually perceptible way when a
fitting has been initially pulled-up and remade so as
to cause additional axial displacement of the nut onto
the body. In a further aspect of the invention, a
visually perceptible marking is applied to the tubing
to provide a visual indication that the nut has been
installed to the initialpull-up position and to a
position that is axially advanced a predetermined
axial displacement beyond the initial pull-up
position. [0016] These and other aspects and
advantages of the present invention will be apparent
to anyone skilled in the art from the following
description of the preferred embodiments in view of
the accompanying drawings. Brief Description of the
Drawings [0017] The invention may take physical form
in certain parts and 



arrangements of parts, preferred embodiments and a
method of which will be described in detail in this
specification and illustrated in the accompanying
drawings which form a part hereof, and wherein: [0018]
Fig. 1 is a ferrule-type fitting that incorporates an
intrinsic gauge feature in accordance with the
invention, the fitting being shown in longitudinal
crosssection in a finger tight position; [0019] Fig. 2
is the fitting of Fig. 1 shown in a proper pulled-up
condition; and [0020] Fig. 3 illustrates an
alternative embodiment in which a marking is in the
form of a raised portion; [0021] Fig. 4 illustrates an
alternative embodiment in which a raised portion
defines leading and trailing edges; [0022] Fig. 5
illustrates a marking that is spaced from the body
threads; [0023] Fig. 6 illustrates a marking in the
form of two raised portions; [0024] Fig. 7 illustrates
a raised marking that is in the form of a step; [0025]
Fig. 8 illustrates a marking that is a cylindrical
portion axially adjacent a tapered body neck;[0026]
Fig. 9 illustrates a marking formed as a tapered
portion of the body neck; [0027] Fig. 10 illustrates
use of threads as a marking; [0028] Figs 1IA-H
illustrate various marking groove profiles; [0029]
Fig. 12 illustrates a marking in the form of a band;
[0030] Fig. 13 illustrates a marking in the form of a
band that has a raised lip or edge; [0031] Fig. 14
illustrates a marking in the form of a band having two
raised portions; [0032] Fig. 15 illustrates a marking
in the form of two portions that overlap in a
predetermined manner; [0033] Fig. 16 illustrates a
marking in the form of overlapping bands in which a
larger diameter band slides over the other; [0034]
Fig. 17 illustrates the use of a viewing window to
observe the marking; [0035] Fig. I S illustrates a
band that changes shape as a visual indication
marking; [0036] Figs. 19, 19A and 19B illustrate a
marking in the form of collapsible tabs; [0037] Fig.
20 illustrates an alternative embodiment that uses a
modified nut; [0038] Figs. 2 1A-D illustrate an
embodiment that uses a collapsible ring; [0039] Fig.
22 illustrates a ring that uses collapsible tab
extensions; [0040] Figs 23A and 23B illustrate an
embodiment in which the marking is formed on the
tubing; [0041] Fig. 24 illustrates a marking tool for
the embodiment of Fig. 23;[0042] Figs. 25 and 26
illustrate embodiments that use rotational position 



indicators; [0043] Figs. 27 and 28 illustrate use of
the invention with a traditional T style fitting body;
[0044] Fig. 29 illustrates another embodiment using
laser etching; and [0045] Figs. 3OA and 30B illustrate
additional embodiments of the invention; [0046] Fig. 3
1 illustrates another embodiment employing a
female-type coupling assembly; [0047] Fig. 32
illustrates another embodiment with a threaded stub
member including intrinsic gauging; [0048] Fig. 33
illustrates a fitting and tool for assembling such
fitting, Detailed Description of the Preferred
Embodiments [0049] With reference to Fig. 1, the
invention will be described herein in an exemplary
manner as being incorporated into a standard two
ferrule style tube fitting assembly, However, this
description is intended to be exemplary in nature to
explain and illustrate the concepts and advantages of
the present invention, and therefore should not be
construed in a limiting sense. Persons of mere
ordinary skill in the art will readily understand and
appreciate that the invention can be put to practice
in a wide variety of tube fittings and couplings that
are relatively rotated to make up the assembly. For
example, and not for purposes of limitation, the
present invention can conveniently be used in a single
ferrule tube fitting or with any two part coupling in
which proper assembly is determined in part by
relative rotation between two threaded parts. [0050]
The standard fitting assembly 10 includes a coupling
body 12 and a coupling nut 14. The coupling body 12
includes a first end 16 that is externallythreaded as
at IS. The coupling nut is internally threaded as at
20 and the nut 14 can be easily installed on the
coupling body 12 by relative rotation between the body
12 and the nut 14. The term "relative" rotation is
used herein because although a typical assembly
procedure for the fitting 10 involves restraining the
body 12 against rotation and turning the nut 14 with a
wrench, such a procedure is not required to practice
the present invention. It is contemplated that the
body 12 could be rotated while holding the nut 14
stationary, or alternatively, rotational movement
could be applied to both the nut and body to rotate
them in opposite directions at the same time to make
up the fitting 10. The body and nut are typically
provided with hex shaped portions 22, 24 respectively
to assist in the use of a wrench or other tool to
impart the relative rotation. [0051] The threaded end
16 of the body 12 has a central bore or passageway 26
that extends longitudinally all the way through the
coupling body 12. This bore 26 is formed with a
tapered camming mouth 28 at the forward end of the
coupling body 12. The coupling body 12 includes an
inner shoulder 30 such as a counterbore that is
axially spaced from the camming mouth 28. 



[0052] The fitting assembly 10 further includes a
front ferrule 32 and a rear ferrule 34. The front
ferrule 32 has a tapered nose portion 36 that engages
the tapered camming mouth 28 of the coupling body 12.
The front ferrule 32 also is formed with a tapered
camming mouth 38 at the back end thereof. The rear
ferrule 34 includes a tapered nose portion 40 that
engages the tapered camming mouth 3S of the front
ferrule 32. All of the fitting 10 components are
commercially available from Swagelok Company, Solon,
Ohio. [0053] The fitting assembly 10 is illustrated in
Fig. 1 in the "finger tight position" or FTP as the
fitting would typically be received from the
manufacturer.The drawing also illustrates the fitting
10 after a tube end A has been inserted into the
fitting 10. Since the coupling components 12, 14 are
only finger tight, the tube end A easily slides into
the fitting assembly 10 until the tube end wall B
abuts the inner shoulder 30 of the coupling body 12.
The front and rear ferrules 32, 34 both have generally
cylindrical bores 32a and 34a respectively that are
closely received about the tubing outer wall C. [0054]
It is important to note that the present invention is
not limited to the ferrule geometry illustrated in the
drawings. Many different ferrule configurations can be
used with the present invention. [0055] The coupling
nut 14 includes an inwardly extending shoulder 42 that
serves as a driving surface that engages the back wall
34b of the rear ferrule 34. As the coupling nut 14 is
tightened down onto the coupling body 12, the rear
ferrule 34 is driven forward into the camming mouth at
the back end of the front ferrule 32 and a sequential
gripping operation takes place as described in the
above referenced patents to cause inward radial
displacement of the ferrules 32, 34 to swage them into
a strong and fluid tight grip on the tube wall C (see
Fig. 2). [0056] The relative axial displacement of the
coupling nut 14 onto the coupling body 12 is related
to the number of complete and fractional relative
rotations between the body 12 and the nut 14. The nut
14 is advanced far enough relative to the body 12 to
impart a strong gripping action by the ferrules 32, 34
on the tube wall C. Accordingly, a typical assembly
instruction would indicate the number of full and
fractional turns to impart, for example, to the
coupling nut 14 while holding the coupling body 12
stationary. [0057] As technology advances in the
materials and design of the fitting 10 components, the
torque needed to make up the fitting 10 tends to
decrease, Forexample, this decrease in make-up torque
can result from improvements that reduce galling
between the nut 14 and the rear ferrule 34. Whatever
the reason may be, reduced torque makes it easier for
an assembler to inadvertently advance the nut 14
axially beyond the point sufficient for initial
pull-up of the fitting 10. Over advancing the nut 14
relative to the body 12 beyond this point is typically
accommodated by the fitting design due to the
desirability in some applications to permit remakes.
However, such over advancing of the nut 14 onto the
body 12 during initial pull-up 



reduces the additional relative axial displacement
available for subsequent remakes, which thus in turn
reduces the available number of remakes. [0058] In
accordance with a feature of the invention, an
intrinsic gauging device is provided on the coupling
body 12. By "intrinsic gauging" is simply meant that
the gauge device and/or function or methodology is
inherently embodied in or assembled to or installed on
one or more of the fitting components and therefore
can be used without any external or separate gauging
tool. In the preferred but not required form, the
intrinsic gauge is realized as a precisely positioned
visually perceptible marking on the coupling body 12.
In this exemplary embodiment, the marking is a
precision machined groove or recess 50 formed in the
coupling body neck 52. More preferably, the groove 50
is positioned adjacent to or near the end thread 54 of
the threaded body 12. The groove 50 has a leading edge
50a and a trailing edge 50b. The groove 50 is visually
perceptible to an assembler when the fitting is in the
FTP as illustrated in Fig. 1. The groove 50 is
preferably but again not necessarily circumferential.
Alternatively, for example, the groove 50 could be
formed in arcuate sections about the body neck 52.
Virtually any geometric shape could be machined into
the body 12 to form the marking 50 so long as it has a
welldefined and visually perceptible edge or edges or
other suitable demarcation, as will be apparent from
the following discussion. [0059] The axial position 56
of the trailing edge 50b of the groove 50 is precisely
machined so that when the fitting 10 has been properly
and initially pulledup, as illustrated in Fig. 2, the
coupling nut forward end 14a substantially aligns with
the edge 50b and the nut 14 substantially obstructs
visual perception of the groove 50, particularly from
a lateral viewing angle relative to the longitudinal
axis X of the fitting 10. The precise location and
positioning of the trailing edge 50b is used as a
marker so that the assembler can pull-up the fitting
10 by advancing the coupling nut 14 relative to the
coupling body 12 to the proper initial position,
referred to herein as the "predetermined initial
pull-up". This predetepnined initial pull-up condition
corresponds to a predetennined initial axial position
of the nut 14 relative to the body 12 for initial
pull-up to swage the ferrules 32, 34 onto the tube
wall C. To aid in the visual perception of the groove
50 before the assembly is in the pulled-up condition,
the groove 50 can be colored as by applying a paint or
other coloring material to the visually perceptible
surface, such as the bottom groove surface 58. For
example, an adhesive strip with a suitable color can
be placed in the groove 50. Still further, the groove
surface 58 could be knurled or otherwise changed in
texture or appearance to be easily seen to the human
eye. Further still, a snap ring may be installed into
the groove 50. [0060] Still as another alternative to
forming a groove 50, a machined band could be formed
in or on the neck 52, such as again by knurling,
stippling, roughening and so forth. 



[0061] For the initial pull-up gauging aspect of the
invention, the use of a groove improves visual
perception of the edge 50b. Those skilled in the art
willreadily appreciate that the marking 50 may be
realized in the form of any suitable edge, line or
other demarcation either raised or recessed in the
coupling body 12 or applied to .the coupling body 12
and that is visually perceptible during pull-up to
indicate to the assembler that the predetermined
initial pull-up position has been reached and
therefore further advancing of the nut 14 is no longer
required. Of course, the assembler can still rotate
the nut 14 past this position, but in any case the
intrinsic gauge has provided the indication that the
nut 14 has been pulled up to at least the initial
pull-up position. [0062] As an exemplary assembly
procedure and method for intrinsic gauging, the
assembler installs the tube end A into the fitting.
Using a wrench or other suitable tool the coupling
body 12 is held stationary and the coupling nut 14
rotated until the marking 50 is just obstructed from
view. For embodiments that use a simpler demarcation
for the marking 50, the nut 14 is rotated until the
edge 14a of the nut substantially aligns with the
marking 50. Therefore, with the present invention
there is no need to count or keep track of the number
of complete and fractional relative rotations between
the body 12 and the nut 14. [0063] For fittings 10
that will be made and remade, the leading edge 50a can
also be precisely axially positioned so that in the
FTP the leading edge 50a will be axially spaced from
the forward end 14a of the nut 14. The leading edge
50a is positioned such that when the proper pull-up
has been effected, the forward end 14a of the nut 14
aligns with the leading edge 50a. During subsequent
remakes, the nut 14 axially advances a little further
each time to achieve proper pull up. After a
predetermined number of remakes the forward end 14a of
the nut 14 aligns with the trailing edge 50b of the
marking 50, thereby substantially covering the marking
50, and the assembler knows that the fitting 10 has
been remade to the point where thecoupling nut 14 has
been axially advanced a predetermined amount relative
to the coupling body 12 past the initial pull-up
condition. The axial length between the leading and
trailing edges 50a, 50b of the marking 50 can be
determined from design analysis and empirical data so
that the marking 50 becomes covered by the nut 14
after a number of remakes that corresponds to a
predetermined advance of the coupling nut 14 relative
to the coupling body 12 beyond the predetermined
initial pull-up position. Although the precise
distance Y can be determined and machined into the
body 12 if required, precise location of the trailing
edge is not necessarily required to practice the
present invention. This is because in some
applications it may only be required to give a close
approximation of the desired additional axial
displacement beyond the initial pull-up position.
[0064] Regardless of its form, the marking 50 can be
precisely machined based on the machining profile of
the body 12 so that the marking provides an accurate
and permanent visually perceptible indicia for
determining proper pull-up of 



the fitting 10. [0065] With reference to the remaining
figures, we illustrate a variety of different
embodiments of the invention. These variations are
intended to be exemplary in nature and should not be
construed in a limiting sense as to the scope of the
invention. Where like parts are used for the fitting
10, such as the body, nut and ferrules, like reference
numerals are used for the corresponding parts
described hereinabove with respect to the embodiment
of Figs. 1 and 2 . [0066] In Fig. 3 then, the marking
50 is realized in the form of a raised portion 100 of
the neck 52 on the body 12. The raised portion 100 may
be colored or otherwise treated to be visually
perceptible to the fitting assembler. The raised
portion 100 defines an edge 102. The nut 14 (omitted
in Fig. 3) is installed onto thebody 112 until the nut
back end 14a covers the raised portion 100. In this
condition the nut 14 will at least be aligned with or
cover the edge 102. This edge 102 then corresponds to
the desired initial pull-up position of the nut, in a
manner similar to the trailing edge 56 in Fig. 1. In
Fig. 3, the raised portion 100 is formed adjacent the
back end of the body threads 18; however, the precise
position of the marking 50 will be determined for each
size fitting as previously described hereinabove.
[0067] In the embodiment of Fig. 4, the raised portion
100 defines a leading edge 104 and the edge 102 is a
trailing edge relative to the leading edge 104. The
leading edge 104 is positioned so as to correspond to
an initial proper pull-up position, and the trailing
edge 102 is positioned and used to indicate to the
assembler during subsequent remakes of the fitting
that the nut has axially advanced a predetermined
distance "Y" past the initial pull-up position. When
the nut 14 aligns with the trailing edge 102, the
assembler knows that the fitting 10 has been remade
the number of times that corresponds to the
predetermined axial distance of movement of the nut
past the initial pull-up position. [0068] It is
important to note that in the various embodiments
herein, although a marking 50 may be used to indicated
the target initial pull-up position, precise alignment
of the nut 14 with the marking is not required. The
assembler, for example, may go past the initial
pull-up position marking, either intentionally or
inadvertently. Thus, the present invention
contemplates that the leading edge of the marking, in
the example of Fig. 1 for example, provides a visual
indication to the assembler that if the nut 14 is
installed at least to that position, then the initial
pull-up position has been achieved. Therefore, the
distance "Y" illustrated herein is not necessarily
limited to the distance between two edges or
demarcations of the marking 50, but more descriptively
should be understood to be the distance of additional
axial displacementof the nut 14 during remakes from
the initial pull-up position, whether the initial
pullup position corresponds to precise alignment of
the nut 14 with the target initial pullup position 56
or to an initial pull-up position somewhat axially
beyond the target position. Thus, for example, in Fig.
4, the axial length of the raised portion 100 provides
a visual indication to the assembler that for initial
pull-up the nut front end 



14a should be advanced at least to the leading edge
104, but could also be advanced to a position within
the axial length of the portion 100. The trailing edge
102 of the portion 100 thus being used as a visual
indication of an additional axial displacement
distance beyond the target initial pull-up position
56. [0069] Fig. 5 is similar to Fig. 3 but with the
raised portion 100 axially spaced from the body
threads 18 for some sizes of fittings. [0070] In the
embodiment of Fig. 6, the marking 50 two raised
portions 110, 112 are formed on the body neck 52. The
first or leading raised portion 110 is used to
indicate the initial pull-up position, while the
second raised portion 112 is used to indicate during
subsequent remakes that the nut (not shown) has
axially advanced a predetermined distance Y from the
initial pull-up position 56. Note that in Fig. 6 the
initial pull-up position corresponds to a trailing
edge 110a of the raised portion 110 so that the raised
portion 110 is substantially covered when the nut is
in the initial pullup position; and further that the
additional pull-up position indication corresponds to
a trailing edge 112a of the second raised portion 112
so that the second raised portion 112 is substantially
covered when the nut has advanced axially a
predetermined distance from the initial pull-up
position. As with all the embodiments herein, the
raised surfaces of the portions 110, 112 can be
treated with color or roughening or otherwise to aid
in the visual perception of the marking 50.[0071] In
the embodiment of Fig. 7, the marking 50 is realized
in a manner similar to Fig. 4 except that the marking
50 is formed as a step 120 in the neck 52 of the body
12. The step 120 forms a leading edge 120a and a
trailing edge 120b that are used for the initial
pull-up position 56 and to indicate the distance Y
during subsequent remakes of the fitting. [0072] In
the embodiment of Fig. 8 the neck 52 of the body 12 is
tapered axially as at 52a. The neck 52 tapers to a
cylindrical portion 130 that in this embodiment is
positioned adjacent the back end of the body threads
18. The marking 50 is thus realized in the form of the
cylindrical portion 130 that is visually perceptible.
The nut is advanced onto the body 12 until the marking
50 is substantially covered by the nut, thus
indicating that the nut is in the initial pull-up
position. [0073] In the embodiment of Fig. 9, the neck
52 of the body 12 is tapered axially over a
predetermined portion 140 of the neck 52. The tapered
portion 140 is axially adjacent a groove 142 thus
defining an edge 144 between the groove 142 and the
tapered portion 140. The edge 144 corresponds to the
initial pull-up position 56 so that the groove 142 is
substantially covered by the nut 14 when the nut has
been installed to the initial pull-up position 56. The
axial extent of the tapered portion 140 defines the
distance Y for further predetermined axial
displacement of the nut 14 during subsequent remakes
of the fitting, so that the tapered portion 140 is
substantially covered by the nut when the nut has
advanced the distance Y during 



subsequent remakes. The marking 50 in this embodiment
thus comprises the groove 142 and the tapered portion
140, [0074] In the embodiment of Fig. 10, the threads
18 of the body 12 are precisely machined so that the
back end 18a of the threads 18 corresponds to
theinitial pull-up position 56. In this embodiment
then, the marking 50 is realized in the form of the
end of the threads 18. [0075] Figs. 11A-IlF illustrate
various groove shapes or geometry formed in the neck
52 of the body 12 that can be used for the marking 50
in the various embodiments of the invention herein
that use grooves. These are intended to be exemplary
in nature to illustrate that the particular groove
shape is not critical to the practice of the present
invention. In particular, Fig. 1IH illustrates a
groove having an elliptical edge. [0076] Fig. 12
illustrates an embodiment of the intrinsic gauge
invention that uses a band that is installed on the
neck of the body 12 rather than a machined groove or
raised portion of the neck 52. The band 150 may be
colored or otherwise visually perceptible, and is thin
enough so that the nut 14 (not shown) can easily
extend over the band 150. The band 150 includes a
visually perceptible marking 50 that defines a leading
and trailing edge 50a and 50b to correspond with the
initial pull-up position 56 and a predetermined axial
distance Y of movement of the nut during subsequent
remakes. Fig. 13 illustrates another version of this
concept in which the band 150 includes a raised lip
152 that defines an edge 154 that corresponds to the
initial pullup position 56 of the nut 14. Fig. 14
illustrates another embodiment in which the band 150
includes first and second raised portions 160, 162.
These raised portions 160, 162 define corresponding
edges 160a and 162a that indicate the initial pull-up
position 56 and the predetermined axial distance Y
during subsequent remakes, respectively. Again, as
noted herein before, the distance Y can correspond to
the axial distance between the initial pull-up target
position 56 and the additional axial displacement
position (50b in Fig. 12 or 162a in Fig, 14, for
example) or cancorrespond to axial distance between
the actual initial pull-up position the nut 14 is
turned to on the body 12 and the additional
displacement position. [0077] Fig. 15 illustrates
another embodiment of the invention. In this example,
a generally cylindrical body band or sleeve 200 is
attached to the fitting body 12. The body band 200
extends axially to a position 202 that is precisely
determined to correspond to the initial pull-up
position 56 of the nut 14 on the body 12. The fitting
nut 14 includes a nut tab 204 that is attached to the
forward end of the nut 14a. The nut tab 204 is formed
with an outer diameter that is less than the inner
diameter of the body band 200 and has a rear end 204a.
As the nut 14 is advanced onto the body threads I S by
relative rotation between the nut 14 and the body 12,
the nut tab 204 advances toward the body band 200.
When the tab back end 204a aligns with the forward end
202 of the body band 200, the assembler knows that the
nut 14 is in the initial pull-up position. Optionally,
the axial dimension of the tab 



204 can be predetermined to correspond to the axial
distance Y that the nut advances during subsequent
remakes of the fitting 10. In this alternative
situation, the nut 14 is advanced during subsequent
remakes until the forward end 202 of the body band 200
covers the tab 204 or hits the forward end 14a of the
nut 14. [0078] In the embodiment of Fig. 16, the nut
tab 204' is dimensioned with an outer diameter that is
greater than the outer diameter of the body band 200.
In this case, as the nut 14 is advanced onto the body
14 threads, the tab 204' can slide over the body band
200'. Initial pull-up position is indicated when the
tab 204' aligns with the forward end 202' of the body
band 200. [0079] In the embodiments of Figs. 15 and
16, the bands 200, 200' can be made of metal such as
stainless steel for example. The bands can be attached
to ormachined from the body 12. The nut tabs 204, 204'
can also be machined as part of the nut 14. [00SO] In
another embodiment illustrated in Fig. 17, the marking
50 is positioned on the body 12 adjacent the threads
18. The marking 50 may be a band or a machined
surface, groove or other suitable marking that is
visually perceptible. Preferably the marking 50
extends continuously and circumferentially about the
body neck 52, In this example, a radial viewing window
220 is provided through the nut 14. The nut 14 is
installed onto the nut body 12 until the marking 50 is
first visible in the window 220. This position
corresponds to the initial pull-up position. The axial
length of the marking 50 can also be selected to
correspond to a predetermined axial displacement Y of
the nut 14 during subsequent remakes of the fitting
10. When the nut 14 advances to a point where the
marking 50 is no longer visible in the window 220,
then the assembler knows that the nut 14 has been
axially advanced the predetermined distance Y. [0081]
In the embodiments described thus far, the intrinsic
gauge is realized in the form of a marking 50 having
one or more demarcations that are initially visually
perceptible and that become visually aligned or
imperceptible at the initial pull-up position or the
additional axial displacement position. The general
concepts of the present invention can also be realized
in alternative ways that incorporate additional
features of the fitting 10. These alternative
embodiments are also referred to herein as intrinsic
gauging because they can be incorporated into the
fitting assembly 10 and used without the need for a
separate or external gauging tool. [0082] With
reference to Fig. 18 then, a raised band 300 such as a
metal stamping is positioned on the body neck 52. The
free end 302 of the band 300 is raised so that the
forward end 14a of the nut 14 engages with the band
300 anddisplaces it when the nut 14 has reached the
initial pull-up position 56. The band 300 may also be
made to break away when the nut 14 reaches the initial
pull-up condition or when the nut 14 has been further
advanced axially a predetermined distance Y during
subsequent remakes of the fitting. [0083] With
reference to Fig. 19, the present invention may be
realized using 



collapsible tabs. In this example, an indicator ring
400 (Fig. 19B) is installed on the body 12 about the
neck 52. The indicator ring 400 includes a plurality
of axially extending tabs 402. Each tab 402 includes
in this example a radial flange 403. The forward face
404 of each flange 403 is precisely position to
correspond with the initial pull-up position 56 for
the nut 14. [0084] For initial pull-up, the nut 14 is
installed onto the body 12 until the forward end 14a
of the nut 14 contacts or aligns with the forward face
404 of the tabs 402 (Fig. 19B). Over make is avoided
by the visual indication to the assembler that the nut
14 has contacted the ring 400, specifically the
flanges 403. If the nut 14 continues to be turned
relative to the body 12, the tabs 402 will begin to be
collapsed or bent inwardly. This compressing of the
tabs 402 can be used as an indicator of the additional
axial displacement distance Y during subsequent
remakes if so required. In such case, during
subsequent remakes, the additional axial advancement
of the nut 14 onto the body 12 will cause further
compression or collapse of the tabs 402. Complete
compression of the tabs 402 can be used as a visual
indication that the nut 14 has advanced a distance Y
beyond the initial pull-up position 56. [0085] With
reference to Fig. 20, the invention is illustrated in
use with a modified nut 450. All aspects of the
fitting 10 and the marking 50 are the same as the
embodiment of Figs. 1 and 2 for example, but the nut
450 has been modified so that the hex faces 452 are
formed on the tube end of the nut rather than the body
end. Inthis manner, the nut 450 has a reduced diameter
454 adjacent the region of the marking 50, making the
marking easier to visually detect and also improving
visual accuracy of determining alignment of the nut
end 456 with the marking 50. [0086] Figs. 21A-C
illustrate another embodiment of the invention that
uses an attachable ring 500. The ring 500 is
preferably metal and can be attached by any suitable
method. The ring 500 is characterized by a rigid body
502 and a compressible or collapsible portion 504. The
compressible portion 504 in this example includes a
thin wall 506 attached to the rigid body 502 by a
number of thin web-like legs 508. The legs 508 can be
formed by machining holes in a cylindrical wall of the
collapsible portion 504. [00S7] Fig. 21A illustrates
the fitting 10 in the finger tight position. In Fig. 2
IB, the nut 14 has been installed onto the body 12 to
a position whereat the forward wall 506 contacts a
forward face 12b of the body 12. This may be used as
the initial pull-up position. During subsequent
remakes the thin webs 508 will collapse as the nut is
axially advanced further with each remake, as
illustrated in Fig. 21C. Complete compression of the
legs 508 can be used as a visual indication of the
additional axial displacement position for the
assembler and can also be used as a positive stop to
prevent further remakes if so required. [0088] In the
embodiment of Figs, 21D-F, a compressible stop collar
850 is installed on the body 12 in a manner that
allows the collar 850 to spin freely when the 



fitting has not been made up, such as, for example, by
allowing for an axial gap 852 between the collar 850
and the nut 14 before the nut 14 is installed to the
finger tight position (Fig. 21E). In Fig. 21E5 the nut
14 has been installed to the finger tight position
such that a forward wall 14a of the nut touches the
collar 850. This contact between the nut 19 and the
collar 850 prevents or restricts the collar 850
fromspinning freely and can thus be used as an
indication of proper initial pull-up. Upon subsequent
remakes, as illustrated in Fig. 21F, as the nut 14
further advances axially beyond its initial pull-up
position, the collar 850 includes a thin extension or
series of tabs 854 that are crushed or otherwise
collapse at a predetermined axial advance of the nut
14. For clarity the ferrules are omitted from Figs.
21E, F. [0089] Fig. 22 illustrates another embodiment
for the collapsible portion 504'. In the example of
Fig. 22, the collapsible or compressible portion 504'
of a ring 500' is realized in the form of a series of
tab extensions 510 that axially extend from the main
body 502'. These tabs 510 collapse as they engage the
body 12 during initial make-up of the fitting 10.
[0090] With reference to Figs, 23A and 23B, in another
form of the invention, the initial pull-up position 56
and the additional axial displacement position (and
distance Y) are visually indicated using a marking 600
on the tubing T. In this example, the marking 600 is
realized in the form of two demarcations or lines 602
and 604. The demarcations 602, 604 may be formed into
the tubing wall 606 or applied in the form of a band,
painted line and so forth. In the finger tight
position, both lines 602, 604 are hidden from view to
the assembler by the nut 14. The first line 602 is
positioned such that during initial pull-up the nut 14
is advanced onto the body 12 until the first line 602
is visible, as illustrated in Fig. 23A. the second
line 604 is positioned such that during subsequent
remakes the second line becomes visible after the nut
14 has been advanced an additional axial displacement
Y beyond the initial pull-up position 56. [0091] Fig.
24 illustrates a suitable tool 650 for marking the
tubing T in accordance with the embodiment of Figs.
23A and B. The tool 650 is realized in this example in
the form of a hollow single ended cylindrical sleeve
652. The sleeveincludes a rear wall 654 against which
a tube end 656 is bottomed. A pair of radial holes
658, 660 are formed in the sleeve 652 and receive
respective marking tools 662, 664. The tools 662, 664
are axially separated a predetermined distance Y. as
the tubing T is rotated within the sleeve 652, the
tools 662, 664 scratch or otherwise form lines in the
surface of the tubing T to correspond with the lines
602, 604 described herein with respect to Figs. 23A
and 23B. [0092] With reference to Fig. 25, in this
embodiment of the invention, a position indicator band
700 is attached to the nut body 12. This band includes
a "start" position identifier 702 and a "finish"
position identifier 704, The nut 14 is initially
installed onto the body 14 to the finger tight
position. The nut 14 is then marked in a suitable
manner, either at the manufacturer or by the
assembler. The 



alignment mark (not shown) on the nut is applied to
the nut so as to axially align with the start position
indicator 702, and typically may be applied to the
forward face of the nut 14a or to one of the hex faces
on the nut body. The nut is then rotated relative to
the body for the prescribed number of full and partial
turns, wherein the nut 14 is rotated until the nut
alignment mark is axially aligned with the finish
position indicator 704. Although this technique
requires the assembler to keep track of the full and
partial turns, final pull-up position is more
accurately achieved since there are well defined
starting and stopping position indicators. Fig. 26
illustrates an example wherein the indicator band 700'
is installed on the nut 14. When the fitting 10 is
assembled to the finger tight position, an alignment
mark is applied to the body 12 in axial alignment with
the start position identifier 702' on the band 700'.
The nut 14 is then relatively rotated the prescribed
number of full and partial turns until the alignment
mark on the body 12 axially aligns with the finish
position identifier 704' on the band 700'.[0093] With
reference to Figs. 27 and 28, the invention is
illustrated in use with a T fitting 800. The fitting
800 includes a main body 802 with three identical
fitting ends 804. In this example, each fitting end
804 includes a marking 50 in accordance with the
invention, although it is not necessary that all three
ends have the marking 50. [0094] As best viewed in
Fig, 2S5 the marking 50 is realized in the form of a
groove 806 machined into the neck portion 22 of each
fitting end 804. The groove leading edge 808 is
axially spaced from the last thread 18a of the
threaded end 18, thus forming a step 810. The trailing
edge 812 may be used to indicate an additional axial
displacement of the nut 14 (not shown) during
subsequent remakes. In this case, as with the other
examples herein, the initial pull-up position 56 is
indicated by aligning the forward end of the nut 14
with the leading edge 808 of the groove 806, or may
simply be specified as the forward end of the nut 14
axially aligning anywhere within the groove 806 area.
[0095] Fig. 29 illustrates another embodiment in which
line markings 900a and 900b are applied to the nut 14
and body 12 after the fitting has been assembled to
the finger tight position. The line markings 900 may
be formed by any suitable method including laser
etching. The fitting may be disassembled by the user
for installation and then re-made to the finger tight
condition with the markings 900a,b aligned.
Afterwards, initial pull-up is verified by rotating
the nut a full turn until the markings are again in
alignment. This embodiment is particularly suited for
fittings that utilize a single full turn for initial
pull-up. The line markings 900a,b may be used in
combination with other markings such as a groove to
indicate additional axial displacement beyond initial
pull-up during subsequent re-makes.[0096] With
reference next to Figs. 3OA and 3OB, in accordance
with another aspect of the invention, the visually
perceptible marking 50 may be realized in the form of
a material applied to the male threaded body 12, as
distinguished from a 



physical feature added to or incorporated into the
body 12. In one embodiment, the material may be a
lubricant 950 such as is commonly used to reduce
torque and galling during pull-up of the fitting.
Suitable lubricant materials include but are not
limited to tungsten or molybdenum disulfide, As
illustrated in the embodiment of Fig. 30A, the
lubricant 950 is applied typically to the male threads
952. In accordance with the invention, the lubricant
950 is applied up to a predetermined tepnination point
954 that corresponds to a proper initial pull-up
position of the female nut 14. A suitable masking
layer is used to prevent application of lubricant to
areas such as the hex. The mask is subsequently
removed after the lubricant is applied. The mask
further can be used to provide a well-defined line or
edge for the tepnination point 954. The nut 14
(omitted from Fig. 30A and Fig. 30B for clarity) is
axially threaded onto the body 12 until the leading
edge 14a of the nut is at least axially adjacent or
slightly past the end 954 of the lubricant coating.
Typically the lubricant is a distinctly different
color from the material of the body 12 and therefore
easily perceived visually. [0097] In some cases, a
surface activation step may be performed prior to
adhering the lubricant 950 to the body 12. Such
activation steps are well known to those skilled in
the art. The activation step likewise provides a
perceptible discoloration. An embodiment is
illustrated in Fig. 3OB wherein the activation step is
applied to the unmasked threads 952 and body 12 to a
first location 960. The lubricant 950 is then applied
up to a tepnination point 962, thus leaving a band
between the termination points 960 and 962. Thus, two
demarcations are providedwhereby the first demarcation
962 may correspond to an initial pull-up position of
the nut 14 onto the body 12, and the second
demarcation 960 corresponds to an additional
predetermined axial displacement of the nut 14 onto
the body 12 beyond the initial pull-up position,
[0098] In both embodiments that use a lubricant,
silver plating of the threads may be reduced or
eliminated since a lubricant coating has been applied
to the fitting threads. In the embodiment of Fig. 3OB
as well as similar embodiments described herein above
that use a colored band as a marking 50, the band can
be realized by first applying a suitable colorized
material to the body 12 up to the outer line or
termination point 960. The colorized material can then
be removed by any suitable process, such as chemical
etching for example, to the termination point 962,
thus providing the colored band between the
termination points 960 and 962. [0099] In another
embodiment of the present invention, the intrinsic
gauging is used to provide proper pull-up indication
on female-type fittings. An example of such a fitting
is described in United States Patent No, 4,826,218
issued on May 2, 1989 for COUPLING DEVICE FOR
HEAVY-WALLED TUBULAR MEMBERS, the entire disclosure of
which is hereby incorporated by reference. As shown in
Figure 3 1, the fitting assembly 10' includes a
coupling body 1000 having an 



associated tubular member 1010, a coupling nut 1020
and a ferrule arrangement 1030. The coupling body or
member 1000 has a first end 1040 and a second end 1042
axially spaced therefrom. It will be understood that
the coupling body 1000 may take any number of forms,
such as, for example, a union, tee, cross, or elbow,
and may be provided directly on a valve, filter,
instrument or the like. It should also be appreciated
that the coupling body 1000, or coupling nut 1020, may
include one ormore hardened portions, such as those
that are work hardened by rolling threads (not shown)
on the exterior surface 1002 of the coupling body
1000. [0100] A first or inner bore 1044 is coaxial
with a through passage 1046 and defines a radial
shoulder 104S against which a first or inner end 1050
of the tubular member 1010 abuts upon axial insertion
into the coupling. A second or outer counterbore 1051
coaxial with inner bore 1044 is defined adjacent an
axially outer end of the coupling body. A tapered
camming mouth or surface 1052 intersects the inner
bore 1044 with the outer bore 1051. An interiorly
threaded region 1054 is defined adjacent the second
end 1042 of the coupling body 1000, and is coaxial
with inner bore 1044, This threaded region cooperates
with a coupling nut to effect sealing and gripping
engagement of the associated tubular member. [0101]
The ferrule arrangement 1030 may include one or more
ferrules, a first or front ferrule 1031 and a second
or rear ferrule 1032 are shown in Figure 3 1 In this
arrangement, the nose 1033 of the front ferrule 103 1
is adapted for cooperating engagement with the tapered
camming surface 1052. Likewise, an axially outer end
1034 of the front ferrule 1031 is adapted for abutting
engagement with the rear ferrule 1032. It should be
appreciated, however, that this is merely an example
of a ferrule arrangement and that other ferrule
arrangements, including, but not limited to, single
ferrule arrangements can be used. [0102] The coupling
nut 1020 includes a threaded portion 1022 with
cooperates with the threaded region 1054 of the
coupling member 1000. In the embodiment shown in
Figure 31, intrinsic gauging is added to the coupling
nut 1020, such that proper pull-up of the coupling nut
onto the coupling member 1000 can be detected. As
shown, the intrinsic gauging is two demarcations
located on the neck 1055 of the coupling nut 1020. A
first demarcation 1060 represents a leading edgeand a
second demarcation 1062 represents a trailing edge. It
should be appreciated that the intrinsic gauging can
take a variety of forms, such that a visibly
perceptible marking is viewable on the coupling nut
1020. Examples of such other intrinsic gauging
includes, but is not limited to, an etching, a recess,
knurling, a colored region, a colored band, a groove,
a colored groove, or a band, ring or other attachable
object that would not interfere with pull-up of the
nut. [0103] The intrinsic gauging shown in Figure 3 1
can function in three different fashions. The first
intrinsic gauging configuration uses the first
marking, demarcation, or leading edge, 1060 as the
finger-tight position of the nut 1020 on the coupling
1000 and the second marking, demarcation, or trailing
edge, 1062 as the 



proper pull-up initial position of the nut 1020 on the
coupling 1000. Using this configuration, a user knows
that the fitting assembly 10' has been properly
pulled-up when the intrinsic gauging becomes
substantially imperceptible. For example, if the
intrinsic gauging is a groove, the nut 1020 will be
properly pulled-up onto the coupling member 1000 when
the groove becomes substantially imperceptible. The
fitting assembly can be designed such that there is a
predetermined axial length beyond the proper initial
pull-up position to allow for subsequent remakes of
the fitting. In these embodiments, the fitting
assembly is properly made up at any point beyond the
covering of the intrinsic gauging, but does not
necessarily provide information regarding the maximum
pull-up on the subsequent remakes. In the second
intrinsic gauging configuration, the first demarcation
represents the proper initial pull-up position, while
the second demarcation represents the predetermined
axial length beyond the proper initial pull-up
position to allow for subsequent remakes of the
fitting. In this sense, the second demarcation
represents the maximum additional axial length for
subsequent remakes. Accordingly, using this
configurationa user will know the fitting assembly has
been properly pulled-up when the nut 1020 reaches the
first demarcation or leading edge 1060. Additionally,
the user will be able to determine how many subsequent
remakes the fitting assembly 10' can handle by
evaluating the additional axial length between the
pull-up and the maximum pull-up. It should be
appreciated that a third configuration can be used,
wherein three demarcations are used. A first
demarcation would represent the finger-tight position,
a second demarcation would represent the proper
initial pull-up position, and a third demarcation
would represent the maximum additional axial length
for subsequent remakes. [0104] In another embodiment,
shown in Figure 32, the threaded coupling member 1000
is joined with a threaded stud member 1100 to form the
fitting assembly 10". The remainder of the fitting
assembly 10" can be similar to that shown in Figure
31, or may include different components, arrangements,
or configurations. The threaded stud member 1100
includes a threaded region 1110 and a head region
1120. The head region 1120 of the threaded stud member
1100 includes intrinsic gauging that will determine
proper pull-up of the fitting assembly 10". The
intrinsic gauging may take a number of forms, As an
illustrative example, Figure 32 provides the threads
ends 1130 as a first demarcation and the end 1135 of
the threaded stud member 1100 as the second
demarcation. As such, the thread ends 1130 will reach
the end face 1140 of the coupling member 1000 when the
fitting assembly 10" is in the finger tight position.
Furthermore, when the end 1135 of the threaded stub
member 1100 aligns with the end face 1140 of the
coupling member 1000, the fitting assembly 10" will be
in the proper initial pull-up position. In another
embodiment, the thread ends 1130 can mark the proper
initial pull-up position and the end 1135 of the
threaded stud member 1100 can mark the additional
axiallength for subsequent remakes or the maximum
pull-up position. In another 



embodiment, the thread ends 1130 can mark the finger
tight position, a demarcation, such as, for example,
an etching, a recess, knurling, a colored region, a
colored band, a groove, a colored groove, or a band,
ring or other attachable object, would mark the proper
initial pull-up position, and the end 1135 of the
threaded stub member 1100, or other demarcation would
mark the maximum axial length for subsequent remakes
for the fitting assembly 10". These embodiments are
helpful in determining proper pullup of fittings, such
as those shown in Figure 33. In such fittings, a gap
or recess 1150 is located in the front face 1152 of
the fitting and a tool 1155 such as that shown in
Figure 33 is used to tighten or loosen the fitting,
[0105] The invention has been described with reference
to the preferred and exemplary embodiments.
Modifications and alterations will occur to others
upon a reading and understanding of this
specification. It is intended to include all such
modifications and alterations insofar as they come
within the scope of the claimed invention or the
equivalents thereof.CLAIMS Having thus described the
invention, it is claimed: 1. Intrinsic gauging
assembly for a ferrule type tube fitting, comprising:
a coupling body having a threaded end and a camming
surface that engages a nose of at least one ferrule
contained in the coupling body; a threaded coupling
nut that mates with said threaded end of the coupling
body; a visually perceptible marking on the threaded
coupling nut body that is visible when the fitting is
in a finger tight condition, and that is substantially
imperceptible after the fitting has been assembled on
a tube end to an initial pull-up position. 2 . The
intrinsic gauging assembly of claim 1, wherein said
visually perceptible marking is knurling. 3 . The
intrinsic gauging assembly of claim 1, wherein said
visually perceptible marking is a colored region. 4 .
The intrinsic gauging assembly of claim 1, wherein
said visually perceptible marking is a colored band. 5
. The intrinsic gauging assembly of claim 1, wherein
said visually perceptible marking is a ring. 6. The
intrinsic gauging assembly of claim 1, wherein said
visually perceptible marking is one or more etchings.
7. The intrinsic gauging assembly of claim 1, wherein
said visually perceptible marking is a groove. 8. The
intrinsic gauging assembly of claim 1, wherein said
visually perceptible marking is a recess.9. The
intrinsic gauging assembly of claim 1, wherein said
visually perceptible marking is on a neck portion of
said coupling nut. 



10. The intrinsic gauging assembly of claim 1, wherein
a portion of the coupling body is work hardened. 11.
Intrinsic gauging for a ferrule type tube fitting,
comprising a coupling body having a threaded end and
an internal camming surface; a threaded coupling nut
that mates with said threaded end of the coupling
body; at least one ferrule retained in the coupling
body interior such that a ferrule nose engages the
camming surface; and a visually perceptible marking on
the coupling nut; wherein said marking includes a
first demarcation and a second demarcation; wherein
said first demarcation corresponds to an initial
pull-up position and said second demarcation
corresponds to a maximum pull-up position. 12. The
intrinsic gauging assembly of claim 11, wherein said
visually perceptible marking is knurling. 13. The
intrinsic gauging assembly of claim 11, wherein said
visually perceptible marking is a colored region. 14.
The intrinsic gauging assembly of claim 11, wherein
said visually perceptible marking is a colored band.
15. The intrinsic gauging assembly of claim 11,
wherein said visually perceptible marking is a ring.
16. The intrinsic gauging assembly of claim 11,
wherein said first demarcation and said second
demarcation are etchings.17. The intrinsic gauging
assembly of claim 11, wherein said visually
perceptible marking is a groove. 18. The intrinsic
gauging assembly of claim 11, wherein said visually
perceptible marking is a recess. 19. The intrinsic
gauging assembly of claim 11, wherein said visually
perceptible marking is on a neck portion of said
coupling nut. 20. The intrinsic gauging assembly of
claim 1 wherein a portion of the coupling body is work
hardened. 21. The intrinsic gauging assembly of claim
11 further comprising a third demarcation that is
visible when the fitting is in a finger tight
condition and generally imperceptible when the fitting
is in an initial pulled-up position. 22. The intrinsic
gauging assembly of claim 11, wherein a portion of the
coupling body is work hardened. 23. Intrinsic gauging
assembly for a ferrule type tube fitting, comprising:
a coupling body having a threaded end and at least one
ferrule contained therein; a threaded stud member
having a threaded portion that mates with said 



threaded end of the coupling body such that an end of
the threaded stud member may become substantially
flush with the coupling body upon tightening;
intrinsic gauging means located on said threaded stud
member, wherein said intrinsic gauging means indicates
when said threaded stud member is properly pulledup.
24. The intrinsic gauging assembly of claim 23,
wherein said intrinsic gauging means includes an end
of said threaded portion of said threaded stud member
and the end of the threaded stud member, wherein said
end of said threaded portion ofsaid threaded stud
member and said end of said threaded stud member have
an axial length therebetween, said length providing
information regarding the pull-up of the assembly. 25.
The intrinsic gauging assembly of claim 24, wherein
the threaded stud member is in a finger tight position
when said end of said threaded portion of said
threaded stud member aligns with a front face of said
coupling body and is in a pullup position when said
end of said threaded stud member aligns with said
front face of said coupling member. 26. The intrinsic
gauging assembly of claim 24, wherein the threaded
stud member is in an initial pull-up position when
said end of said threaded portion of said threaded
stud member aligns with a front face of said coupling
body and is in a maximum pull-up position when said
end of said threaded stud member aligns with said
front face of said coupling member. 27. The intrinsic
gauging assembly of claim 23 further comprising a
marking, wherein said end of said threaded portion of
said threaded stud member, said end of said threaded
stud member, and said marking each denote a pull-up
position of said assembly. 28. The intrinsic gauging
assembly of claim 23, wherein a portion of the
coupling body is work hardened. 29. The intrinsic
gauging assembly of claim 23 further comprising a tool
for tightening said threaded stud member, 30.
Intrinsic gauging assembly for a ferrule type tube
fitting, comprising: (a) a coupling body having a
threaded end and a camming surface that engages a nose
of at least one ferrule contained therein;(b) a
threaded coupling nut that mates with said threaded
end of the coupling body; and (c) at least three
marking indicating a pull-up position: (i) a first
marking indicating a finger-tight position; (ii) a
second marking indicating an initial pull-up position;
and (iii) a third marking indicating a maximum pull up
position. 3 1 The intrinsic gauging assembly of claim
30 further comprising an axial length between said
first and second marking, wherein said axial length is
substantially imperceptible when said assembly is in
the initial pull-up position. 


