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ABSTRACT OF THE DISCLOSURE 
Water-dispersed compositions resulting from contacting 

Soluble silica (e.g., silicic acid sol) and at least 1 organo 
functional silane coupling agent that has been hydrolyzed 
in an aqueous system, said organo-functional silane having 
the general formula RSiR wherein R' is a saturated, 
unsaturated or aromatic hydrocarbon residue that has 
been functionalized by a member selected from the group 
consisting of amino, azo, thia, dithia, oxa, and multiples 
and combinations thereof; R is a hydrolyzable group com 
patible with R' selected from the group consisting of 
alkoxy, phenoxy, halo, amino, dialkylamino, and tertiary 
peroxyalkyl, and n is an integer having a value of 1-3. 
Some of these products have been shown to be very effec 
tive flocculants, particularly for the removal of biocol 
loids from waste water. Water dispersions of clay have 
been successfully employed instead of the silicic acid sol 
in the flocculation of biocolloids. 

BACKGROUND OF THE INVENTION 

Flocculants are materials used to bring about the aggre 
gation and precipitation of suspended colloidal particles 
and also to cause such loosely aggregated particles of a 
low density precipitate (or sludge) to bind more tightly, 
so that it becomes more dense and more easily filtered. 
Flocculants are widely used in water and wastewater treat 
ment: e.g., in the removal of silt from river water to make 
it acceptable for municipal use; in the removal of col 
loidal metal oxides from rolling mill wastewaters so as to 
make thern suitable for discharge; in the treatment of 
"white water' effluents from paper mills; as aids to the 
removal of suspended biological wastes from sewage; and 
as "conditioners” for decreasing the bulk and improving 
the filterability of sewage sludges. 

Substances having activity as flocculants fall into four 
main classes: the colloidal hydroxides of polyvalent metal 
ions, and water-soluble polymers of the anionic, non-ionic, 
and cationic polyelectrolyte classes. The colloidal metal 
hydroxides, notably ferric and aluminum hydroxides, are 
the oldest and best known flocculants or "coagulants.' 
Such materials are very effective flocculants for both in 
organic and organic colloids, but must be used in heavy 
doses-often considerably greater in weight than that of 
the material being removed. The anionic and non-ionic 
organic polymers, and also the weakly anionic inorganic 
polymer, silicic acid sol, work at considerably lower doses. 
These latter materials are quite effective in treating the 
inorganic colloid suspensions encountered in mining, 
metallurgical, and heavy chemical industrial waste, and 
also as "flocculant aids' for use in conjunction with metal 
hydroxide flocculants for improving the precipitation rates 
and filtration rates of flocs formed therefrom, but are of 
only limited utility as primary flocculants for colloidal 
biological wastes. The cationic polyelectrolytes, also use 
able at much lower doses than the metal hydroxides, range 
from fair to good in their activity on biological colloids, 
although rarely matching the hydroxide coagulants in 
efficiency of action. The performance of such polyelectro 
lyte flocculants cannot be improved beyond a certain point 
by increasing the dose; typically there is an optimum dose 
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2 
for maximum precipitation, and further addition of floccu 
lant simply causes resuspension of the precipitate. 

Flocculant action (whether in forming or in densifying 
a precipitate of aggregated colloidal particles) obviously 
requires that new or additional points of attachment be 
established between individual particles. There are two 
conflicting theories as to the mechanism by which poly 
meric flocculants effect the formation of such interparticle 
attachments. One, the charge neutralization theory, holds 
that the polyelectrolyte molecules adsorb on the colloid 
particles, neutralizing the particle charges, decreasing the 
zeta potentials thereof, and, as a result, eliminating the 
charge repulsions that ordinarily keep such particles from 
aggregating and precipitating. The other, or "bridging" 
theory proposes that different segments of the same poly 
mer molecule adsorb on different particles, thereby link 
ing them together. It is far from obvious that these two 
theories are either mutually exclusive or distinguishable 
at the molecular level. In any event, both theories require 
adsorption of the flocculant molecule upon the surface of 
the colloid particle as a critical step in the process of 
forming interparticle linkages. 

Presumably, a variety of forms of chemical and physi 
cal bonding might be involved in the attachment of a 
flocculant molecule to a colloid particle. However, the 
fact that biological colloids (e.g. bacteria)-all of which 
are normally negatively charged-are only flocculated 
efficiently by cationic polyelectrolytes (or by positively 
charged metal hydroxide particles) has been interpreted 
to indicate that only electrostatic forces are involved in 
such colloid-flocculant interactions. 
The terms “soluble silica” and “silica sol” are used 

herein to describe an aqueous system containing colloidal 
silica particles (ranging in size from about 10,000 A. to 
about 30 A.) dispersed therein. The term "silicaceous' en 
compasses both soluble silica and silicate particles e.g. a 
clay colloid, in the same particle size range. Precipitation 
does not occur so long as the electrical charge conditions 
on the particles are not changed significantly. The prepa 
ration of such a system is described in "The Colloid Chem 
istry of Silica and Silicates' by Ralph K. Iler (pp. 90-92); 
in Bulletin 52-19, “Treatment of Raw and Waste Waters 
With PQ Soluble Silicates' (Philadelphia Quartz Com 
pany, 1964); in U.S. Pat. 2,574,902-Bechtold et al. and 
in U.S. Pat. 2,577,485-Rule. All the aforementioned lit 
erature and patent sources are incorporated by reference. 
The term “water-dispersed” used in describing certain 

compositions in connection with the practice of this in 
vention indicates that the given composition (which is 
prepared in an aqueous system) is in the form of a homo 
geneous mixture that remains homogeneous for at least 
about 24 hours. Soluble silica and silica sols are, of course, 
water-dispersed within this definition. 

SUMMARY OF THE INVENTION 

Water-dispersed compositions have been prepared by 
contacting "soluble silica' with a hydrolyzed carbon 
functional silane. With some compositions prepared in this 
manner, the discovery of high performance flocculating, 
capability has been made. The macromolecular structure 
present in this composition may consist of silicic acid 
polymer molecules, the outer surfaces of which are 
partially covered with cationic silicon molecules attached 
thereto. One specific system that has been found to 
produce very effective flocculants, particularly for the re 
moval of biocolloids from wastewater, is produced by the 
reaction between a silicic acid sol and an amino-func 
tional aliphatic silane. The fluocculative effectiveness of 
the silicic acid polymer molecules so modified can be ex 
plained on the basis of the probable manifestation there 
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by both of the mechanism of attachment characteristics 
of silica sol and of the mechanism of attachment 
characteristic of cationic polyelectrolytes. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Basically the invention comprises modifying soluble 
silicic acid polymer molecules in an aqueous sol by con 
tact with a hydrolyzed coupling agent with the modified 
polymer molecules remaining dispersed. Hydrolyzable 
carbon-functional silanes are typical of the materials re 
ferred to as "coupling agents.' Coupling agents are simply 
molecules that possess two different kinds of reactivity. 
Most of the coupling agents that are presently used to 
establish a chemical bond with inorganic surfaces are 
organo-functional silanes. The silicone portion of these 
molecules has a unique affinity for such materials as glass, 
glass fiber, silica, quartz, aluminum silicate pigments, 
aluminum, magnesium and even steel. 

Conventionally, coupling agents are employed to 
provide a stable bond between two dissimilar surfaces at 
least one of which is inorganic, insoluble and has oxide or 
hydroxide groups available for reaction. Examples of 
such use are the treatment of glass fabric for use in rein 
forced plastics and the bonding of enzymes to inorganic 
materials, such as porous glass or insoluble colloidal silica 
as shown in U.S. Pat. 3,519,538-Messing et al., in 
corporated by reference. 

In contrast thereto in the instant invention a silicaceous 
colloid (e.g. a silica sol, which is a concentrated aqueous 
dispersion of colloidal-size particles of amorphous silica 
having negative charge to keep them soluble) is reacted 
in an aqueous system with a hydrolyzed coupling agent 
and a water-dispersed composition is produced. 

Also, for specific use as fluocculants, compositions pre 
pared by contacting a hydrolyzed coupling agent with 
silicate particles (e.g. clay particles) dispersed in water 
have been found to be effective, even though the composi 
tion may not be “water-dispersed” within the definition 
set forth hereinabove. 
The unique capabilities afforded by the soluble modi 

fied silicic acid polymer molecules of this invention for 
considerably more effective introduction to and distribu 
tion in aqueous system make this composition effective as 
a flocculant, as a sizing agent for glass, as a primer and/ 
or as an anti-static agent. Evaluation of many of these 
water-dispersed silicone-silica compositions for their per 
formance on both prepared bacterial cultures and on raw 
sewage has established that flocculation effects using small 
doses may be achieved that are comparable to those pro 
duced by heavy doses of inorganic coagulants. Quanti 
tatively, the dosages used with compositions of this in 
vention are comparable to the lower dosage levels re 
presentative of the use or organic polyelectrolytes. Unlike 
conventional organic polyelectrolytes, however, the floc 
culant compositions of this invention do not appear to 
cause resuspension of the floc when introduced at levels 
greater than the optimum. 

Other very important aspects of the use of the composi 
tions of this invention as fluocculants are that the floccula 
tion action occurs almost instantaneously (although it 
may take several minutes for the floc to settle); the floc 
produced is of a dense, film and cohesive nature and the 
level of biocolloid removal is very high. 

Silica sols useful in the practice of this invention may 
be prepared as described hereinbelow or esle com 
mercially available aqueous colloidal silica sols, slightly 
modified, may be employed. “Ludox' HS and "Ludox' LS 
(E. I. duPont de Nemours and Company) are examples 
of suitable commercial aqueous silica sols prepared in ac 
cordance with the teachings of the aforementioned U.S. 
Pats. 2,574,902 and 2,577,485. 

Preparation from water glass solutions by the N-Sol-A 
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4. 
(NSA) method (described in the 
52-19) is as follows: 

aforementioned Bulletin 

Solution A.-Sodium silicate. 174g. of commercial water 
glass (40-42 Bé.) was diluted to 1 liter with distilled 
Water. 

Soultion B-Sulfuric acid. 25.5 g. of concentrated HaSO4 
was diluted to about 1 liter, the concentration being ad 
justed such that 10.0 ml. of solution "A' in 100 ml. 
water required 10.0 ml. of solution "B" for neutraliza 
tion to a methyl orange end-point. 

First 15 ml. of water was added with stirring to 10.0 
ml. of solution "A.' Next, 8.5 ml. of solution "B" was 
added to the diluted solution 'A' with stirring. The mix 
ture was aged without stirring for 2.0 hours and then 
diluted with water to 100 ml. This alkaline silica solu- : 
tion (concentration: 5.0 mg. SiO2/ml.) could be used 
either immediately or within as long as one month. . . . . 
As is described in Example 2 below commercial silica 

sols may be used in the diluted condition. 
Exemplary of coupling agents useful in the practice 

this invention are the organo-functional/silicon-func 
tional silicone compounds characterized in that the sili 
cone portion of the molecule has an affinity for inorganic 
materials having available oxide or hydroxide groups, 
while the organic portion of the molecule is selected for 
the capability thereof to combine with organic materials, 
such as proteins. 
A multitude of different silane coupling agents can be 

used to prepare the soluble silicone-silica compositions 
of this invention and these may be represented by the 
general formula: 

RSiR4-n 
where R is a saturated, unsaturated or aromatic hydro 
carbon residue functionalized by a member selected from 
the group consisting of amino, carbonyl, carboxy, iso 
cyano, azo, diazo, thio, thia dithia isothiocyano oxo, oxa, 
halo, ester, nitroso, sulfhydryl halocarbonyl, amido, sul 
fonamido and multiples and combinations thereof; R is 
a hydrolyzable group compatible with R' selected from 
the group consisting of alkoxy, phenoxy, halo, amino, di 
alkylamino and tertiary peroxyalkyl; and n is an integer 
having a value of 1-3. 

Preferred coupling agents for the practice of this inven 
tion are the amino-functional multi-alkoxy silanes, such 
aS 

TABLE I 
Silane: 

3 - aminopropyltriethoxysilane ------------ AP. 
N - (2-aminoethyl)-3-aminopropyltrimethoxy 

silane ------------------------------- EP 
4,7,10 - triazadecyltrimethoxysilane -------- DP 
4,7,10,13,16 - pentaazahexadecyltrimethoxy 

silane ------------------ 
1,4-bis(dimethylamino) - 2 - butenyl-2-tri 

methoxysilane ------------------------ DAM 
3,3-dimethyl - 4 - oxa-7-amino-hepten-1-yltri 

methoxysilane ------------------------ APE 
3 - aminopropylmethyldimethoxysilane ----- DAP 
3 - N,N- diethyl-aminopropyltrimethoxysil 

-------------------------------- DEP 
3 - N - piperazyl-propyltrimethoxysilane - PIP 
3,3 - IN,N' - piperazyl - bis - propyltrime- - 

thoxysilanel ------------------------- DIP. . . 
4,7,11-triazaundecyltrimethoxysilane. 
3,3-dimethyl-4-oxo-8,12-diaza-dodecyl-1-ene 

trimethoxysilane. 
4-oxa-7-aminoheptyltrimethoxysilane. 
4,7-dioxa-10-aminodecyltrimethoxysilane. 
4-thia-6-aminohexyltrimethoxysilane. 
3,6-dithia-8-aminotriethoxysilane. 

TP 

Before the Selected coupling agent is effective in any 

Code identification 

of 

System, it must be hydrolyzed, which requires a combina 



3,810,843 
5 

tion of water and a base (or acid) catalyst. In the case of 
trialkoxy silanes, first the siliconate is formed: 

For convenience, the siliconate is converted to the silicon 
ic acid for reaction with the silica sol. 

Hydrolysis develops the full capability of the coupling 
agent (by removing the protective groups) to function in 
accordance with this invention when employed with solu 
ble silica. If the hydrolysis is effected in an aqueous solu 
tion having a pH of about 7, the hydrolyzed coupling 
agent molecules are free to polymerize by condensation. 
The extent of the resulting polymerization is a function of 
the concentration of coupling agent, i.e. the greater the 
concentration thereof, the larger the molecular weight of 
the polymer molecules. At practical concentrations of cou 
pling agent, objectionable gelling occurs. On the contrary, 
if the hydrolysis is conducted in a strongly basic aqueous 
solution, no polymerization occurs. When hydrolysis is 
conducted in an acid aqueous solution, polymerization 
will proceed to some extent but so long as the pH is rela 
tively low, e.g. below about pH 4, objectionable gelling 
will not occur for several days. 

All temperatures indicated in the following examples 
are in degrees centigrade. 

EXAMPLE 1. 

To 50.0 ml, of 2.0 N NaOH solution 22.1 g (0.1 mole) 
of AP was added slowly and with stirring. The mixture 
was warmed for about 0.5 hr., then cooled and diluted 
with water to 100.0 ml. Concentration: 1 M in siliconate. 
To 10 ml. of water 4.0 ml. of 1 NHSO4 was added with 

35 stirring followed by the addition thereto of 2.0 ml. of the 
1 M sodium 3-aminopropylsiliconate solution. The volume 
was then adjusted to 25.0 ml. with water providing a con 
centration of 0.08M in siliconic acid for the preparation 
of the water-dispersed compositions as described in Ex 
amples 2 and 3. 

way as in Example 1 except that in those instances in 
which the resulting 1 M solution was cloudy, it was di 
luted with water to 0.5 M and in the case of other siliconic. 
acids prepared in similar (as in Example 1) manner, pro 
vision was made for the fact that one equivalent of acid 
is required to neutralize the sodium salt resulting from 
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6 
diluted 1:3 (by volume) with water. The silicone con 
centrations in the resulting water-clear product were the 
same as those prepared with silica sol made as described 
hereinabove by the NSA method. 

Silicone-silica compositions were prepared using a vari 
ety of different silane coupling agents. Both AP and EP 
are commercially available (Union Carbide Corporation 
and Dow Corning Corporation, respectively). The AP 
compound may be prepared by the process described in 
U.S. Pat. 2,930,809-Jex et al. and the EP compound may 
be prepared by the process set forth in U.S. Pat, 2,971,864. 
The APE compound is prepared by the process described 
in U.S. Pat. 3,549,590-Holdstock et al. and 4 - thia - 6 
amino hexyltrimethoxysilane is prepared by the process 
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Other siliconate solutions were prepared in the same 
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the NaOH addition and one additional equivalent of acid. 
is needed for each amino group contained in the molecule. 
Such solutions were found to be stable up to several 

days, depending on the specific siliconic acid and the pH. 
The more acidic solutions seemed to keep longer before 
the formation of precipitate occurred. 

EXAMPLE 2 

To the appropriate quantity of 0.08 M siliconic acid 
solution from Example 1 (e.g. 1, 2 or more milliliters, 
depending on whether a 1:10, 2:10, etc. molar ratio was 
desired) 0.5 ml. of 0.5 N 2SO4 was added, with good 
stirring. This was followed by 10.0 ml. of the alkaline 
silica sol prepared as described hereinbelow. The Water 

(CHO)SiCH2CHCH-N-CHCHNH cott 

set forth in U.S. Pat. 3,488,373-Berger. Other coupling 
agents employed were prepared as follows: 

EXAMPLE 4 

For the preparation of DP: into a 3 necked flask con 
taining 333 g (1.5 moles) of N-(2-aminoethyl)-3-amino 
propyltrimethoxysilane and 1.5 g. ammonium chloride 
catalyst, 64.5 g. (1.5 mole) of ethylene imine was added 
slowly at 100° C. over a period of 4 hours. A mild exo 
therm developed and the temperature was maintained at 
100-115 by controlling the rate of imine addition. Fol 
lowing completion of the addition, the temperature was 
held at 120 for three additional hours. A gas chro 
matography (GC) scan showed starting material as 
well as mono, di, etc. addition products. It was shown later 
that the GC analysis of the reaction mixture had not been 
accurate in determining the degree of completion of the 
reaction. Even after two days at 120° C., no change in 
reaction was evident by G.C. Upon flashing the mixture 
at reduced pressure, a cut was obtained (B.P. 130-145/ 
0.1 mm. 150 g.) which was shown by GC to be about 
94% pure. Attempted fractionation resulted in decom 
position. The proposed structure set forth in the reaction 
below was supported by NMR analysis. 

- B : 

H. . H. H. 
: (CHO) siCHCHCH-N-CH,OH,-N-CHCH-NH. 

50 
EXAMPLE. 5: . . . . . . . 

For the preparation of TP: into a 3 necked flask con 
taining 333 g. (1.5 moles) of N-(2-aminoethyl)-3-aminos: 

55 

60 

clear mixture was then aged without stirring for 1-2. 
hours. The concentrations of silicone residues in the re 
sulting solution were thus 6.96x108 M in 1:10 formula 
tions and 12.78x108 M in 2:10 formulations (i.e., cor 
responding to 1.245X10.8 g/ml, and 2.29X10 g/ml, 
respectively, of the initial AP). 

EXAMPLE 3 

To 9.4 ml, water was added with stirring 0.5 ml. of 
0.5 N HSO. The appropriate volume (e.g., 1 or 2 mi., 
depending on the molar ratio desired) of the siliconic 
acid of Example 1 was also added followed by 0.6 ml. of 
Du Pont soluble silica (e.g. “Ludox SM-30'), previously 
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propyltrimethoxysilane and 1.5 g. ammonium chloride , 
catalyst was added slowly at 100 C. 129.g. (3...moles): 
of ethylene imine-over a period of 4 hours. A mild exo-.. 
therm developed and ; the temperature was maintained, 
at:100-115° C. by the rate of imine addition. Following 
completion of the addition, the temperature was held 
at 120° C. for 3 additional hours, Low.boiling come , , 
ponents (e.g. unreacted ethylene imine) were removed 
by holding the reaction at 100° C. and 0.2 mm. pres-, . 
sure for 3 hours. Analysis by nuclear magnetic.resonance". 
(NMR) indicated the average number of added ethylene 
imine units incorporated into the product was 2:... . . . . . 

H. H . . . . 

(CH,0)-sich-CHCH-i-CHCH-i-CH,CH 
; : CH. . . . . 

ch, 
NH, 
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EXAMPLE 6 
For the preparation of DAM: to a reaction flask con 

taining 14 g (0.1 mole) of 1,4-bis(dimethylamino)- 
butyne-2 and 3 drops of 0.1 N chloroplatinic acid (in 
isopropanol) was slowly added 16.4 g (0.1 mole) of 
triethoxysilane at a temperature of 110° C. No reaction 
was evident during the addition so the mixture was 
maintained at reflux for 8 hours. During this time the 
pot temperature rose from 128 C. to 165 C. Gas chro 
matographic analysis following the 8 hour reflux period 
showed that a higher boiling adduct had formed. Frac 
tional distillation of the reaction mixture provided 20 g. 
(66% yield) of the desired adduct boiling at 104 
C./0.6 mm. Hg. The purity of the adduct was >99% 
by GC. The infrared spectrum of the distilled product 
was found to be consistent with the proposed structure. 

(CI)N-CH2C a CCH-N(CH3) -- (CEO)Sil 
Pt. 
-- (C2H5O). Si-C-CHN(CH3)2 
Cat. 

H-C-CHN (CH3)2 

EXAMPLE 7 
For the preparation of DAP: cyanoethylmethyldichlo 

rosilane is first prepared as described in U.S. Pat. 2,971,- 
970-Bluestein. Conversion to the alkoxysilane is de 
scribed in U.S. Pat. 3,008,975-Schubert and this step is 
followed by reduction as shown in U.S. 2,930,809-Jex 
et al. 

EXAMPLE 8 

For the preparation of DEP: into a 3 necked flask 
equipped with a stirrer, thermometer and condenser and 
maintained under an inert atmosphere was placed 83.3 
g. of 3-chloropropyltrimethoxysilane (0.5 mole), 73 
grams of diethyl amine (1.0 mole) and 400 grams of 
dimethylformamide. The reaction mixture was brought 
to reflux -92 and kept at reflux for a period of 6-8 
hours. The reaction temperature at this stage was 120 
C. Upon cooling, a white crystalline precipitate formed 
identified as diethylamine hydrochloride. The yield cor 
responded to roughly 0.5 mole. The resulting clear 
brownish liquid was fractionated. Upon removal of sol 
vent the product (DEP) was obtained (B.P. 94-85/2 
mm.). The yield was in order of 85%. A vapor phase 
chromatography (VPC) scan showed a purity of better 
than 99%. An infrared (IR) scan taken was consistent 
with the proposed structure. 

EXAMPLE 9 

A reaction mixture consisting of 39.8 g. 3-chloropro 
pyltrimethoxysilane (0.2 mole), 17.2 piperazine (0.2 
mole), 30.6 g. triethylamine (0.3 mole) and 100 ml. di 
methylformamide (DMF) were combined and heated to 
70° C. for 6 hours. Stirring was vigorously maintained 
during this time. A voluminous precipitate had formed. 
A VPC scan showed two adducts were present in ad 
dition to the starting silane. Upon further heating at 
70° C. no additional changes in product composition (via 
VPC) were noted. In further experiments, it was noted, 
however, at higher temperature large quantities of II 
(3,3'-N,N'-piperazyl-bis-propyltrimethoxysilane had 
formed at the expense of material I (3-N-piperazyl)- 
propyltrimethoxysiloxane). 
The reaction was arbitrarily terminated. The salts were 

filtered and the DMF was removed at reduced pressure. 
The remaining liquid flashed at 0.3-0.6 mm. and a frac 
tion was obtained in the range of 68-145 yielding 42 
grams. The remaining product in the pot gelled. Several 
such runs were combined and fractionated. It was noted 
that the ratios of II to I increased over that initially 
present prior to distillation. This seemed to indicate that 
reaction of 3-chloropropyltrimethoxysilane with I was 
continuing during the distillation. Upon fractionation, 
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8 
pure I (B.P. 102/0.65 mm.) was obtained. Purity via 
VPC was >99%. An IR showed weak =NH at 3.1, 
CH3OSis at 0.2u and the -(CH2) - in the range 7-8a. 

Pure II was obtained at B.P. 156/0.2 mm. Purity via 
VPC was 99%. An IR was similar to I but lacking -NH 
absorption. Overall yield of both I and II combined based 
on the chloropropylsilane was 55%. 

C-CH 

NH 
Co-CE 

DMF 
-- (C2H5)3N -> (CHO). SiCH2CH2CHN NH 

(I) 

+ (CHO) a SiCH2CHCH-N N-CH2CHCH, Si(OCH) 

(II) 

EXAMPLE 10 
First, 3-thia-5-mercaptopentyltriethoxysilane, B.P. 108 

C./0.7 mm. Hg) was obtained pure and in 65% yield 
by fractionation of the product mixture from the thermal 
addition of ethanedithiol to vinyltriethoxysilane, using a 
substantial excess of ethanedithiol. 

Thereafter, to a flask containing 28.4 gm. of the above 
mercaptothiosilane (0.1 mole) and three drops of Triton 
B previously heated to 80° C., was added dropwise over 
a period of one hour 4.3 gm. of ethyleneimine (0.1 mole). 
A mild exotherm was observed, but reaction temperature 
was controlled 5 C. Upon completion of the addition, 
the reaction mixture was cooked at 80 C. for three hours. 
During this process a slight amount of precipitate (poly 
ethyleneimine) formed in the flask. The product mixture 
was filtered at the pump prior to analysis by gas chro 
matography. This analysis indicated a product yield of 
approximately 80%. Upon fractionation, the compound 
distilled over at 162° C./0.6 mm. Hg. Gas chromato 
graphic analysis of the distillate showed the purity ex 
ceeded 98%. An infrared spectrum of the material 3,6- 
dithia-8-aminotriethoxysilane) was entirely consistent with 
the proposed structure. 

N 
HSCH2CHSCHCHSiCOCH2CH) -- cí, C 

EXAMPLE 11 
Into a reaction flask containing 89 g. of 9-decenyl cy 

anide (B.P. 152/1.5 mm.) (0.54 mole) and 3 drops of 
0.1 N chloroplatinic acid and heated to 100 was added 
slowly 73 g. of trichlorosilane (0.54 mole). (The 9-dece 
nyl cyanide is prepared by the pyrolysis of castor oil to 
produce undecylenic acid followed by conversion of the 
carboxyl group to nitrile by a well-known reaction not. 
shown.) An exothermic reaction occurred and the reac 
tion temperature climbed to 163 C. The silane rate was 
slowed down until the pot temperature dropped to 130 
and was maintained at this level. Toward the end of the 
reaction, external heat was applied to keep the reaction 
at 100 C. After heating at 100° C. for 2 hours, the re 
action was cooled and examined by VPC. It was indi 
cated that a high boiling adduct had formed and was 
present to the extent of 75%. Without isolation, the low : 
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boiling components were removed up to a pot tempera 
ture of 120° C. and 75 mm. pressure. The reaction mix 
ture was subsequently cooled and treated by slowly adds 
ing 180 g. methylorthoformate (1.7 moles). A brisk evolu 
tion of methyl chloride was observed. Following complete 
addition of the methylorthoformate, 100 ml, of metha 
nol was added followed by anhydrous ammonia gas for 
20 minutes. A small precipitate of ammonium chloride 
was observed. The reaction was filtered and fractionated. 
There was obtained 120 g. of product (10-cyanodecyltri 
methoxysilane) (B.P. 142/0.6 mm.). 
The 10-cyanodecyltrimethoxysilane (85 g. GC purity 

99%) was charged into a Parr hydrogenator with 20 g. 
Raney nickel catalyst and heated to 110 under 50 p.s.i. 
hydrogen pressure. After a period of 8 hours a theoreti 
cal hydrogen absorption was observed. Further pressure 
drop did not occur. The reaction was cooled to room tem. 
perature, vented of excess pressure, filtered and distilled. 
There was obtained 50 g. of product 11-aminoundecyltri 
methoxysilane, B.P. 138/0.15 mm. An IR. spectrum 
showed complete absence of nitrile absorption and the ap 
pearance of -NH absorption. An NMR was consistent 
with the proposed structure. 

Pt 
ClSiH -- CH=CH-(CH2)6-CN -9 

CH3OH 
ClSi(CH2)CN --) (CHO)SiOCH)10CN 

-HCl 

H2:Ni 
(CHO)-Si(cH2) -CN (CHO)-Si (CFL) 1-NH2 : 

EXAMPLE 12 

Into a reaction flask was placed 85g. of 4-thia-6-amino 
hexyltrimethoxysilane (0.35 mole), 15.3 g. of ethylene 
imine (0.35 mole) and 2 gram of ammonium chloride. 
The reaction was then brought to reflux and heat was ap 
plied for a period of 5–6 hours taking care that the ten 
perature did not exceed 120° C. Following this a G.C. 
showed that a higher boiling adduct was present. Upon 
fractionation, a pure cut was obtained at 148-150/0.2. 
mm. (>99% G.C.). An IR scan was consistent with the 
proposed structure (4 - thia-6,8-aminooctyltrimethoxysi 
lane) and further confirmation was obtained by NMR. 
Total product obtained was 30 g. 

N 

(CHO)=SiCH, CHCHSCHCH-NH, + C -CH, 
NHC 

O 

5 

20 

25 

30 

10 
refluxing. for about 2 hours, gas chromatography indi 
cated an adduct was being formed. An additional 2 drops 
of platinum catalyst solution was added and the reaction 
maintained at reflux. After 42 hours the reaction was about 
75% complete. It was terminated and fractionated. The 
yield of product (B.P. 137/8 mm.) was 60%. Both IR 
and NMR were consistent with the product (2,2-dimethyl 
5-trimethoxysilylpentenal dimethylhydrazone) structure. 

CEs 

(CHO). SiH -- CH-CH-CH--CH-N-NC 
CH 

CH 
Pt 

were 

CE / 

(Cho) siCHCHCH--CH-N-NC 
H CB 

C 

EXAMPLE 14 

Into a 500 ml. pressure bottle was placed 50 grams of 
3,3-dimethyl - 4 - oxa-7-amino-hepten-1-yltrimethoxysi 
lane, 10 grams of Raney NiT-1 catalyst and 4 gram of 
sodium methoxide. The bottle was placed in a Parr hy 
drogenator and pressurized with hydrogen to 55 p.s.i. 
Shaking was started as the reaction mixture was heated to 
95. As the pressure dropped to 45 p.s. i., additional hy 
drogen gas was introduced to maintain a pressure of 55 
p.s. i. After a time interval of 3 hours a total pressure drop 
of 31 p.s. i. had occurred and further drop in pressure did 

- not occur. The excess pressure of the cooled system was 
released and the liquid decanted carefully away from the 
solid catalyst and distilled to produce 35 grams of product 
(B.P. 151/0.5 mm.). The IR showed complete absence 
of nitrile absorption at 4.38u present in starting material 
and also showed the presence of primary amine absorption 

35 

40 

45 

at 3.05u. The purity of the product 3,3-dimethyl-4-oxa-8- 
azal-11-aminoundecen-1-yltrimethoxysilane by VPC was in 
the order of 99%. 

3 : . . . . . ;, i. CH 

(CHO) siCH=CH--0 CHCHCH-CHCHCN Ha 55p.s.l. 
' (H, Ni 

: ... . . . C 

(CHo).siCH=CH-i-ocHCHCH-i-CHCHCH-NH, 
CH, 
EXAMPLE 15 

50 
(CHO)=SICH, CH, CH,SCH, CHNHCH, CH-NH 

EXAMPLE. 13 

A solution of 173 g. of 2,2-dimethyl-4-pentenal (1.77 
moles) and 106 g. of N,N-dimethylhydrazine was pre 
pared in 250 ml. of dry benzene. The mixture was brought 
to reflux such that the water was removed azeotropically 
as it formed. When water no longer collected in a Dean 
Stark trap, the product was fractionated. A 95% yield of 
2,2-dimethyl-4-pentenal dimethylhydrazine (B.P.'55"/12 
mm. VPC purity>99%) was obtained. 

C CE 
/ CH=CE-C H.--Cho -- N-N Hydrocarbon 

&H, a-a-a-alais-lead 

CE 
Cls 

/ 
CECH-CH-C-C H=N-N 

CH 

CH 

To 22 g. of the hydrazone heated to 120 130 C. and 
containing 2 drops of Lamoreaux platinum catalyst, 19.3 
g. of trimethoxysilane was slowly added. No reaction was . 
evident. It was then brought to reflux at 145 C. After 

-- Ho 

A mixture containing 44.2 g (0.2 mole of 3-amino 
'. propyltriethoxysilane, -21.2 g (0.2. mole) of 4-vinylpyri 
dine, and 3 g of glacial acetic acid was stirred and heated 
at 120° C. for a period of 4 hours. Gas chromatographic 
analysis showed the presence of both a mono- and bis 
adduct as well as unreacted starting materials. Fractional 

55 

60 

65 

to 

75 

distillation under high vacuum yielded a mono-adduct 
(B.P. 140-143° C./0.2 mm. Hg) and a bis-adduct (30 g. 
with B.P. 163–165° C./0.2 mm. Hg). Both reaction prod 
ucts were pure by GC and their infrared spectra were con 
sistent with the expected molecular structures. 

HC-CH 

(CH3CHO). Si(CH)-NH + O 
- . . . NN/ 

- (CHCHo).SCH-NHCHCH-(O)N + 
(CHCH.O.S.CH-N(CHCH-(O)N), 

EXAMPLE 16 

Into a 500 ml. pressure bottle was placed 98 grams of 
4,7 - dioxa-9-cyano-nonyltrimethoxysilane and 18 grams 
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Raney nickel catalyst. The bottle was placed in a Parr 
hydrogenator and pressurized with hydrogen to 40 p.s.i. 
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Shaking was started while the reaction mixture was heated 
to 60-70° C. As the pressure dropped below 30 p.s. i. ad 
ditional hydrogen gas was introduced to maintain a pres 
sure of 40 p.s. i. After a time interval of 13.5 hours a total 
pressure drop of 98 p.s. i. had occurred and further drop 
in pressure did not occur. The excess pressure of the 
cooled system was released and the brownish liquid was 
carefully decanted away from the catalyst and distilled. 
There was obtained 48 grams of product (4,7-dioxa-10 
aminodecyltrimethoxysilane) B.P. 133-135/0.40 mm., 
whose purity by gas chromatography was >97%. An IR 
scan showed complete absence of nitrile absorption at 
4.45p, and the appearance of amine absorption at 2.1 and 
6.25a. The yield from the hydrogenation reaction was 
63%. 

EXAMPLE 1.7 

Into a 3-necked flask equipped with an additional fun 
nel, thermometer, stirrer and condenser was placed 102 
grams 2-(allyloxy)ethanol (1 mole). The flask was then 
heated to 80 while 1 cc. of 40% solution of Triton B 
was added. When the reaction pot reached 80, the addi 
tion of 53 g. cyanoethylene was started. A vigorous exo 
thermic reaction occurred and the external heat source 
was removed. The reaction temperature was kept at 
115-10 by rate of cyanoethylene addition. After com 
plete addition, the reaction was kept at 110 for 3 addi 
tional hours. A VPC scan showed that a high boiling ad 
duct had formed. Upon fractionation, there was obtained 
105 grams of product (4,7 - dioxa-9-cyano-1-nonene), 
B.P. 88-90/0.25 mm. 

Thereafter at 100° C. 12.2 grams of trimethoxysilane 
(0.1 mole) was added dropwise to a mixture of 15.5 grams 
4,7 - dioxa-9-cyano-1-nonene containing 4x105 moles 
Pt/mole nitrile as Lamoreaux catalyst. A very exothermic 
reaction occurred and the temperature climbed to 135. 
The external heat source was removed and a temperature 
of 125-140 was maintained by rate of addition. After 
about 34 of the silane was added, the reaction tempera 
ture began dropping and external heat was applied to keep 
the temperature to 120. Upon complete addition, the 
flask was kept at 125 for 3 additional hours and frac 
tionated. Three cuts were taken: 

ead Pressure, mm 

Cut number 1------. To 14---- 0.4 
Cutnumber 2.------- 141------- 0.4 
Cut number 3-------- 144------- 0.45 

Cuts 2 and 3 were combined (15 grams) and redis 
tilled. The product (4,7 - dioxa-9-cyanononyltrimethoxy 
silane) came off at 137/0.3 mm. Its purity by VPC was 
99%. 

Triton 
CH=CH-CHO-CHCH-OH -- CH-eCH-CN --> 

CH-seCH-CHO-CHCHOCHCHCN 
HPtCl 

(CHO)SiH - CH=CH-CHO-CHCHOCH2CHCN---> 
(CHsO)SiCHCHCHOCHCHOCHCHCN 

A quantity (98 grams) of this yield was reacted in hy 
drogen in the presence of 18 grams of nickel catalyst for 
13/2 hours. The temperature was maintained in the 
60/70° C. range. Pressure was maintained at 40 p.s.i. by 
recharging to compensate for pressure drop. Forty-eight 
grams of product 4,7-dioxa-10-aminodecyltrimethoxysil 
ane was obtained (63% yield, 98% pure, B.P. 133/135 
C. at 0.4 mm. Hg). An IR analysis showed complete 
absence of nitrile absorption at 4.45u and the appearance 
of two bands (at 2.1p and 6.25a) characteristic of amine 
absorption. 

12 
Silicone-silica compositions prepared according to this 

invention were tested both on building sewage (predomi 
nantly raw sewage) and on a microbial test culture 
(MTC). For the preparation of the MTC 175 g. of lettuce 
was homogenized in about 500 ml. of water. To the 
homogenate were added 15 ml. each of solution C and D 
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(below) followed by 0.2 g of a commercial (Difico) yeast 
extract and 75 ml. human urine. The mixture was again 
homogenized for 1 minute, diluted with water to 1 liter 
and stored under refrigeration. 

SOLUTION C 
M 

KH2PO4----------------------------------- 0.025 
NH4OH ----------------------------------- 0.025 

SOLUTION ID 
G. 

MgSO4.7H2O -------------------------------- O.O 
NaCl -------------------------------------- 0.5 
FeSO4.7H2O -------------------------------- O.S 
MnSO4.4H2O ------------------------------- 0.5 
Water up to 250 m. 
To 1 liter of tap water, aerated for 24 hours, were added 
50 ml of concentrated medium (the aforementioned re 
frigerated mixture) and 10.0 ml. of inoculum (1 day old 
MTC, before dilution). This mixture was stirred for 24 
hours, then diluted with 0.5 liter of aerated tap water, 
and again incubated with stirring for another 24 hours. 
Finally, this diluted mixture was left to stand without 
stirring for 2-4 hours and the supernatant MTC decanted 
from the sediment, which was discarded. 
The original inoculum was obtained by adding to the 

diluted refrigerated mixture (described above) a few lumps 
(N5 gm.) of garden soil and a few chunks (-5 gm.) of 
material from compost heap. This culture, therefore, con 
tained a complex mixture of wild aerobic mesophiles, 
mostly coliform. 
The resulting MTC consists of a suspension of live 

mixed mesophilic soil organisms, ranging from 108 to 
10 organisms/cc. in concentration, plus some undigested 
plant matter. The Chemical Oxygen Demand (COD) 
thereof was about 170 p.p.m. Microscopic examination 
indicated a large number of bacilli with cocci also present. 
A detailed examination of the bacterial flora (which un 
doubtedly changed with time) was not undertaken. 

Although the MTC was always prepared by the same 
procedure, from the same medium concentrate and under 
controlled conditions, some batch to batch variation in 
visual appearance and optical absorbance occurred. Ac 
cordingly, in testing flocculation it was customary to make 
measurements (for each flocculant tested) on several dif 
ferent MTC preparations and average the results. 

Available evidence has indicated that the MTC biocol 
loid is more difficult to flocculate than biological waste 
effluents ordinarily encountered in the field. Generally, 
only /3 to Ao as much flocculant seemed to be required 
to focculate raw sewage as was necessary for MTC (the 
concentration of the sewage and the MTC being equal). 
The test procedure using the MTC was different from 

the jar test procedure employing building sewage. In the 
test procedure for the MTC, to 100 ml. of MTC in a 
150 ml. beaker the appropriate amount of silicone-silica 
flocculant solution was added. The sample was stirred on 
a magnetic stirrer for 60 seconds, counting from the 
start of flocculant addition. Then the beaker was placed 
on a shaker oscillating at 150 cycles/min, for a period of 
15 minutes. The flocculated MTC was then transferred 
to a 100 ml. volumetric cylinder and allowed to settle 
for 45 minutes. When particles of floc adhered to the 
sides of the cylinder, the cylinder was swirled gently to 
dislodge them. 
The effectiveness of the various silicone-silica copoly 

mer flocculants was evaluated by measuring the reduction 
in the turbidity of the processed MTC at 500 nanometers 
(nm.). An aliquot was removed from near the top of 



3,810,843 
13 

the volumetric cylinder and the optical absorbance thereof 
was measured using distilled water as the blank. Measure 
ments of light transmitted through the sample were made 
using the Gilford attachment to the Beckman DU spectro 
photometer. 
The turbidity reduction was expressed as percent of 

optical absorbance (A) (at 500 nm, unless otherwise 
noted) removed (percent R): 

Percent R=1- fix 100 
MTC 

Most of the results reported in the tables set forth below 
are arithmetic averages of measurements on at least 3, 
but often as many as 12, separate runs. 

In Table II, column X, data are presented from one 
series of tests wherein the reductions in turbidity were 
measured as the changes in the percent light absorbed 
at 460 nm. The results in column Y are from a second 
series of tests wherein the reduction in turbidity were 
measured as the changes in the percent light absorbed 
at 500 nm. Flocculation for the data of both Tables II 
and III was conducted on the MTC medium. Identifica 
tion letters are from Table I. 

TABLE 

Percent reduction 
in turbidity 

Flocculant X 

Inorganic coagulants:200 p.p.m. alum plus 50 p.p.m. 
activated silica Sol-------------------------------- 60 ---------- 

Silicone-silica composition: 
77 p.p.m., 1 Imole AP per 10 moles silica Sol.--- 80 ---------- 
68 p.p.m., 2 moles EP per 10 moles silica Sol-------------- 97 

Organic polyelectrolytes (cationic): 
40 p.p.m. Rohm and Haas C-7----------------- - 0 26 
40 p.p.m. Dow C-31---------------------------- '^0 ---------- 

"Some coagulation occurred but little or no setting of the suspensions 
during 1 hour of observation. 

Table III presents data showing the flocculation activ 
ity (or inactivity) of a number of water-soluble silicone 
silica compositions. In each case silicic acid sol prepared 
by the NSA method was contacted with the hydrolyzed 
carbon-functional silane indicated by substituent, the sub 
stituents shown were attached to the silicon atom in 
-SiR- silicones where R is a methoxy or ethoxy group. 
All the silicone-silica solutions prepared from the sili 
cone materials disclosed herein, which lack of flocculant 
activity may still be used as sizing agents for glass, as 
primers or as anti-static agents. 

TABLE III 

Substituents on Si in silane Performance 

-CHCHCH-NH (AP) Active. 
-CHCHCHNH-CHCH-NH (EP) D0. 
-(CH)3(NH-CHCH)NH (DP) Do. 
-CH)3(NH-CH2CH2)4N (TP) Do. 

--CH-N(CH), (dAM) Do. 
C-CH-N(CH3)2 

-CH=CH-C(CH3)-O-(CH)sNH (ADE) DO. 
-CHCH2CH2N(CH2CH2) (DEP) ED.o. 
-CH=CH-C(CH3)-N-CH(CH3) a on - - - - - s Do. 
-CHCHCHNH, -CH3 (DAP) Do, 
-(CH2)3-C(CH3) -C=N-N(CH3) ---------- Inactive. 

-CH=C-O-(CH2)-C sin Do. 
(H-CH, 

...CH-CHCHC=N D0, 
-CH2CHCHCl Do. 
-CHCHCHCOOH Do. 
-CHCHCH2SH Do. 
-(CH2)-CB10H10 Do. 

The effect of flocculation performance on MTC of 
change in molar ratio of silicone to silica in silicone-silica 
flocculant compositions is shown in Tables IV and V. 
Tables IV and V (for various compositions) also show 
the effect of concentration (p.p.m.) of flocculant com 
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14 
position on reduction in turbidity of MTC. The various 
concentrations set forth in both Table IV and Table V 
are expressed as the weight of the given trialkoxysilane 
required to form the applied dosage of flocculant com 
position. Further, Table VI sets forth the ratio of weight 
of the given alkoxysilane to silica for two different molar 
ratios in order to facilitate determination of the amounts 
of silica to be employed to prepare some of the flocculant 
compositions of this invention. 

TABLE W 

Percent R average range) for various 
concentrations of 

Molar ratio No. of 0 15 20 25 
EP:SiO expts. p.p.In p.p.m. p.p.m. p.p.m. 

05:10.............. 26 53 62 68 
1:10------------------ 6 35 56 72 74 

(31-39) (49-63) (70-73) (69-79) 
1.5:10---------------- 5 36 56 68 75 

(16-58) (39-65) (63-76) (69-83) 
1.75:10------------ a 3 39 53 69 81 

(17-59) (30-66) (55-80) (75-90) 
2:10------------------ 7 36 56 73 79 

(1459) (35-69) (58-8) (71-84) 
2.5:10. ------------- as 3 26 47 64 76 

(19-30) (40-52) (62-66) (73-81) 
3:10------------------ 2 22 53 72 74 

(18-26) (49-56) (70-73) (73-74) 

The silica sol used in preparing the silicone/silica com 
positions of Table EV was prepared by the NSA method 
described hereinabove. 
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TABLE W 

Con. Percent for various concea 
Silicone?silica (p.p.m.) trations of 
Composition required - 
(moles) or 50% R 10p.p.m. 25p.p.m. 50 p.p.m. 

1 MAP/1.0 M silica. SSR. 18-36 - to 1-62 36-92 
2MAP/1.0 M silica (NSA) 15-18 a 8 54–64 76-98 
1 MEP/IOM silica (NSA) 11-14 28-44 87-96 96-98 
2 MEP/10 Msilica (NSA).---- 7-13. 34-67 79-94. 91-97 
1M DP/10Msilica (NSA)-- 8-11 46-55 85-94 98 
2M (DAM)/10Msilica (NSA). 2041 - ... a 4 14-6 61-85 
2 MAPE/10 Msilica (NSA). . .30-38 - 9-24 . . .32-48 77-81. 
1.5MEP110 Msilica (SM-30) b. 30-33.---------- 14-28 89-93 
1.5 MEP/10Msilica (TM). 18-24 a --0 54-62 73-86 
1.5M EP/1.0 M silica (HIS) d. 35-40 -2 to 0 4-2 61-96 
1.5MAP/10Msilica (HIS) d--- b 47 s-7 a8 A 55 

Value, available from a single run only. 
budox SM30. . 
0 dioxTM, . 
d Ludox S. 

TABLE WI 
Alkoxysilane?silica. 

weight, ratio for indi 
cated molar ratio . 

Mol, wit - 
silane 1:0 2:10 

-179 - - -1335- - -- 1:1.68 - 
229 1:270 1:35 
265. - . 1:2:28: - - - - :1:13 
263 1:2.28 1:1. 14 

As may be seen from Table V, simple or precise com 
parisons between different formulations are not easily 
made, but it can be concluded that those water-soluble 
compositions resulting from contacting soluble silica with 
a cationic coupling agent will exhibit superior flocculant 
activity. Preferable among the cationic coupling agents 
are the amino-functional multi-alkoxysilanes. The gen 
eral order of increasing activity for silicone/silica com 
positions produced using aminoalkylsilicones, at least, ap 
pears to be DAP&DEP (DAM (APE(APCEP<DP. 
Also, EP/silica and DP/silica formulations not only pro 
duced the best results, but also gave the least variable 
results. In the homologous series AP, EP and DP the effec- . 
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tiveness of flocculating activity, particularly at low dosage about pH 6.0. However, some silicone/silica focculants 
levels, increases with increase in the number of amino- seem to work better in slightly alkaline conditions. 
ethyl links in the aliphatic side chain. In those cases in The silicone/silica flocculant compositions seemingly 
which negative values resulted the turbidity increased. are unaffected by high NaCl, Mg++, Cath, and Alt+t 
However, this behavior occurred with small concentra- concentrations. Floc quality is adversely affected by Znt, 
tions only. but solutions still clear to normal levels. Solution tem 

Tests were also conducted to qualitatively determine perature is not a major factor, except hot solutions which 
the flocculative effectiveness of compositions resulting may be supersaturated with air, when flocculated, will 
from contacting a hydrolyzed coupling agent with silicate produce flocs which do not settle. The floc acts as a 
particles dispersed in water. 10 nucleating site, many small air bubbles form, and the 

EXAMPLE 18 floc floats. 
e Generally, for both superior floc quality and superior 

Three drops of hydrolyzed 1 M EP (prepared in the Water clearing and solids removal, about Ao part silicone 
same manner as was the siliconate solution in Example1) (calculated as monomer) should be added per part of 
was added with stirring to 100 ml of MTC. This addition 15 suspended solid (SS). Stated another way, for a 100 p.p.m. 
was followed by the addition of about 10 mg. of bentonite SS wastewater -10 p.p.m. silicone and r20 p.p.m. SiO2 
(Fisher USP), dispersed homogeneously in 5 ml. of Water would be used for superior flocculating activity. However, 
by shaking. The bentonite clay particles were not "water- noticeable improvement in the settling of suspended solids 
dispersed" as defined herein in the sence of the requisite has been observed at concentrations of even less than 
longevity of the homogeneity of the mixture, but upon art silicone (calculated as monomer) per part of 
the addition thereof to the MTC plus EP, focculation 0 S"E. figures only rough, and EP in". 
occurred and the flocs slowly settled. wastewater to the next. 

EXAMPLE 19 - The evaluation of flocculant capability on raw sewage 

To. 100ml. MTC 25, all of EP sodium siliconate was SEERE Y"yay". In is a 
added with stirring. This step was followed by the addi- VIII, the silicone/silica composition of this in 
E. of e stripid E. 3. E. vention tested was significantly more effective than the 
Ol. t. ity fi te 1 O e f E. ES polyelectrolytes and about as effective as the coagulants 

was prepared as follows: 1.0 g. of bentonite (Fisher with much smaller concentrations being required. grade) was added to 100 ml. of water: this mixture was r 
sonicated (30 kHz. at 50 watt power input) for 3 minutes 30 TABLE VIII 
and allowed to settle in a 100 ml. cylinder for 24 hours. Percentreduction in 
The 2.0 ml. of bentonite used was taken from the upper suspended T 
10 ml. of the 100 ml. cylinder after the settling period. Focculiant solids Turbidity 

Neither the silicate particles nor the hydrolyzed cou 
- e In ni lants: pling agent alone displays flocculative effectiveness, but 85 "if E chloride----------------- 99 98.6 

300 p.p.m. altim. ------------------------ 97 98 the composition resulting from the presence of both ma silicoi ica composition: 25 p.p.m. l. nole 
terials homogeneously dispersed in the aqueous system AP110 E. s Sol----------------------- ra97 r 

e Organi lyelectrolytes: a 1s definitely effective whether or not the dispersion of g E. Ei (Dow)-------------- 9. 79 
silicate particles meets the criteria of being "water- 16 p.p.m. PurifiocC-3, cationic (Dow)-- 89 40 
dispersed.' 40 66. Naico.606 (Nico Chen CoS. 87 75 

60 p.p.m. Nalco 605------------------- us 85 72 In flocculation tests performed on raw sewage, jar tests 64 p.p.m. - 85 74 
s O- 31 p.p.m. Purifloc 602 (Dow)------------- 83 64 light in A.S.T.M. Special Technical Publication No. SEEAEA89&isias): 83 68 -6) were run on 300 ml. portions of sewage in an 64 p.p.m. Nalco 632.--------------------- 7g 16 

800 ml. beaker. Floc agent was added, stirred at 80 rp.m. 45 E. EligiSight & Haas). g g 
by a paddle stirrer for 2 minutes, then stirred at 12 r.p.m. SEES' OW).------------- 7. 56 
for 5 additional minutes and allowed to settle for 5 *::FE: S. Aid #25 plus 2 p.p.m. 66 35 
minutes. Turbidity was measured in Jackson, Turbidity 855 E.650 Bow). 54 35 
Units (employed in connection with the Jackson Tur- 60 R.E.E.2e. 313 (Illinois Water Treat- 53 39 
bigometer device commonly used in the water processing to 3.E.BowA.......... : 5 7 
industry) and results are set forth in Table VII. Each g EE,as Sey - 29 
flocculant composition used in Table VII was prepared SEER'A'535, anionia 
by contacting 1.6 moles of EP with 10 moles of silica sol SAAR Croatiaia (Raisia). % 3. 
(NSA Method). Adjectives in Table VII describe floc E85,EEE: O 0. 
quality, which was judged mostly on the size of the aggre- 55 - or 0. O 
gates produced. Those combinations in Table VII showing a Reported for dosages at which maximal reductions in suspended 
X's were not tested. solids and turbidity occurred. 

TABLE WI 

Suspended Solids---------------------------- 700 p.p.m 230 p.p.m. 70 p.p.m. 23 p.p.m. 7 p.p.m. 3.5 p.p.m. 
Init turbidity------------------------------ ra-600JTU ra 200JTU. a60JTU. r-20JTU---------- M6JTU--...-- -3TU. 
32 p.p.m. EPI56 p.p.m. SiO2 composition... 17 JTU, poor. 13 JTU, fair--- 6JTU, good.-- 7 JTU, feed-but 5.5JTU, good. X 

SOtle 18S 
12 p.p.m. EP20 p.p.m. SiO2 composition.--- X.---------- 9 JTU, fair.... 4.5 E", very 2.5JTU, very good- 2.5JE, very X 

OOC good. 
4 p.p.m. EPI p.p.m. SiO2 composition.----- X. --- 28JTJ, poor- 135t, fair. 8JTU, fair-to-good. 7.2JTU, good- X 
1.6 p.p.m. EP/2.7 p.p.m. SiO2 composition.-- X............ X------------- X------------- 16JTU, poor-...--- 55 fit fair 3.2JTU, detectable. 

A value of JTUC10 corresponds to approximately <10 The water-soluble flocculant compositions of this inven 
p.p.m. solids remaining. The two runs of very dilute sew- tion particularly those prepared using amino-functional 
age-and-floc agent (1.6 EP, 7 and 3.5 p.p.m. sewage) were multialkoxy silanes (more specifically amino-functional 
allowed to settle overnight The values of JTU after this trialkoxy silanes) have three characteristic properties use 
overnight settling were 2.0 (vs. 5.5) and 1.0 (vs. 3.2). ful in the treatment of biological (and other) waste efflu 

Each gram of floc (105° C. dried weight) occupies 70 ents. These characteristics are high biocolloid "knock 
a/250 ml, when loose (in water). This same amount of down power,” seeming absence of a peak (or critical) 
floc, when drained by gravity, weighs 20-25 g.; when "best" concentration and the production of flocs of a 
pressure-filtered, it weighs 6 g. firm, dense, cohesive nature. 

Flocs do not seem to form, when the pH is below In many test runs on MTC using about 50 p.p.m. con 
pH 4 or above pH 9. The best floc quality seems to occur, 75 centration of flocculant, colloid removals of greater than 

  



3,810,843 
17 

95% of optical absorbance (percent R) were obtained 
routinely. At lower concentrations of the flocculant per 
cent R was lower, e.g. around 90% R at 25 p.p.m. but 
flocculation in both instances was very fast, the effect 
occurring in times considerably shorter than 1 minute al 
though it would take several minutes for the liquid to 
stop swirling (from the imposed agitation) and for the 
floc to settle. 

It was further confirmed that the phenomenon en 
countered with organic polyelectrolytes whereby resus 
pension of floc occurs when high flocculant loadings are 
employed does not occur when water-soluble silicone/ 
silica flocculants are used. By the test in which percent 
R is determined utilizing transmitted light, none of the 
flocculants of this invention evidenced such resuspension 
of floc even at concentrations as high as 200 p.p.m., the 
highest concentration tested. The only effects noted when 
the increased flocculant concentrations were employed 
were the additional firming-up of the floc and a very small 
increase in percent R. This absence of a critical "best' 
concentration range is of considerable practical impor 
tance, because accidental overdosages e.g. change in the 
nature of the effluent or metering error will not resuspend 
the floc. 

Further, in contrast to other flocculants useful in the 
flocculation of biological colloids, the compositions of 
this invention produce dense flocs that settle easily rather 
than bulky, fluffy or gelatinous flocs that settle very slowly 
and are difficult to filter. Also, because of their high water 
content, bulky gelatinous flocs render disposition difficult. 
The high performance of these compositions in the 

treatment of wastewater will greatly increase the capacity 
of existing commercial equipment and reduce the cost 
of new treatment facilities. 

Stirring and proper mixing have a profound effect on 
flocculation. The stirring during mixing enhances the dis 
tribution of these soluble flocculating agents and the 
subsequent stirring influences floc size and density. "Flash" 
mixing as now used in sewage treatment plants should 
provide sufficient agitation for effective distribution and 
floc formation. In the many quantitative studies, floccul 
lant was added to the sample with rapid stirring by a 
magnetic stirrer (-450 rp.m.), which was continued for 
60 sec. This was followed by 15 min. ripening on a ro 
tary shaker at 150 rp.m. Finally, the floc was allowed 
to settle for 45 min. This routine, although not optimized, 
produced quite uniform results on duplicate runs with 
the same MTC, and deviations in time of shaking and/or 
settling (up to 100% longer) did not produce significant 
difference in percent R. 

Preparation of silicone/silica flocculant compositions 
according to this invention may (in the case of the more 
highly reactive cationic hydrolyzable coupling agents) be 
accomplished in situ. That is, the hydrolyzable coupling 
agent may be added to and mixed with the wastewater 
flow first, after which the soluble silica (e.g. activated 
silica sol) would be added and mixed with the same flow. 
Some silicone/silica flocculant compositions, on the con 
trary, require aging for as much as several hours to 
develop maximum activity. 

Except in some experiments reported in Table II and 
Table VII, the efficiency of flocculation was assessed by 
comparing the absorbance at 500 nm. of MTC with that 
of the supernatant liquid after flocculation. This wave 
length for the turbidity measurements was selected as a 
compromise between a desired insensitivity to the slight 
yellow color of MTC (or municipal sewage on the one 
hand and the insensitivity to light scattering by suspended 
submicron particles on the other. Using quartz-distilled 
water as a reference, flocculated MTC absorbances as low 
as 0.009 to 0.010 cm. could be obtained routinely and 
0.006 cm. occasionally. Using a sample of MTC cen 
trifuged at 35,000Xgravity for 2 hour as the reference, 
an absorbance of -0.035 cm. was obtained. This shows 
that the flocculant compositions of this invention could 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

O 

5 

18 
remove some colored impurity from the solution that even 
centrifugation could not. 
When hydrolyzable coupling agents (such as hydroyz 

able carbon-functional silanes) are added to wastewater 
in the absence of soluble silica i.e. without the addition 
of silica in accordance with this invention, no flocculating 
activity is apparent. Thus, the silicone/silica flocculant 
compositions of this invention exhibit far superior floc 
culating activity than either of the substituents acting 
alone. 
The useful proportions of hydrolyzed coupling agent to 

silica range from less than 1 part by weight of silicone:20 
parts by weight of silica to greater than 1 part by weight 
of silicone:1 part by weight of silica. Preferred propor 
tions of silicone:silica range from about 1 mole of sili 
cone: 10 moles of silica to about 1 mole of silicone:5 
moles of silica. 
As may be seen from some of the examples presented 

hereinabove for the preparation of coupling agents for 
the practice of this invention and, as is well known in 
the art, the preparation of these compounds in the pure 
state requires additional process steps to separate prod 
ucts of the initial synthesis. Either chemically pure or 
impure coupling agents may be contacted with silicaceous 
colloid (as defined herein) to produce the soluble com 
positions of this invention. Thus, there is no need to 
separate the coupling agent from by-products produced 
therewith during synthesis in order to practice this inven 
tion. Such a capability presents a significant economic 
advantage. 
The preparation of various amino-functional monomers 

set forth in the above description does not form part of 
the invention claimed hereinbelow. 
What we claim as new and desire to secure by Letters 

Patent of the United States is: 
1. The composition resulting from contacting soluble 

silica and at least one organo-functional silane coupling 
agent that has been hydrolyzed in an aqueous system, 
said composition being water-dispersed, the proportion 
of coupling agent to soluble silica being in the range 
of from less than 1 part by weight of coupling agent:20 
parts by weight of soluble silica to greater than 1 part 
by weight of coupling agent:1 part by weight of soluble 
silica, said organo-functional silane having the general 
formula 

RnSiR4-n 

wherein R is a saturated, unsaturated or aromatic hydro 
carbon residue that has been functionalized by a member 
selected from the group consisting of amino, azo, thia, 
dithia, oxa, and multiples and combinations thereof; R 
is a hydrolyzable group compatible with R' selected from 
the group consisting of alkoxy, phenoxy, halo, amino, 
dialkylamino and tertiary peroxyalkyl, and n is an integer 
having a value of 1-3. 

2. The composition recited in claim 1 wherein the or 
gano-functional silane is an amino-functional multi-alkoxy 
silane. 

3. The composition recited in claim 2 wherein the mos 
lar ratio of silane to soluble silica is in the range of from 
about 1 mole of silane:10 moles of soluble silica to about 
1 mole of silane:5 moles of soluble silica. 

4. The composition recited in claim 1 wherein the 
organo-functional silane is 4,7,10-triazadecyltrimethoxy 
silane. 

5. The composition recited in claim 2 wherein the or 
gano-functional silane is 4-thia-6-aminohexyltrimethoxy 
silane. 

6. The composition recited in claim 2 wherein the or 
gano-functional silane is N-(2-aminoethyl)-3-aminopro 
pyltrimethoxysilane. 
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