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. 'This invention relates to impression materials,
and more particularly to dental impression ma-
terials, to substances and compositions in pro-
ducing - such impressions, to impressions made
with these substances and comgositions, and to
methods of making such substances, composi-
tions and articles, and methods of utilizing the
substances and compositions.

Various substances and composﬂuons have
been suggested in the prior art for the produc-
tion of impression compositions and. materials.
The more exacting the art is in which such im-
pression. material is employed, the fewer are the
satisfactory materials that have been employed
for such purposes.- For exampie, considering the
exacting requirements of the dental impression
art, there are few compositions which have
proved satisfactory in practice and for the most
part they have been based on alginate contain-
ing compositions although pectates have also
been proposed. The compositions have not al-
ways been satisfactory, many of them exhibit

limited sheli-life, and are subject to other de-

ficiencies. . ) )
Considering  the requirements for impression
material in such exacting arts as the dental im-
pression art where it is necessary to make exact
replicas, a number of requirements exist that
must be considered. The impression material
should be easily brought into condition for use;
it should not require heat for such purpose at
least most desirably should not do so; it should
‘be of such physical character that it can be in-
serted into cavities and fissures and readily re-
moved therefrom without mutilation or destruc-
tion when set; it should set in a suitable time,
not, too short to prevent proper manipulation in
application, nor so long as to cause discomfort
to a dental patient; it should form a sharp aceu-
rate impression of the structure to.which it is
applied; it should set to a tough rubbery or flex-
ible state so that it may be stripped from the
structure to which it has been applied even when
undercuts are present; and the dry powder com-
position should be stable over a substantial pe-
riod of time before mixture with water for use.
Few composmons have been found to be usable
in the art. In some of them compressional
strength is obtained at a sacrifice of flexibility.
In some, the gel structure obtained is not satis-
factory because it is rather loose and open in
character. In some caSes ions formed act as
retarders for plaster which comes in contact with
the impression. Because of these and .other
considerations, prediction is of little value and
actual test is required to determine the actual
value of any composition for the.exacting re-
quirements in this field. Whether or not the
set obtained is weak or strong, and other factors
mentioned gbove, must be investigated,

]

10

15

20

25

30

35

40

2

Among the objects of the present invention is
the production of impression materials from sub-
stances giving satisfactory gel structures enabling
impression materials to e produced without the
defects exhibited by prior art materials.

Other objects include the production of im-
pression materials which possess high compres-
sional strength and extreme flexibility when set.

Still further objects include molded impres-
sions from such impression materials. . :

Many other objects and advantages in the in-
vention will appear from the more detailed de-
scription set forth below, it being understood that
such more detailed description is given by way
of illustration and explanation only, and not by
way of limitation, since various changes therein
may be made by those skilled in the art without
departing from:the scope and spirit of the pres-
ent invention. .

In accordance with the present invention, im-
pression  materials are produced particularly
suitable for dental impression use, from carboxy
alkyl cellulose employed in a composition con-
taining a salt of a metal forming a gel with the
carboxy alkyl cellulose, the combination yielding
a satisfactory gel structure when set from a
paste with water. The carboxy alkyl celluloses
differ radically from alginates and related ma-
terials heretofore used in the art in that the alka-
line earth metal salts of the carboxy alkyl cellu-
loses, namely, the calcium, strontium and barium
salts are soluble in water as well as the alkali
salts thereof, thus distinguishing the carboxy
alkyl celluloses from alginic acid and similar ma-
terials heretofore used in the art in requiring
their utilization under essentially distinct condi-

‘tions.

The carboxy alkyl celluloses include carboxy
methyl cellulose, carboxy ethyl cellulose, and
other carbexy: alkyl celluloses but for present
purposes it is- preferred to use a carboxy alkyl
cellulose in which the alkyl group does not con-
tain more than 4 carbon atoms, that is, not above
the carboxy butyl cellulose and more desirably
the carboxy methyl @ cellulose is employed al-
though the. carboxy ethyl cellulose may also be
satisfactorily utilized. For illustrating the in-
vention, since it is particularly eminently suit-

. able for use in this direction, the invention will
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be illustrated by the use of the carboxy methyl
cellulose. v v

The carboxy alkyl celluloses individually or in
mixture most desirably are used for present pur-
poses in the form of a water-soluble salt. Any
soluble salt may be employed including the salts
of the alkali metals, ammonium, the salts of the
alkaline earth metals, and salts of amines or
alkanol amines. The choice of salt is dependent
in part on the particular field in which the im-~
pression material is to be employed. For dental
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impression work, long chain amine salts would
not normally be employed because they give a
soapy product in water.. Consequently for dental

impression work, the salts of sodium, potassium,.

ammonium, short c¢hain  amine and alkylol
amines such as ethanolamine salts are desirably
employed.

The strength of the impression which is ob-
tained by the use of the carboxy alkyl cellu
is dependent at least in part on the’ v1scos1ty of

the soluble carboxy alkyl céllulose which is em-

ployed. Here too the carboxy methyl celluose
may be used as exemplary. - Carboxy methyl cel-
lulose is available with a viscosity as high as
2000 C. P. S. at 1% and carboxy methyl cellulose
of that viscosity gives the strongest impressions.
It is' most’ desirably: employed although lower
viscosity carboxy alkyl celluloses may be em-
ployed, as for example, that having 'a viscosity
2t.1086 but below 1000 the sfrength drops off
rapidly and at least for dental impression work
g lower limit of from 500 to 700 C. P. S. may be
mentioned although the highest viscosity mate-
riais as set forth above give the most: desirable
impressions from the strength standpoint,

With the carboxy alkyl cellulose, a setting agent
is employed. Since the alkaline earth salts of the
carboxy alkyl celluloses are soluble in water, they
are not avaiable as setting agents. The setfing
agents employed should be a salt or mixtures of
salts of ‘a'metal or metals forming a-gel with the
carboxy alkyl cellulose when set from a Dpaste
with ‘watér. - The metals, salts of which can be
used for forming strong gels are more partllcu-
larly those in ciasses Ib, Ilig, 1VD, Vg, and group
VIII of %the- periodic s:ysterri as ‘exemplified for
example by copper, lead, aluminum, iren and
chronuum which are capable of forming. strong
gels’ wzth the cellulose solution. The salts em-
ployed ‘of such metais for setting purposes include
for example ‘the halides, sulfates, silicates,
acetates ete. Thus vchromm sulfate, lead halides,
lead mono-~ ‘silicates and other slightly soluble lead
salts, alummum saits such as its salts with or-
ganit - ac1ds partlcularly the acetates and more
spemﬁcslly the basic aluminum acetates, ebtc., may
be used Balts which give the produ»otlon of ‘gels
of satlsfactory strength and composmons which
are hght or Wh1b° in color are preférred since they
may be- plﬂmented readily to any color to meet
commerclal aceeptance.

“AMiminum acetate may be employed to give
excellent compositions for these purposes with
for example carboxy met’ayl cellulose In some
instances the aluminum tr1aoeta.te by itself may
be oo rapid in setting and may be retarded by
basi¢ retarding agents such as the alkali metal
carbonates and phosphates, as for example, so-
dium carbonate or sodium phosphate. The best
results "However, have been ebtained by the use
of basic aluminum acetates.

The speed of setting ‘of the composition de-
pends mainly on the degree of basicity of the
alumlnum acetate. This varies -considerably in
commercmlly ‘available basic aluminum ‘acetates.
The acetic acid content of the basic -aluminum
acetate, therefore, affects the speed of sefting of
the ultimate comp051t10n produced If the basic
alummum acetate employed is relatively slow in
its actlon more of it may be employed with for
example -sodium carboxy methyl cellulose in
order to increase the setting time of the’ compos‘-
tien." For example, consmlerm«r proportiens of
pasic aluminum acetate to sodlum carboxy methyl

cellulose w here ai:1 ratlo g1ves too slow a seftmg'

. 4, .
time, the amount of bagic alJuminum, acetate may
be increased for example, to a ratio of 5:1 or
acidic accelerators such as the alkali metal bi-
sulfates for example, potassium bisulfate maybe
1ncorpo1"ated in order to speed up the setting time.
Where the basm aluminum acetate is too rapid
in its action, retarders may be incorporated,

: ‘namely, basic retardmg agents such as the alkali
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metal earbonates and phosphates for example,
sodlum ’carbonate or sodium phosphate. Basic
alummum acetates produced in the laboratory
may he controlled ‘from the standpoint of their
bas1c1ty to give the desired set. Commercially
ava1la,ble basic aluminum acetates may be heat
treated to reduce their acetic acid content where
the commerciaily available material is too rapid in
its action, reduction in the "acetic acid content
materially affecting the rapidity of action. For
example, in one commereial basic acetate whieh
had an aluminum oxide content of 33.4% and
which was somewhat too fast in setting fime with-
out the use of a retarder, such basi¢ aluminum
acetate heated for 42 hoirs at 140° C. losi an
appreciable amount -of acetic acid and gave ex-
cellent results when used even in equal paris by
weight with the sod1um carboxy methyl cellulose
for example.

'To exemplify the basicity of basic alummum
acetate, reference may be made to the commerecial
material which usually shows an analysis that
corresponds roughly to the formula

Al(OH) (CzHaOz) 2

combined with 1.5 te 2 moles of Water Stabi-
lizers, such as boric acid, may be added fo the

. aluminum acetate and for that purpose small
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amounts only are necessary. If desired, sub-
stances such as -soluble -sulphates, particularly
potassium sulphate, which accelerate the setting
of plaster, may be included in the impression
composrtmn in small amounts as for example,
flom 0.5 to 5% by weight.

~Thus it is possible to adjust the setting time of
these compositions, as for example, by the char-
acter of the basic aluxmnum acetate or other
setting agent which is employed or by the pres-
encé of aceelerators or retarders, ete. The illus~
tratwe settmg times referred to herein are par-
tlcularly stated from the standpolnt of the utili-
zation of these composmons for the production

. of dental 1mpress10ns where- it is desirable that
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the 'compositien should- - show charaecteristies
Whreh enable them to be-used so that there is
available one minute for mlxmg and a sett—mg
time of about 3 mmutes

As exemplifying other setting ag,ents that may
be employed the Iollowmg is glven Chromie sul~-
pha.te may be used as the settmg agent I exists
in a variety of Iorms Wthn are not all equally
eﬁeotlve for these purposes ‘Of these Varletles,
the most 1mportant for use in compesitions made
uﬂder thxs invention part1cula1ly for dental 1m-
pression materials, may be characterized as the
green chromxc sulpha,tes which are hydrated
salts. In their most desirable form they contain
at ieast one sulphate which" does not prec1p1tate
with barium chloride, and there may be 1, 2 or 3
such unreactive sulphate groups ‘present. '"Fhose
havmg from 5 to 8 mols -of “water of hydration are
partlcularly valuable and 2 specific salt of that
character is the chromic sulphate having -an
S/ Cr703 ratio of about 2.2/1 and havmg T4
mols -ef waker of ’h:ydratlon In general any deli-
quescent chromic stuiphate is- neb eesuab’e but
the non- dehquescent salbs are used Any of the
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hydrated chromic. sulphates may be. used, .in-
cluding the vioclet colored salt with 18 mols of
water of hydration, if first heat treated, as for
example, at temperatures of from 990 to 156° C.,
or preferably from 80.to 110° C, convert them into
lower hydrates particularly of green color. The
rose colored anhydrous salt is desirably convert-
ed into a hydrated material for use in the present
invention.

‘While the chromic sulphate employed may be
produced in any desired way, as for example, heat
treatment of higher hydrates within tempera-
ture ranges.as indicated above for periods of say
about 5 hours, or by direct preparation in. ap-
propriate ways, the following example illustrates
one manner of preparation of a satisfactory ma-
terial for use herein without any intention of
limitation to that example.

Sulphur dioxide gas is passed into an adqueous

solution of CrOs.until substantially no further re-
action occurs. The resulfing sclution is slowly
evaporated and the crystals cbtained dried at
about 180° F. for about 24 hours, while mixing
every hour to expose the material evenly to the
heat. Or vacuum drying may be employed. A
chromic sulphate particularly effective for use
in the. present invention is that illustrated by
the following analysis:

Per cent
Cre03. 26.17
BasiCity o 21.77
Acidity (as HoSO4) . _________.____.__ 3969
Total SO4 - ____ . _______ 47.60
Fex03 and AOz o __ .34
H20 (105° C. overmght) _________________ 11.56
Cla e None

Chromic ‘sulphate as pointed cut above, is par-
ticularly useful in making impression materials
specifically for dental impression work. Other
chromic salts may be employed but toxic ma-
terials such as chromic fluoride are desirably not
used in compositions for dental purposes.

Lead salts, particularly those having solubili-
ties in the range of about 0.1 to 1% may be used.
Any slightly soluble lead salts may he employed.
Such said lead salts when used, should be capa-~
ble of setting the carboxy alkyl cellulocse or should
be capable of being utilized with materials which

.will give the desired setting in the composition.
Lead monosilicate (85% FPbO, 15% 8i0C2) alone
will usually not set carboxy methyl cellulose but
acid may be incorporated, as for example, in the
form of acid salts to get the desired results so
long as an insoluble lead salt is not formed. Thus
potassium acid tartrate or potassum acid phthal-
ate desirably in small amounts may be used to
cobtain setting of the carboxy methyl cellulose
for example, with lead monosilicate. Aluminum
silicoflioride and zinc nitrate may also. be em-
ployed with the lead mongcsilicate to produce set-
ting. Lead chloride PhCl2 is particularly useftl
in making materials for dental impression work
and the soluble sulphates such as potassium sul-
phate are good retarders for use in such compo-
sitions containing lead salts. ]
--As: fillers,  -any - substantially water-insoluble
powder may be employed so long as it does not
exhibit excessive basicity. Because of the am-
photeric character of aluminum hydroxide, fillers
of high basicity are desirakly avoided. Non-bssic
fillers such as silica, barium sulfate, cilicates and
the like, may be employed. Calcium carbonate
may be utilized because of its low solubility. Oth-
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er fillers that may be employed include the vari-
ous calcium carbonates in their heavy or. light
forms, clays, dlatomaceous earth, .chalk, ben-
tonite, mica, asbestob, volcanic ash ‘hard waxes
and the like. )

Magnesmm carbonates are generally too basm
to be used as fillers, but, this depends in part on
the setting agent employed in the impression ma-
terial. For example, with some grades of
chromic sulphate as 111ustrated below magnesmm
carbonate may be used. ‘

Such filler usually makes ub the bulk of the
composition and has some influence on thé final
physical properties of the gel; influences the set-
ting time somewhat, the working properties of
the paste; and the fineness of the impression.
Some fillers may exert a particular property of
value in some cases, as for example, the use of
voleanic ash to give smoothness and to improve
hardness. Where the higher proportions of basic
aluminum acetate are employed, the amount of
filler used may be considerably reduced and as
much as one-half of such filler replaced by the
utilization of the higher proportions of the basic
aluminum acetates for example. Very heavy fill-
ers such as lead silicate may be used in quantities
considerably more than the -lighter fillers.

The over-all proportions of the components
ubilized should be capable of giving the desired
gel structure when the composition is set from
a paste with water. For example, with 1 part by
weight of 2000 viscosity carboxy methyl cellulose
there may be employed from 0.7 to 5 parts by
weight of setting agent such as basic aluminum
acetate dependent in part on the acetate content
as explained above, and from 7 to 12 parts by
weight of a fairly light filler such as diatomaceous
earth, whereas when a very heavy filler such as
lead silicate is used, the weight of filler may be up
to 30 parts by weight.and higher. As noted above,
where a high proportion of setting agent such as
aluminum acetate is used such as 5 parts by
weight to 1 part by weight of the carboxy methyl
cellulose, this may replace as -much as one-half
of the filler, particularly the lighter fillers. Where
lower viscosity carboxy alkyl celluloses are em-
ployed, as for example, in the 500 to 700 viscosity
grades, the heavier fillers like lead silicate are
preferably used and increased in amount, and
desirably a greater amount of the carboxy alkyl
cellulose is employed. The materials referred to
above are mixed with water for use and this may
vary, enough water being employed to form a
“putty” satisfactory for taking dental or other
impressions. In general with compositions of
the character set forth above, the amount of
water will usually be from 11 fo 17 parts by weight
with about 12 parts by weight preferred, to 5 parts
of powder.

. The followmg examples illustrate the inven-
tion, parts being by welght unless otherwise indi-
cated. :

Example 1

Diatomaceous silica
Basic aluminum acetate
Sod1um carboxymethyl cellulose (2000 vise) -~ 1

Ea:ample 2 )

Parts:

Digtomaceous siliea oo sl 5
Caleium carbonate o oo . B

Sodium carboxymethyl ce11u10se (2000 vise) . 1
Basic aluminum acetate mmm e s p ey B
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-.Example 3

A commemal PHasic a,lummtun seetats which

_ had an aluminuin oxide contetit of 3349 was

heated 42 Hours at 140° C. to remove & little acetic

acid and then exposed to the air for several weeks

to allow it to gain some mioisturs and to yeach
& nearly conistant welsht..

Above aluminutn acetate
Sedium carboxymethyl eéllulose (2000 visey __ 1
China clay
Diatomaceous siliea

- Examiple £
Like Example 3 except that 1 part of sodium

earboxyéthyl cellulose is used in place of sodium
carboxymethyl ceilulose.

E:mmplé 5 :
Papts
D1atoma(:eous silica (“Celite HSC"y __..___. 10
CaCOs L ____li_ -— 6
Chromie sulfate (“Tanohn R o .. 2.5
NECT L 1
Sodium carboxymethyl cellulose (2000 visc) —- 2

Such composmon may be utilized in the ratio of
6 parts. of the stated powder to 12%. parts of wa-
ter.

. Ea:ample 6.
: Parts
5
au 1% a5 e 0 e
PbCIz ...__._-_r....._‘_._*___._‘_a.'_/-_.___._...._.__.__:.'_.__..__'... 125

5 pai‘ts of f,h1s pe\vcler may be used WIth 121/2

scdmm phOSphate (stieh a8 045 g. in-112.5 ec.¥
: a,xm gives a very strong 1mpresszon

E.mmple 7

Sodlum carooxymethsl cellulose (2000 v1sc) ek

5 grams of this powder rh'ay pe used Wlth 19 ¢e.
of 19 potassinin sulfate solutioh.

_ Having thus get forth my invention, I claim:

1. An lmpressmn material contditiing a- water-
soluble salt of a carboxy slkyl celluloss in a mix-
ture with a setting agent of 4 salt of & metal
forming a gel with the carboxy alkyl celluldse,
in proportlons to give a gel structure when set
from' & paste with water.

‘4. An impression material as set forth in claim

%, in which the setting dagent is aluminum seetate.

3. An impression material as set forth in claini:

1, i which the setting agenb is. basm alummum
deetdte;

4. An impression material as set forth in claim

1, in which the setting agent is basic aluminum
geetate of aluminum oxide content of 33.4% heat
treated-at 140° €. for-42 hours: )

5. .An impression-material a§ set forth it claim

1, in which the setting agent is ehromic sulphate.

6. An impression material as set forth in claim
1, in which the settmg agent-is g slightly soluble
Sa,lt of lead.

- 7. An impression material as set forth in- clalm -

; ; inecluding a retarder-and a filley,

{ 8- An-imipression material as set forth in clsim

% including-an acceleratoy ang g filler:
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- 9, An impression material as set forth in eldint
1 in- which - the cellulose derivative is carboxy
miéthyl éellulose.

10. An impression material as set forth: in
elaim 1,. i which. the cellulose mdterial 1s car-
boxy ethyl cellulose.

11. An- impression . material as set forth in
¢lgim 1, in which the céllulose is in the form of
the sodium salt of carboxy methyl cellulose.

12.. An impression material as set forth .in
¢lagim 1, in which the viscosity of the cellulose
derivative is from 500 to 2000 C. P. S:

13, An impression material .as set forth in
claim 1, in which the setting agent is basic alu-
rainum:. acetate  of aluminum oxide: content of
33.49% heat treated at 140°.C. for 42 hours, and:
the cellulose material is the sodium salt of car<
boxy methyl cellulose. .

14. An impression. material as set forth in
claim 1, in which the setting agent is chromic
sulphate and the cellulose material is the sodium:
salt of carboxy methyl cellulose.

15. An impression material as set forth im
claim: 1, in which the setting agent is a slightly
soluble salt of lead and-the cellulose material
is- the sodium salt of carboxy methyl. cellulose.
16, An impression material as set forth in claim
1, in which the composition includes & retarder
and filler and the cellulose material is the sodium
salt of carboxy methyl cellulose.

17. An impression material as set forth in-
claiin 1, in which the cellulose material is the
sodium 851t of carboxy methyl cellulose of viscosi-
ty from 500 t£6 2000 C. P. S.

18, As ani article of manhufactire, a shaped
detital irhpréssion from a carboxyl alkyl cellii-
lose gel.

19. An impression matemal containing in parts
by weight, 1 part sodium carboxy methyl cellu-
lose of 2000 viscosity, .7 to 5 parts basic alumi-
num acetate, 3.5 to 30 parts filler, and from 11 to
17 parts water.

20. An impression material contalnmg in parts
by .weight, 1 paift sodium carboxy methyl cellu-

- lose of 2000 viseosity, .7 to 1.5 parts lead chioride,

3.5 to 30 parts fdller, and from 11 to. 17 parts
water.

21. As an article of manufacture a shaped im-
pression from a carboxy alkyl cellulose gel con-
tairiing 4 setting agent of a salt of a metal form-
itig a gel with- the cdrboxy alkyl cellulose.

22. As an article of manufacture, a shaped im-
pression from s carboxy alkyl cellulose gel con-.
taining basic aluminum acetate.

23. As¢ an grticle of manufacture, a shapéd im-
pression from g compositiori ¢ofitailiing a car-
boxy methyl cellulose and a setting agent of a
sglt of a metal forming a gel with said carboxy
methyl cellulose. '

24. As an article of manufscture, a sha‘ped den-
tal impression from a edrboxy methyl cellulose
gel the sodium salt of which carboxy methyl
cellulose hsas g viscosity from 500 to 2000 C. P. S.

HOMER vary BEUREN JOY.
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