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This invention relates to the dispersion of finely 
divided sulphur in an aqueous medium and gen 
erally comprises the use of a dispersing agent of 
the structure obtained by condensing a naphtha 
lene Sulphonic acid, or a homologue or deriva 
tive thereof, with formaldehyde or its equivalent, 
a proceSS and a product thereof, all as hereinafter 
more fully described and claimed. 
Commercial aqueous dispersions of finely di 

vided Sulphur are generally made with the aid 
of protective colloids such as soaps or proteins. 
The dispersions may be produced either by pre 
cipitating Sulphur, as by the interaction of hy 
drogen Sulphide and Sulphur dioxide, in the 
presence of an aqueous Solution of the protective 
colloid or by extensive grinding of an ordinary 
form of elementary sulphur in a water-colloid 
environment. The former method yields the 
most finely divided and hence most satisfactory 
products, but the procedure is very expensive. 
Furthermore, dispersions prepared according to 
either procedure are objectionable because the 
sulphur constituent generally has an undesirable 
tendency to Settle on Standing to form hard caked 
precipitates which are difficult to break up and 
redisperse, and because the proportion of pro 
tective colloid (5-20% of the weight of the dis 
persed Sulphur) which is usually required to yield 
the most satisfactory results is so large as to alter 
adversely the physical and chemical properties 
of the dispersed sulphur itself. Dispersions of 
Sulphur prepared with the aid of the protective 
colloids formerly employed are also objectionable 
for some purposes because they are generally 
flocculated or precipitated by acids or heavy metal 
ions. This undesirable property is believed to be 
due to a chemical reaction which occurs between 
the protective colloid and the floccuating or pre 
cipitating agent, e.g., the coagulation of a protein 
or the decomposition of a soap to form an in 
soluble fatty acid or heavy metal salt. 
Objects of this invention are to provide aqueous 

dispersions of Sulphur which are freer from ob 
jectionable non-Sulphur Constituents, are Sub 
stantially stable i. e. have less tendency to settie 
and form hard caked precipitates which are 
difficult to break up and redisperse, and are less 
affected by acids or heavy metal ions than ma 
terials which have existed previously. Another 
object is to provide a simple means for prepara 
ing directly from any of the usual inexpensive 
commercial forms of elementary Sulphur aqueous 
dispersions which are comparable in quality with 
materials which could be prepared heretofore 
only with the aid of Sulphur precipitation proc 

(C. 252-6) 
esses. Other objects and advantages of the in 
vention will become apparent with its more de 
tailed description. 

"I have discovered that aqueous suspensions of 
finely divided or colloidal sulphur of improved 
properties may be produced with the aid of one 
Or more members of the class of aromatic com 
pounds of the structure obtained by condensing 
Sulphonic acids of naphthalene, its homologues, or 
derivatives with formaldehyde or its equivalent. 
These compounds may be looked upon as deriv 
atives of polynaphthyl alkyls or their homologues 
and may be expressed by the general graphical 
formula (A-R-A) SO3M in which A and A' 
designate two or more aromatic groups-which 
may or may not be alike; which contain naphtha 
lene rings joined to an aliphatic nucleus R, which 
may consist of a single alkyl group or a plurality 
of alkyl groups associated in straight chain or 
branched chain formation; and in which SO3M 
designates at least one solubilizing group such as 
the free Sulphonic acid group or a sulphonic acid 
group in combination with a soluble salt-forming 
radical. The members of the class may be syn 
thesized either by direct sulphonation of a hydro 
carbon or a derivative thereof which possesses the 
necessary configuration of at least two naphtha 
lene rings joined to an aliphatic nucleus, or, as 
is usually more convenient and commercially 
practical, by causing a naphthalene sulphonic 
acid or a homologue or derivative thereof to react 
with formaldehyde or its equivalent, preferably 
in the ratio of approximately two mols of sul 
phonic acid for each mol of aldehyde. The mem 
ber of the family which I prefer to employ be 
cause it is cheap and very effective for present 
purposes may be obtained by condensing beta 
naphthalene sulphonic acid with formaldehyde. 
The condensed and polymerized product may 

be prepared as follows: To 100 parts of concen 
trated sulphuric acid (specific gravity 1.84) con 
tained in a suitable Sulphonator and maintained 
at 160° C. are added slowly with stirring 100 parts 
of refined naphthalene. After all of the naph 
thalene has been introduced (this operation gen 
erally requires about one hour), the mass is 
stirred at 160° C. for four hours longer or until 
a test shows that Substantially none of the naph 
thalene remains unsulphonated. The sulphona 
tion mixture is then cooled to about 100° C. and 
diluted with 44 parts of water to prevent solidi 
fication. On Subsequent cooling. The diluted maa 
terial is further cooled to 80° C. at which tem 
perature 12 parts of a 40% aqueous solution of 
formaldehyde are added. This mixture is then 
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stirred for three hours longer at 80° C.; but at 
the end of each successive hour there are added 
12 parts more of formaldehyde Solution, making 
a total at the end of the three hours of four 
portions or 48 parts in all. After all the formal 
dehyde has been added, the temperature is 
progressively raised over a period of one hour to 
95-100° C. where it is miaintained for 18 hours 
while the mass is constantly stirred. Soon after 
the temperature has been raised to 95-100° C., 
it is found that Substantially none of the alde 
hyde remains unconsumed in the condensation 
reaction. During the later stages of the 18-hour 
heating period, the mixture progressively thick 
ens until at the end it generally reaches the con 
sistency of thick molasses. If this thickening 
becomes so great, however, as to prevent proper 
stirring, a Small quantity of water may be added 
to keep the material liquid. After the heating 
is completed, the mixture is cooled, neutralized 
With a suitable alkali, e.g. sodium hydroxide, and, 
if desired, dried. It is then ready for use. 
A Somewhat purer and better product can be 

obtained by diluting the viscous reaction mass 
with about three times its volume of water (the 
amount is not important so long as it is sufficient 
to permit convenient handling in the Subsequent 
filtering Operation), and neutralizing with line. 
For the latter purpose I generally use an aqueous 
paste or Suspension of hydrated or slaked line. 
The neutralized slurry is filtered hot to remove 
the calcium Sulphate precipitate which forms 
from the interaction of the lime and sulphuric 
acid unconsumed in the Sulphonation reaction; 
and to the filtrate is added the requisite amount 
of Sodium carbonate quantitatively to convert 
the calcium salt of the desired sulphonic acid 
into its Sodium salt. The resulting calcium car 
bonate precipitate may then be removed by filtra 
tion and the filtrate which contains the desired 
ingredient evaporated to dryness according to any 
of the well known drying procedures. 
The sulphonation of the naphthalene may be 

conducted in a cast iron vessel; but the reaction 
With formaldehyde is preferably carried out in 
enameled or lead-lined apparatus. 
A cheap grade of crude naphthalene may be 

employed in the foregoing detailed procedure 
without sacrifice of desirable qualities. The sub 
stitution of an alkylated naphthalene, e.g. methyl 
naphthalene or an ethyl naphthalene, for naph 
thalene itself results in a product which is par 
ticularly effective for present purposes. Such 
alkylated products, however, which are especially 
effective for use in the broader aspects of this 
invention, may be objectionable for some pur 
pOSes because, due to their tendency to reduce the 
Surface tension of water, they promote the for 
mation of foam in the Sulphur dispersion. Ma 
terials made from naphthalene sulphonic acids 
which are free from substituting alkyl groups 
have Substantially no tendency to reduce the sur 
face tension of water; and for this reason Sull 
phur dispersions prepared with them do not have 
the undesirable tendency to form foam possessed 
by aqueous dispersions of sulphur prepared with 
the aid of prior agents which, unlike present 
materials, generally rely for their effectiveness on 
their ability to reduce the surface tension of . 
water. The product obtained as described above 
by the reaction of naphthalene Sulphonic acid 
with formaldehyde is specifically recommended 
for use in a preferred form of this invention where 
the tendency to produce foam is objectionable. 

In the chemical reaction which Occurs between 
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a sulphonic acid of the naphthalene series and 
formaldehyde or its equivalent, it is my theory 
that the initial condensation reaction is followed 
by a progressive polymerization of the resulting 
condensed material, and that a certain optimum 
molecular weight is necessary to yield the best 
results for present purposes. 
Whereas I generally use the sulphonic acids 

"of the herein defined class in the form of their 
Sodium Salts, any water-soluble salt or deriva 
tive, or even the free acid, may be employed. 
Salts of monovalent metals, particularly the al 
kali metals, are preferable, however, to salts of 
polyvalent metals. 
In the practice of my invention aqueous dis 

persions of finely divided Sulphur may be pro 
duced according to any of the general manipu 
lative procedures formerly employed. The sul 
phur may be precipitated, as by the interaction 
of hydrogen Sulphide and Sulphur dioxide, in the 
presence of an aqueous solution of one or more 
of the herein described agents; or an ordinary 
form of elementary Sulphur, e.g. flowers of sul 
phur, may be made into a paste with a Solution 
of one or more of the described agents and the 
Wet mixture ground in a ball or colloid mill, or 
any other suitable form of wet grinding device, 
to the desired degree of fineness. The former 
method yields products which are superior in 
quality to anything known to me which has been 
prepared heretofore; and the latter method yields 
dispersions which, so far as I am aware, are bet 
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ter than any which can be made by wet grinding 
procedures without the aid of this invention and 
comparable with those formerly prepared by pre- : 
cipitation reactions. It is sometimes desirable 
to combine the dispersing agent with finely di 
vided sulphur in the dry state and then merely 
to stir the dry mixture into Water. In that case 
also, my invention affords advantageous results. 
Such dry mixtures, however, do not yield, when 

40 

stirred into water, suspended particles of sul 
phur existing in as finely divided condition as it 
is possible to obtain by a wet grinding or pre 
cipitation procedure. 

I have found that, in general, a quantity of dis 
persing agent equal to 2-5% of the weight of the 
Sulphur to be dispersed yields very satisfactory 
results. The precise quantity adapted to yield the 
best results in any given instance depends on the 
prevailing conditions-in particular, on the con 
centration of the dispersion, the condition of the 
sulphur, and the member of the herein described 
class of dispersing agents which is chosen; but 
the minimum quantity of agent required to yield : 
the optimum dispersing effect under any given 
set of conditions may be easily ascertained by 
trial. It may be stated in general that 4% of 
material made according to the detailed example 
given above Will afford the best results. 
Aqueous dispersions of sulphur prepared with 

the aid of this invention are substantially stable 
i. e. they generally display less tendency to settle 
and produce hard caked precipitates which are 
difficult to break up and redisperse than like 
Suspensions made according to other methods. 
This forms one of the principal advantages of the 
present invention. Similarly, examination under 
the microscope of dispersions prepared hereunder 
shows that the particles are less aggregated and 
engaged in more active Brownian motion than 
Sulphur particles of the same size derived from 
suspensions of different origin. Furthermore, in 
asmuch as my dispersing agents are not generally 
precipitated or destroyed by acids or heavy metal 

5) 

60 

() 



5 

0. 

2,028,482 
ions, the addition of these reagents to aqueous 
dispersons prepared with the aid of this inven 
tion generally produces no marked flocculation or 
precipitation of the suspended particles. This is 
in contradistinction to the behavior of sulphur 
suspensions formerly prepared, and makes the 
process and product of this invention particularly 
valuable for use in acid environments or in the 
presence of heavy metal ions normally coagulla 
tive of colloidally dispersed material. 
I am aware that certain synthetic tanning 

agents, which are obtained by the condensation 
of formaldehyde with any one of a large number 
of aromatic or organic compounds, have been 
suggested to assist the dispersion offinely divided 
inorganic materials in water. These synthetic 
tanning materials are as a class, however, ineffec 
tive for my purposes. My discovery is therefore 
limited to, and resides in, the use of dispersing 
agents having the structures of the products ob 
tained by condensing formaldehyde or its equiva 
lent with sulphonic acids chosen from the naph 

3 
thalene series; and, as previously stated, I prefer 
to employ materials which have been subjected to 
an optimum degree of polymerization. 

It should be understood that the present dis 
closure is for the purpose of illustration only and 
that this invention includes all modifications and 
equivalents which fall within the scope of the 
appended claim. 

clain: 
As a new composition of matter, an aqueous 

dispersion of sulphur which contains a soluble 
compound comprising the product obtained by 
condensing an aldehyde with a sulphonic acid of 
the napthalene series, said composition obtained 
by grinding the sulphur in an aqueous solution 
of the compound and being a stable fluid Sub 
stantially devoid of precipitated Sulphur Such 
as would produce caking, and showing a more 
active Brownian movement than sulphur particles 
of the same size in aqueous Solutions of other 
protective colloids. 

GEORGER. TUCKER, 
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