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[57] ABSTRACT 
Aqueous dispersions of solids are readily ?occulated 
with polymeric anionic ?occulants containing comono 
mers of 2-acrylamido-2-methylpropanesulfonic acid and 
acrylamide. The polymeric ?occulant should contain 
from about 1.0 to about 35.0 mole percent of repeating 
units derived from 2-acrylamido-2-methylpropanesul 
fonic acid and should have a Brook?eld viscosity of at 
least 2.0 centipoises. In addition to their ?occulating 
ability, employment of these copolymers achieves a 
high degree of compaction in the ?occulated solids. 

5 Claims, No Drawings 
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PROCESS FOR THE FLOCCULATION OF 
SUSPENDED SOLIDS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO RELATED CASES 

[This application is] This is a reissue application of 
U.S. Pat. No. 4,342,653. which issued from Ser. No. 
216.891?led Dec. 16, 1980. That application was a con 
tinuation-in-part application of application Ser. No. 
156,145 ?led June 3, 1980, abandoned, which, in turn, is 
a continuation-in-part application of application Ser. 
No. Ol2,274 ?led Feb. 15, 1979, abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to an improved process for 
flocculating suspensions of solids. More particularly, 
this invention relates to such a process wherein the 
?occulant employed is an anionic copolymer compris 
ing comonomers of 2-acrylamido-2-methylpropanesul 
fonic acid and acrylamide. 

Flocculants are reagents which are added to suspen 
sions of solids to cause the solids to flee and settle. A 
highly effective type of ?occulant is the polymeric type 
since this type can be prepared in numerous variations. 
Typically, polymeric flocculants are of three types, 
nonionic, cationic, and anionic. The particular type of 
?occulant to be used in a given application will gener 
ally depend upon the nature of the surface of the sus 
pended solids. 
To provide nonionic polymers, nonionic monomers 

such as acrylamide are polymerized under conditions 
which lead to a nonionic polymer. Polymers containing 
amine groups, primary, secondary, tertiary, and quater 
nary types provide typical cationic ?occulants with 
increased charge increasing in the order given. For 
anionic polymers, carboxylic acid groups are intro 
duced into the polymer. Polymers containing sulfonic 
acid groups were also introduced as anionic ?occulants. 

Water-soluble sulfonate polymers have, however, 
been known in the art as effective ?occulants. U.S. Pat. 
No. 3,692,673 to Hoke teaches the use of polymers of 
acrylamido sulfonic acids and their salts as useful ?oc 
culants for aqueous systems, especially in combination 
with inorganic ?occulants. Similarly, U.S. Pat. No. 
3,617,572 to Monagle teaches the use of copolymers of 
acrylamide and an alkali metal salt of vinyl sulfonic acid 
as effective ?occulants. Depiste these teachings, there 
continues to exist the need for improved processes for 
flocculating solid suspensions. The provision for such 
processes would constitute yet another signi?cant ad 
vance in the art. 

SUMMARY OF THE INVENTION 

The present invention provides a process for ?occu 
lating suspended solids. The process comprises adding 
to an aqueous suspension of solids an effective amount 
of a polymeric anionic ?occulant wherein the poly 
meric anionic ?occulant comprises from about 40 to 
about 99 mole percent of repeating units derived from 
acrylamide, from about 1 to about 35 mole percent of 
repeating units derived from 2-acrylamido-2‘methyl 
propanesulfonic acid, and from 0 to about 25 mole per 
cent of repeating units derived from acrylic acid, and 
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wherein the polymeric anionic ?occulant has a Brook 
?eld viscosity of at least about 2.0 centipoises. 
The process of the present invention provides for 

rapid ?occulation of the suspended solids. With respect 
to prior art, the instant process recognizes the criticality 
'ofits process parameters thereby achieving surprisingly 
better results over that believed to be possible. In aqe 
ous suspensions of solids containing multivalent cations 
the ?occulation of the solids using the instant process is 
markedly improved over that achieved with anionic 
?occulants deriving their anionicity solely from carbox~ 
ylic acid groups. Finally, the process of the present 
invention provides unexpectedly for a higher degree of 
compaction of the flocculated solids than can be 
achieved with processes employing anionic ?occulants 
deriving their anionicity solely from carboxylic acid 
groups. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance with the present invention there is 
provided a process for flocculating suspended solids. 
Although it is believed that the advantages of the in 
stant invention will be demonstrated on all types of 
solid suspensions, the instant process will be particu 
larly effective on aqueous solid suspensions wherein the 
solids are phosphate slimes, tar sands, saponites, humate 
wastes, coal refuse, mineral tailings such as copper tail 
ings, the residue from leach liquors such as are gener 
ated in uranium or copper leaching and the like. 
The ?occulant to be used in the instant process is an 

anionic polymeric ?occulant comprising from about 40 
to about 99 mole percent of repeating units derived 
from acrylamide, from about 1 to about 35 mole percent 
of repeating units derived from 2-acrylamido-2-methyl 
propanesulfonic acid, and from 0 to about 25 mole per 
cent of repeating units derived from acrylic acid. Pref 
erably the polymer is a copolymer of acrylamide and 
2-acrylamido-2-methylpropanesulfonic acid, more pref 
erably it is such a copolymer having from about 3 to 15 
mole percent of repeating units derived from 2 
acrylamido-2-methylpropanesulfonic acid. 
The anionic polymeric ?occulant used in the instant 

process must have a Brook?eld viscosity of at least 
about 2.0 centipoises, preferably at least 3.30 centi 
poises. Brook?eld viscosity is the viscosity of a 0.08% 
solution of the polymer in 1 normal NaCl at 25° C. with 
pH adjusted to 8.5 determined with a Brook?eld vis 
cometer using the UL adapter and the spindle rotating 
at 60 rpm. 
To ?occulate the solids in these aqueous suspensions, 

an effective amount of the speci?ed anionic ?occulant is 
added to the suspension. This addition is generally made 
in a manner which provides uniform distribution of the 
?occulant throughout the suspension so as to obtain 
maximum ?occulation of solids. Mixing may be an 
added operation or may be inherent in processing, such 
as addition to a moving stream of suspension en route to 
a settling tank. An effective amount of ?occulant is that 
amount which produces the desired level of ?occula 
tion and will vary widely depending upon many factors 
such as the nature of the suspension, the speci?c ?occu 
lant employed, the extent of ?occulation or settling rate 
desired, and the like. Generally, the amount of floccu 
lant will follow conventional dosages except that the 
present invention allows for reductions in such dosages 
in appropriate instances. Usually a dosage of about 0.01 
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to 1.0 milligram of flocculant per liter ofsuspension will 
be effective. 

It is additionally recognized that the unhindered set 
tling of the flocs so formed only occurs in the upper 
most portion of a thickener bed or settling tank. In the 
lower portion of the bed or tank, the weight of the 
flocculated material settling above acts to compact the 
settled flocs below so as to produce an underflow of 
flocculated material with a solids content considerably 
'higher than the original flocculating suspension. When 
the underflow of such a bed or tank is transferred to a 
land?ll for permanent disposal, the weight of the over 
burden causes additional compaction of the flocculated 
material. The copolymers and/or terpolymers used in 
the instant process have surprisingly been found, when 
used in the ?occulation process of the instant invention, 
to exhibit a unique ability to promote compaction of the 
flocculated solids as compared with other anionic ?oc 
culants such as acrylamide-acrylic acid copolymers. 

In certain aqueous solid suspensions there is present 
in the aqueous system a high content of multivalent 
cations. These multivalent cations have been found to 
hinder the effectiveness of many prior art flocculants, 
especially of the anionic nature. The process of the 
instant invention has proven exceptionally effective 
against these multivalent cation containing aqueous 
suspensions of solids. Suspensions containing Ca+3, 
Al+3, Fe”, Fe+3, Mgil, and the like have been found 
to be effectively treated. Examples of such suspensions 
include phosphate slimes, saponites found in kimberlite 
clay slimes and humate wastes treated with alum or 
ferrous sulfate. 
Whereas the exact scope of the instant invention is set 

forth in the appended claims, the following speci?c 
examples illustrate certain aspects of the present inven 
tion, and more particularly, point out methods of evalu 
ating the same. However, the examples are set forth for 
illustration only and are not to be construed as limita 
tions on the present invention except as set forth in the 
appended claims. All parts and percentages are by 
weight unless otherwise speci?ed. 

PHOSPHATE SLIMES SETTLING TEST 

Florida phosphate slimes are adjusted to a solids level 
of 1.0% with water and 1000 ml. of the resulting suspen 
sion are placed in a one-liter graduated cylinder. The 
desired weight of polymer ?occulant is prepared as a 
solution in 50 ml. deionized water. This flocculant solu 
tion is admixed with the slimes in the cylinder with 
agitation to ensure thorough mixing of slimes with ?oc 
culant, the agitator is removed, and time during which 
the solids/liquid level settles from the 1000 ml. mark to 
the 800 ml. mark is recorded. The distance between 
these two marks varies between cylinders, but in the set 
for these experiments, it is 7.20i0.08 cm. Average rate 
of settling over this distance is given in units ofcm./sec. 

COLOR REMOVAL 

Test Procedure 

A Phipps-Bird six place gang stirrer, equipped with 
%"X 1%" paddles, was used for jar tests. Five hundred 
milliliters of the water to be treated were added to each 
of six 600 ml. beakers and placed on the stirrer. With the 
paddles rotating in the water at 150 rpm, a speci?ed 
amount of alum (as a 1% solution) was added to each 
beaker, the additions being as near to simultaneous as 
possible. Stirring at 150 rpm was continued for 30 sec 
onds after alum addition, then was reduced to 40 rpm. 
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At the end of 3 minutes stirring was increased to l50 
rpm, and the high molecular weight anionic polymer 
was added to each beaker as a solution in 30 ml. deion 
ized water. Stirring at 150 rpm was continued for 30 
seconds, then reduced to 40 rpm for 3 minutes, at which 
time stirring was stopped and paddles were raised out of 
the beakers. 

Floc size was estimated during the latter part of the 
stirring period, on a scale of l to 10, with 1 representing 
flocs smaller than 0.5 mm., and 10 representing flocs 1 
cm or larger. The contents of the six beakers in a set 
(those being treated simultaneously) were compared 
visually in terms of rate of settling of flocs, and ranked 
from l to 6, with 1 being the most rapid in the set. 
Residual soluble color was monitored by removing 
supernatant from each beaker at the end of ?ve minutes. 
and measuring the optical density of a 4 cm path. Solu 
tion color removal is determined primarily by the pre 
cipitation with aluminum, rather than by anionic ?occu 
lant addition, and so does not vary much for a ?xed 
alum addition. 

HUMATE WASTES-SETTLING TEST No. 1 

Seven hundred milliliters ofhumate wastes are placed 
in a 1 liter graduated cylinder. Fifty milliliters of 1% 
F€SO4.7H2O solution are diluted to 150 milliliters total 
volume, and then added to the graduated cylinder with 
agitation to insure uniform mixing. The polymeric floc 
culant then is added to the cylinder as a solution in 150 
ml of deionized water, with mixing to provide adequate 
dispersion of the polymer solution throughout the sus 
pension for about 5-10 seconds. Following addition of 
the polymeric ?occulant, very mild agitation is pro 
vided by three é" diameter stainless steel ?ngers posi 
tioned equidistantly along the circumference of a circle 
with a radius about one half the internal radius of the 
cylinder, extending from the top to bottom of the cylin 
der, and moved along the path of the circle at a rate of 
one revolution per minute. The height of the solids/liq 
uid interface is recorded as a function of time after 
addition of polymeric flocculant. 

HUMATE WASTES-SETTLING TEST No. 2 
Seven hundred milliliters ofhumate wastes are placed 

in a 1 liter graduated cylinder. The pH is adjusted to 7.0 
with 0.5 N NaOH. Fifty milliliters of 1% FeSO4.7H1O 
solution are diluted with deionized water, in an amount 
necessary to provide a total volume of 850 ml of the 
graduated cylinder when added to the humate wastes. 
This ferrous sulfate solution is added to the cylinder 
with agitation to insure thorough mixing. A solution 
containing 5 mg polymeric ?occulant in 150 ml deion 
ized water then is added slowly to the cylinder (over 
about 10-15 seconds), with agitation to provide thor 
ough mixing of flocculant with the suspension. Follow 
ing addition of the polymeric flocculant, very mild 
agitation is provided by three 2" diameter stainless steel 
?ngers extending from top to bottom of the cylinder, 
and traversing a cylindrical path in the cylinder with a 
radius about.one half the radius of the cylinder. Each 
?nger completes one traversal along the periphery of 
the circle per second. The height of the solids/liquid 
interface is recorded as a function of time after addition 
of ?occulant. The rate of settling is computed from the 
number of minutes required for the interface to settle 
one centimeter below the l000 ml mark on the gradu 
ated cylinder. 
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EXAMPLES I AND 2 TABLE III 
DOSAGE REQUIREMENTS FOR SETTLING 

OF FLORIDA PHOSPHATE SLIMES 

Example 

Following the Settling Test procedure, rates of set 
tling at pH 7.5 as a function of ?occulant dosage (mg 
polymer/ g dry slime solids) over a commercially viable 5 

. . . 7 Comp. G 
range .were determlned and the results are glven in P _ _ 

Table I which follows which also indicates the polymer °‘ "‘°'_C°"‘ Sm" M°‘= % 
composition and Brook?eld viscosity. Acryl?""d'9melhyll"°pane' 4 “ 

sull'onlc acid 
TABLE I Acrylic Acid 2 7 

l0 Acrylamidc 94 93 
SETTLING RATES OF FLORIDA PHOSPHATE SLIMES Brook?eld viscosity (cps) 14 34 

Exam- Exam~ Comp. Comp. Dosage for 0.114 cm./sec. 0.125 0.310 
pie 1 plc 2 A B settling rate (mg/g) 

Polymer Composition 
Q'Lkl)_____ l5 
Acrylamidomethylpropane- 15 7 0 0 EXAMPLES 8-10 
sulfonic acid1 , _ 

Acrylic Acidl 0 0 l2 7 Using the color removal procedure described above, 
Acrylamide 85 93 88 93 the effluent tested was a deep amber colored suspension 
Brook?dd “56°91! (CPS') 3-3 r34 3-9 14 with low solids from a paper mill in North Carolina. 

D 5 Tami/i‘;- 20 The suspension pH was adjusted from 7.8 to 6.5 with 
“age mg/g 8820 0'14‘, T0062 : : sulfuric acid. Alum addition was at a level of 350 ppm. 

(1075 0:200 0105 _ _ A series of tests were run with aliquots of the suspension 
0.100 0.270 0.160 0.072 - using ?occulants at various dosages. The ?occulant of 
01:3 - 0105 3:2‘; —0 “5 Examples 8-10 contained 7 mole percent 
3175 : '___ 0‘195 0'1” 25 acrylamidomethylpropanesulfonic acid and 93 mole 
0100 _ _ _ 0165 percent acrylamide. The Comparative Flocculant G 
0.225 - - — 0.195 contained 7 mole percent acrylic acid and 93 mole per 

1A5 sodium “it cent acrylamide. Details and results are given in Table 
IV. 

The results given in Table I above indicate the supe- 30 TABLE IV 
' ' ' v m r I nor settling rates achle ed. atlower poly e dosages COLOR REMOVAL USING ALUM 
using polymers containing lonlclty derived from sulfo- FOLLOWED BY FLOCCULATION 
nate groups. Flocculant 

Brook?eld 
EXAMPLES 3_6 35 Viscosity Dosage Floc Performance 

Comparisons in performance can be made via dosages E‘amPl" (CPS) (Mg/1) 5'" Rank 
necessary to achieve a ?xed settling rate from plots of 8 3-4 0-l 3 3 
the settling rate at various polymer dosages. Using this 13 g: 8% 2 % 
procedure, the polymer dosage required to provide a G, run 1 3:4 0:‘ 2 6 
settling rate of 0.144 cm./sec. (17 ft./hr.) was deter- 40 0, run 2 3,4 0.2 2 s 
mined using the same slimes as in Examples 1 and 2. The G. run 3 3.4 0.3 2 4 
dosage value (D) is given below in Table II along with 
Polymer composmons and Brook?eld vlscosmes' Thus, 0.1 mg/l of the ?occulant of the invention 

TABLE II 
D VALUES FOR VARIOUS POLYMERS FOR 

FLOCCULATING FLORIDA PHOSPHATE SLIMES 
EXAMPLE 

Comparative 
3 4 5 6 C D E F 

Polymer Commsition tMole %[ 
Aerylamidomethylpropane- 5 15 7 5 — — — — 

sulfonic acid 
Acrylic Acid - - - - 3.5 15 7.7 4 

Acrylamide 95 85 93 95 96.5 85 92.3 96 
Brook?eld Viscosity (cps) 3.6 4.0 4.7 4.8 3.5 4.6 4.4 4.2 
Dosage mg/g for settling 0.135 0.040 0.090 0.130 0.208 0.123 0.180 0.213 
rate = 0.144 em/sec. 

provides more rapid clari?cation than 0.3 mg./l of the 
60 comparative ?occulant. 

EXAMPLE 7 EXAMPLES 11-13 

Using phosphate slimes obtained from another The procedure of Examples 8-10 was repeated in 
source, settling tests to determine the dosage require- every material detail except for the ?occulants em 
ments for a settling rate of 0.144 cm./sec. were deter- 65 ployed. The ?occulant of Examples 11-13 contained 5 
mined operating at pH=7.85. The polymers employed mole percent acrylamidomethylpropanesulfonic acid 
and the dosage requirements are given in Table III and 95 mole percent acrylamide. The Comparative 
which follows. Flocculant H contained 3.5 percent acrylic acid and 
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96.5 percent acrylamide. Details and results are given in 
Table V. 

TABLE V 

COLOR REMOVAL USING ALUM 
FOLLOWED BY FLOCCULATION 

Flocculant 
Brook?eld 
Viscosity Dosage Floc Performance 

Example (cps) (Mg/l) Size Rank 

11 3.6 0.1 5 3 
12 3.6 0.2 6 2 
13 3.6 0.3 7 l 

H, run 1 3.5 0.1 3 6 
H, run 2 3.5 0.2 4 5 
H, run 3 3.5 0.3 4 4 

Again, 0.1 mg/l of the ?occulant of the invention 
provides more rapid clari?cation than 0.3 mg/l of the 
comparative flocculant. 

EXAMPLES 14-16 

Again repeating the procedure of Examples 8-10 in 
every material detail, two additional ?occulants were 
evaluated. The flocculant of the invention contained 15 
mole percent acrylamidomethylpropanesulfonic acid 
and 85 mole percent acrylamide. The Comparative 
Flocculant I contained 12 mole percent acrylic acid and 
88 percent acrylamide. Details and results are given in 
Table VI. 

TABLE VI 
COLOR REMOVAL USING ALUM 
FOLLOWED BY FLOCCULATION 

Flocculant 
Brook?eld 
Viscosity Dosage Floc Performance 

Example (cps) (Mg/l) Size Rank 

14 3.3 0.1 2 3 
15 3.3 0.2 2 
16 3.3 0.3 4 l 

I. run 1 3.9 0.1 l 5 
I, run 2 3.9 0.2 l 6 
I, run 3 3.9 0.3 l 4 

EXAMPLES 17-19 

Again repeating the procedure of Examples 8-10 in 
every material detail, two additional flocculants were 
evaluated. The flocculant of Examples 14-16 contained 
15 mole percent acrylamidomethylpropanesulfonic acid 
and 85 mole percent acrylamide. The Comparative 
Flocculant J contained 15 mole percent acrylic acid and 
85 mole percent acrylamide. Details and results are 
given in Table VII. 

TABLE VII 

COLOR REMOVAL USING ALUM 
FOLLOWED BY FLOCCULATION 

Flocculant 
Brook?eld v 

Viscosity Dosage Floc Performance 
Example (cps) (Mg/l) Size Rank 

17 4.0 O.l 4 3 
18 4.0 0.2 5 2 
19 4.0 0.3 7 1 

J, run I 4.6 0.1 l 6 
J, run 2 4.6 0.2 l 5 
J, run 3 4.6 0.3 l 4 
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EXAMPLES 20-22 

Again following the procedure of Examples 8-10 in 
every material detail, two additional flocculants were 
evaluated. The ?occulant of Examples 0-22 contained 7 
mole percent acrylamidomethylpropanesulfonic acid 
and 93 mole percent acrylamide. The Comparative 
Flocculant K contained 7.7 mole percent acrylic acid 
and 92.3 mole percent acrylamide. Details and results 
are given in Table VIII. 

TABLE VIII 
COLOR REMOVAL USING ALUM 
FOLLOWED BY FLOCCULATION 

Flocculant 
Brookfield 
Viscosity Dosage Floc Performance 

Example (cps) (Mg/l) Size Rank 

20 4.7 0.1 4 3 
21 4.7 0.2 5 2 
22 4.7 0.3 6 l 

K, run I 4.4 0.1 2 6 
K, run 2 4.4 0.2 2 5 
K, run 3 4.4 0.3 2 4 

EXAMPLES 23-25 

Again following the procedure of Examples 8-10 in 
every material detail, two additional ?occulants were 
evaluated. The ?occulant of Examples 23-25 contained 
5 mole percent acrylamidomethylpropanesulfonic acid 
and 95 mole percent acrylamide. The Comparative 
Flocculant L contained 4 mole percent acrylic acid and 
96 mole percent acrylamide. Details and results are 
given in Table IX. 

TABLE IX 
COLOR REMOVAL USING ALUM 
FOLLOWED BY FLOCCULATION 

Flocculant 
Brook?eld 
Viscosity Dosage Floc Performance 

Example (cps) (Mg/l) Size Rank 

23 4.8 0.1 5 3 
24 4.8 0.2 8 2 
25 4.8 0.3 9 l 

L, run 1 4.2 0.1 l 6 
L, run 2 4.2 0.2 2 S 
L, run 3 4.2 0.3 2 4 

EXAMPLE 26 

Following the Humate Wastes-Settling Test No. l, 
humate wastes from el'?uent stream to settling pond 20 
grams solids per kilogram of substrate and pH 5.9 were 
treated with two flocculants in separate runs. Details 
and results are given below. 

TABLE X 
SE'I'I‘LING RATES OF HUMATE WASTES 

Example Comparative 
Polymer Composition (Mole %) 26 Example M 

Acrylamidomethylpropane- 7 0 
SulfOnlC acid‘ (AMPS) 
Acrylic Acidl (AA) 0 7.7 
Acrylamide (AM) _ 93 92.3 
Brook?eld Viscosity 4.7 4.4 

Note 
‘As sodium salt 

The polymer of Example 26 provided an average 
settling rate of 0.24 centimeter per minute over 7.2 
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centimeters at a dosage of 0.36 milligrams polymer per 
gram of solids. For the same settling rate, the polymer 
of Comparative Example M required a dosage of 5 

10 ‘ 

Table XIV sets forth the polymers employed as ?occu 
lants and the compactability obtained as a function of 
the solids content. 

milligrams of polymer per gram of solids. 5 TABLE XIV 

EXAMPLE 27 Emulsion Dosages 
_ . (lb/ton 0.5 0.6 0.7 0.8 0.9 1.0 

Following the procedure of Example 26, two addi- E I >) 1 71 78 77 81 102 
' ' mu SlOn —— . . . . . 

tional polymers were evaluated. Details and results are Emulsion 2 95 103 12.0 _ _ _ 

given below- Emulsion 3 7.8 9.9 10.8 _ _ _ 

TABLE XI _l0 Emulsion 4 6.2 10.6 11.5 — - _ 

Emulsion l = The emulsion contains 257 polymer, 467 water and 299' oil, 
sE-ITLING RATES OF HUMATE WASTES emulsi?er and breaker. The polymer is a 38 molar pereentoarylic acid, 70 riiolar 

Example Comparative percent acrylamide with a Brook?eld viscosity of 5.7. 
polymer Composition (Mole %) 27 Example N Emulsion 2 = The emulsion contains 33% polymer. 35% water and 32% oil and 

emulsi?er. The polymer is a 15 molar percent acrylamidomethylpropane sulfonic 
AMPS‘ 15 0 l 5 acid, 85% acrylamide with a Bt’OOk?cld viscosity of 2.4. 
AA] 0 15 Emulsion 3 = The emulsion contains 30% polymer, 38% water and 32% oil and 
AM 35 85 emulsi?er. The polymer is a 10 molar percent ncrylamidomethylpropane sulfonic 

- - acid. 90% acrylamide with a Brook?eld viscosity of 2.5. 
Brook?dd viscosity 4'0 4'6 " ‘ ' in 4 = The emulsion contains 34% polymer, 34% water. 32% oil and 

emulsi?er. The polymer is a 20 molar percent aerylamidomethylpropane sulfonie 
. . 'd.80 1 t 1 'd ‘h 13 int: ' ' in. For a settlmg rate as in Example 26, 0.36 mg/gram 20 m m "perm my m cw" a m m "mayo 

solids of the polymer of Example 27 was required. For 
the same settling rate, 5 mg/gram solids of the polymer EXAMPLE 34 
of comparanve Example N was requlrcd' Following the procedure of Example 33 in every 

EXAMPLE 23 material detail except that a dry polymer is employed in 
. . 25 place of the emulsion on a 2% solids phosphate slime 

A.g.am followmg the procedure of Exampie 26’ two the results obtained are set forth in Table XV below. 
additional ?occulants were evaluated. Details and re 
sults are given below. TABLE XV 

TABLE XII UNDERFLOW SOLIDS CONTENT 
Polymer Dosage (lb/ton) .2 .3 .4 .5 .6 

SETI'LING RATES OF HUMATE WASTES 30 P I 

. . Example Cmpm?" P815232 1:: I 13:11; I 12:; 
Polymelr Composition (Mole %) 28 Example 0 Polymer 6 8.1 _ 12.8 no _ 

AMIPS 5 0 Polymer 4 = 30 molar percent hydrolyzed polyacrylnmide with a Brook?eld 
AA 7 0 3-5 viscosity of lbolll 4.4 
AM 95 86-5 35 Polymer 5 = i0 molar percent acryllmidomethylpropane sull'onic acid, 90 molar 
Brook?eld Viscosity 3.6 3.5 percent nerylamide with a Brook?eld viscosity of about 2.9. 

Polymer 6 = 10 molar percent acrylamidomethylpropane sulfonic acid. 80 molar 
percent acrylamide and 10 molar percent hydrolyzed acrylamide containing carbox 

For a Settling rate as in Example 26’ the dosage re_ ylic acid groups with a Brook?eld viscosity of about 3.1 
quired for the polymer of Comparative Example 0 was 
four times that required for the polymer of Example 28. 40 EXAMPLE 3 5 

EXAMPLES 29-32 Following the procedure of Example 33 employing 
The procedure of Humate Wastes-Settling Test No. 2 th‘? dry Polymers hsted below m Table XVI the percent 

was followed using eight polymer flocculants in sepa- sohds undar?ow contcm '5 determined‘ 
rate runs, four of the invention and four comparative. 45 TABLE XVI 
Details and results are given below. UNDERFLOW SOLIDS CONTENT 

TABLE XIII 
HUMATE WASTES-SETTLING RATES 

EXAMPLES Comparative Examples 
Polymer Comp. (Mole %) 29 30 31 32 P Q R S 

AMPS‘ 7 5 1s 7 o 0 0 0 
AA! 0 o 0 0 7 3.5 15 7.7 
AM ' 93 95 85 93 93 96.5 85 92.3 
Brook?eld Viscosity 3.4 3.6 4.0 4.7 3.4 3.5 4.6 4.4 
Settling Rate (cm/min) 0.15 0.093 0.17 0.15 0.027 0.022 0.021 0.023 

EXAMPLE 33 

A sample of fresh phosphate slimes with a solids 
content of 1.6% is fed into a 35 inches scale thickener at 60 
a rate of 250 ml/min. A polymer solution is fed in line 
with the slimes at a rate of 10 ml./min. The ?oc bed 
which forms is allowed to build to a depth of 6 inches at 
which time a photosensor activates an under?ow pump 

which removes flocculated material from the bottom of 65 polymer new;e (1h hon) 195 m 04 
the bed. This activation and deactivation continues unt11 

. Polymer 7 14.2 13.7 10.7 
the thickener reaches a steady state. A sample of the polymer 8 m0 _ _ 
underflow is then taken and analyzed for solids content. Polymer 9 13.8 12.8 4.5 
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TABLE XVI-continued 
UNDERFLOW SOLIDS CONTENT 

12 
?occulant, diluted with 40 parts of water, is added to 
the dispersion. The cylinder is again rotated four full 
turns and the settling rate was determined over a 20 

. . 1.0 0.4 . . . Polymer Dosage (lb A0“) I 95 minute period. Test results are set forth in Table XIX. 
Polymer 10 14.4 13.5 —- 5 

Polymer 7 = 15 molar percent AMPS and 8S molar percent acrylamide with a Brook?eld viscosity of 2.6. Dosage 

Polymer 8 = 15 molar percent AMPS and 85 molar percent acrylamide with a . 
Bmok?dd vimosi'y of L6‘ Flocculant (#/ton) Settling Rate (ft/hr) 
Polymer 9 = 15 molar percent AMPS and 85 molar percent acrylamide with a Na salt ofa copolymcr 0.010 0.55 
B'wk?dd vismsi‘y °f 2'0‘ of 85% acrylamide and 0 015 0 63 
Polymer 10 = 15 molar percent AMPS and 85 molar percent acrylamide with a 10 ' ' 
Brook?eld viscosity of2.4. 15% AMPS M20 071 

NH4 salt of a copoly- 0.010 0.58 
mer of 85% acrylamide 0.015 0.62 
and 15% AMPS 0.020 0.65 

EXAMPLE 36 ' Copolymer of 70% acryl- 0.010 0.35 

400 Part samples of well mixed coal refuse slurries are 15 amide and 30% acrylic acid 0-025 0-48 
weighed into 600 ml beakers. Agitation of the slurry is N l f l g-gig 3;‘: 
provided at 250 rpm while 75 ml of an aqueous solution a 53 ‘ ° a °°P9 yme' ' ' 

. . . . . . of 85% acrylamide and 0.025 0.55 

containing sufficient cationic flocculant to provide 15% AMPS 0.050 081 
part cationic flocculant per part of suspended solid 18 Copolymer of 70% acryl- 0.010 0.37 
added over a 5 second interval. Agitation is then contin- 20 mid: and 30% acrylic acid 00% 0-45 
ued for 20 seconds longer after which 75 ml of an aque- 095° °-54 
ous solution containing sufficient anionic ?occulant to 
provide 0.04 part anionic ?occulant per part of sus 
pended solid is added over a 5 second period. Agitation EXAMPLE 39 
is again continued for 20 additional seconds after which 25 Following the procedure of Example 38, a feed Slurry 
the come?“ are lmmFdlately Poured ‘mo 3 590 ml 3m?‘ to the counter current decantation thickeners of a cop 
;fated ‘ilylmggr' The “1111641638”; ed foil; the iohds :F’Zett ‘6 per oxide leach circuit having a solids content of 11.0 to 
rom t 25D m “I t ‘:1 f n? “.1321 1" tle Cy mder ‘5 12.0% and a pH between 2.0 and 3.0 is treated with a 
mFaSm-e '. Osage. eve S o :‘mlomc Occu am are eter' ?occulant and a settling rate determined. Test results 
mined which provide a settling rate of 0.25 cm/sec. Test are Set forth in table XX 
results are reported in Table XVII. 3o ' 

XX TABLE XVII TABII‘JE 
. osage 

Brookiield Dosage Required - 
Hocculam viscosity (mg/g) Flocculant (if/ton) Settling Rate (Ft/hr) 

. Na salt of a copolymer .0060 3.0 

333235;; 2 6 42 35 _ of 85% acrylamide and .0009 3.7 
10% carboxylic 15% AMPS 
90% acrylamide 3.0 30-32 NH‘ Sal‘ °f a ‘:"W'ym" 0°60 "0 
20% carboxy?c of 85% acrylamide and .0090 4.8 
80% acrylamide 3.3 24 15% AMPS 
7% AMPS Nl-b, salt of a copolymer .018 10.8 
93% acrylamide 34 2o 40 of 85% acrylamide and .027 18.0 
10% AMPS 15% AMPS .033 26.0 
90% acrylamide 2_4 25 High molecular weight .0050 2.6 
15% AMPS nonionic polyacrylamide .0075 2.9 
85% acrylamide 3.3 17 (emulsion) 

High molecular weight .016 4.75 
45 nonionic polyacrylamide .026 6.25 

' (d 1 er .032 10.50 EXAMPLE 37 '’ p° "m ) 

f Settling tests are conducted on_ the 1rougilgier tailings EXAMPLE 40 
rom a western copper ore processing p ant 7% solids, . 
pH: 10.5) to determine the dosage required to effect a 50 Followmg ‘h? procedure of Eimmple 381 a feed sluiry 
settling rate of 0.0075 cm/sec. Test results are listed in 9f the leach ,resldue from a uramum leac_hlng Operauon 
Table XVHL is treated with a flocculant and a settling rate deter 

mined. Test results are set forth in Table XXI. The 
TABLE XVIII polymers employed are listed in Table XXII. 

Cowlymer ifmwsition 55 TABLE XXI 
% Acrylic % Brooki'ield Dosage (10"3 gm/ Settling rate 

Acrylamide Acid AMPS Viscosity Dosage (mg/kg) Flocculant litr/substrate) (ft/hr) 
95 5 -- 3.6 1.0 High molecular weight 5.9 2.8 
93 — 7 3.4 0.68 nonionic polyacryl- 6.8 3.2 
89 ll — 3.4 1.1 60 amide (dry polymer) 7.6 3.8 
85 - is 2.8 0.88 8.5 7.6 

Dry B 5.1 4.6 
6.8 28.1 

EXAMPLE 38 D” D if} 23g 
A feed slurry of copper tailings having a solids con- 65 Dr)’ E 3:“; 

tent of 35 to 40% and a pH between 11.0 and 11.5 is fed ‘ ' 
. . _ Dry F 4.5 35.0 
into a 2000 ml cylinder and rotated on a tumbling de- Dry G 4_5 134 
vice to insure dispersion. Rotation is stopped and the Dry H 5.0 no ?oc forma 
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TABLE XXI-continued TABLE XXIII-continued 

130532317004 2111/ Settling rare Dosage (10—2 #/ Settling Rate 
Flocculant litr/ substrate) (ft/hr) plocculam m") (ft/hr) 

‘ I tion 5 Dry E 2.2 14.1 

Hlgh molecular weight 7.2 3.7 25 275 
nonlonlc polyacryl- 7.8 9.2 2.6 31 2 
amide (dry polymer) ' 
D B 4 3 3 6 3.1 46.8 

"Y 5'‘ ‘4'0 Dry F 2.2 10.9 
Emulsion 15 4.6 3.9 2'5 27-0 

5'6 - 93 10 2.6 28.1 

Dry D 3.4 5.5 3-1 49-9 
16 180 Dry G 2.5 16.6 
3.9 293 Dry H 2.5 7.4 

Emulsion C 3.3 2.9 Emulsion A 3.1 13.0 
4.6 10.9 4.5 35.6 
5.8 30.2 15 Emulsion c 3.6 25.1 

High molecular weight 5.7 3.6 
non-ionic polyacryl- 6.4 4.4 
amide (emulsion polymer) 7.1 23.4 
High molecular weight 8.5 2.6 EXAMPLE 43 

-‘ ' 1 - 9.4 11.5 . 
zgjrlug‘zaiypopéicmrir) 2o Followlng the procedure of Example 38 a feed slurry 
Dry A 5.4 2.5 of a copper oxide sulfate leach liquor is treated with a 
gryg 2*: g-Z ?occulant and a settling rate determined. Test results 
D3: D 4:] 4:0 are set forth in Table XXIV below. 

25 TABLE XXIV 

Dosage (10-3 gm/ Settling Rate 
EXAMPLE 41 Flocculant ltr substrate) (ft/hr) 

Following the procedure of Example 38 a feed slurry High molecular wcighl 6,3 4.9 
of a copper leach residue is treated with a flocculant and nonionic polyacrylamide 8.5 20.0‘ 
a settling rate determined. Test results are set forth in 30 (dry polymcr) 
Table XXIL High molecular weight 10.0 13.7 

nonionic polyacrylamide 
TABLE XXII (emulsion polymer) 

Flocculmu Dry B 8.5 3.9 

Designation Mole % AMPS Brook?eld Viscosity % Polymer D c 35 "Y - ' 

Dry A 5.0 2.64 85% Dry D 6.8 3.4 
Dry B 7.7 3.6 35% 8.5 5.0 
Dry C 10.0 2.32 35% 85 20A: 

3”? 53'? 3'23 323’ 8-’ 4-9 ry . . a 

Dry F 33.5 3.76 85% Dry E <2‘? 
Dry G 43.5 3.6 35% 40 D F 8'5 5'2 
Dry 11 53.1 3.28 35% Dry G 8'5 6‘8 
Emulsion A 10.0 2.5 28.3% "y ' ' 

Emulsion B 15.0 2.4 31.3% D” H, 8-5 <5~° 
Emulsion c 20.0 2.5 33.1% Emulsw" C 115 2'7 

45 ‘Test results are suspect 

EXAMPLE 42 
EXAMPLE 44 

Following the procedure of Example 38 a potash feed _ 
slurry is treated with a ?occulant and a settling rate Followmg the Procedure of Example 38 a feed Slurry 
determined. Test results are set forth in Table XXIII. 5o ofa uranium suu‘ate leach 1iq“°_ri5 treated with a noun‘ 

lant and a settllng rate determlned. Test results are set 
TABLE XXII: forth in Table xxv. 

Dosa e 10'' #/ Settlin Rate 
Flocculant giu(n) (ii/in) TABLE XXV 
High molecular weight 3.7 5.5 Settling Rate 
non-ionic polyacryl- 4.5 23.4 55 Flocculant Dosage (IS/ton) (in/min) 
amlde (emulsion polymer) High molecular weight 0.017 0.95 

6:2 34:8 nonionic polyacrylamide 0.026 1.25 
8_6 39D (85% polymer, dry) 0.034 2.1 

Dry A 25 10 High molecular weight 0.006 0.52 
35 7_3 60 nonionic polyacrylamide 0.009 0.58 
4.7 13.5 (30% polymer, emulsion) 

Dry B 2.5 5.4 Emulsion B 0.006 0.80 
3.8 15.0 (NI-l4 salt) 0.009 0.96 
4.7 47.8 0.018 2.0 

Dry C 2.5 1.0 0.027 3.6 
4'7 30-0 65 0.033 5.2 

Dr)’ D 2-2 7-4 Emulsion B 0.006 0.60 
g: (Na salt) 0.009 0.74 
3.1 25.1 
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TABLE XXVI 
Settling Rate 

Flocculant Dosage (117/ ton) (in/hr) 

High molecular weight 0.40 0.36 
nonionic polyacrylamide 0.55 0.58 
(30% polymer, emulsion) 
Emulsion A 0.25 0.31 
(28% polymer, emulsion) 0.40 0.61 
Emulsion C 0.25 1.32 
(33% polymer, emulsion) 0.40 9.78 

EXAMPLE 45 

1000 M1 of Florida phosphate slime with a solids 
content adjusted to 0.7% was mixed with 50 ml of ?oc 
culant solution by allowing both to flow by gravity into 
a 1000 ml graduate through the same glass tube. The 
average settling rate was measured as in previous exam 
ples between the 1000 and 800 ml marks (7.2 cm). The 
results are set forth in Table XXVII below. 

TABLE XXVII 
Polymer Dose (lb/ton) Settling Rate (cm/sec) 
Polymer A .31 .143 

.46 .230 

.62 .301 
Polymer B .31 .216 

.46 .275 

.62 .331 
Polymer C .50 .107 

.62 .175 

.75 .330 
Polymer D .35 .128 

.45 .194 

.50 .260 

Polymer A is a 15% AMPS, 20% acrylic acid, 65% acrylamide terpolymer (30.9% 
polymer emulsion) with a Brook?eld viscosity of 3.6 cps. 
Polymer B is a 15% AMPS, 15% acrylic acid, 70% acrylamide terpolymer (30.8% 
polymer emulsion) with : Brooklield viscosity of 3.2 cps. 
Polymer C is a 30% acrylic acid. 70% acrylamide copolymer (25% polymer 
emulsion) with a Brook?eld viscosity of 5.8 cps. 
Polymer D is a 15.9% AMPS, 84.1% acrylunide copolymer (85% active solid) with 
a Brook?cld viscosity of 3.7 cps. 

I claim: 
[1. A process for flocculating suspended solids 

which comprises adding to an aqueous suspension of 
solids selected from the group consisting of phosphate 
slime, uranium acid leach residue, copper acid leach 
residue, coal, coal refuse, and copper tailing from a 
?otation circuit an effective amount of a flocculant 
consisting essentially of a polymeric anionic ?occulant 
wherein the polymeric anionic flocculant comprises 
from about 40 to about 99 mole percent of repeating 
units derived from acrylamide, from about 1 to about 35 
mole percent of repeating units derived from 2 
acrylamido-Z-methylpropanesulfonic acid, and from 0 
to about 25 mole percent of repeating units derived 
from acrylic acid, and wherein the polymeric anionic 
?occulant has a Brook?eld viscosity of at least about 2.0 
centipoises] 

[2. The process of claim 1 wherein the polymeric 
anionic flocculant employed comprises about 97 to 75 
mole percent of repeating units derived from acrylam 
ide, about 3 to 15 mole percent of repeating units de 
rived from 2-acrylamido-2-methylpropanesulfonic acid 
and from 0 to 10 mole percent of repeating units derived 
from acrylic acid.] 

[3. The process of claim 1 wherein the Brook?eld 
viscosity is at least 3.30 centipoises] 

[4. The process of claim 1 wherein the polymeric 
anionic ?occulant employed comprises about 97 to 85 

15 

25 

30 

35 

40 

50 

65 

16 
mole percent of repeating units derived from acrylam 
ide, about 3 to 15 mole percent of repeating units de 
rived from 2-acrylamido-2-methylpropanesulfonic acid 
and from 0 to 10 mole percent of repeating units derived 
from acrylic acid and has a Brook?eld viscosity of at 
least 3.30 centipoises] ‘ 

[5. A process for ?occulating suspended solids 
which comprises adding to an aqueous suspension of 
phosphate slime solids an effective amount of a floccu 
lant consisting essentially of a polymeric anionic floccu 
lant wherein the polymeric anionic ?occulant com 
prises from about 40 to about 99 mole percent of repeat 
ing units derived from acrylamide, from about 1 to 
about 35 mole percent of repeating units derived from 
2-acry1amido-2-methylpropanesulfonic acid, and from 0 
to about 25 mole percent of repeating units derived 
from acrylic acid, and wherein the polymeric anionic 
flocculant has a Brook?eld viscosity of at least about 2.0 
centipoises, ?occulating solids causing them to settle 
and compacting the settled flocs to produce an under 
?ow of flocculated material with a solids content 
greater than that of the suspension of solids] 

[6. The process of claim 5 wherein the polymeric 
anionic flocculant employed comprises about 97 to 85 
mole percent of repeating units derived from acrylam 
ide, about 3 to 15 mole percent of repeating units de 
rived from 2-acrylamido~2-methylpropanesulfonic acid 
and from 0-10 mole percent of repeating units derived 
from acrylic acid] 

7. A process for ?occulating suspending phosphate slime 
solids from an aqueous suspension thereof which comprises: 

(a) Adding to said suspension an effective amount of a 
polymeric anionic ?occulant comprising: 
i. about 40 to about 99 mole percent of repeating units 

derived from acrylamide; 
ii. about 10 to about 20 mole percent of repeating units 

derived from 2-acrylamido-Z-methybropanesul 
fbnic acid; and 

iii. 0 to about 25 mole percent of repeating units de 
rived from acrylic acid; 

and wherein said polymeric anionic ?occulant has a 
Brook?eld viscosity of about 2. 0 centipoises,‘ 

(b) Flocculating said solids causing them to settle,‘ and 
(c) Compacting the settled ?oc to produce an undery'low 

of ?occulated material with a solids content greater 
than that of the suspended solids,‘ where the polymeric 
anionic ?occulant has a Brook?eld viscosity of at least 
about 2.0 centzpoises. 

8. The process according to claim 7 wherein said mole 
percent of said acrylic acid derived repeating units is 0 to 
about 10 mole percent. 

9. The process according to claim 7 wherein said mole 
percent of said acrylamide derived units is about 80 to 
about 90 percent and the mole percent of said Z-acryla 
mide-Z-methyloropanesuUonic acid derived units is about 
10 to about 20 percent. 

I 0. The process according to claim 7 wherein polymeric 
anionic ?occulant is in the form of an emulsion comprising 
said polymer, water, oil and an emulsifier: 

I]. The process according to claim 10 wherein the mole 
percentage of said repeating units of said polymer derived 
from 2-acrylamido-Z-methyQropanesuUonic acid is about 
15 percent and the mole percentage of said repeating units 
of said polymer derived from acrylamide is about 85 per 
cent. 
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