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57 ABSTRACT 

A method for reducing the frictional drag of an organic 
liquid in flow through pipes or conduits having a con 
tinuous bore therethrough which comprises adding 
about 0.001 to about 0.5 grams of a polymeric complex 
to 100 ml of said organic liquid, wherein the polymeric 
complex is the reaction product of a metal neutralized 
sulfonated octene-l/ethylene/ethylidene norborene 
terpolymer and a basic nitrogen-containing copolymer, 
said basic nitrogen containing copolymer being a co 
polymer of vinylpyridine with another monomer se 
lected from the group consisting of styrene, t-butyl 
styrene, alkylacrylate, alkylmethacrylate, butadiene, 
isoprene, vinyl chloride and acrylonitrile. 

4 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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HYDROCARBON DRAG REDUCTION WITH 
INTERPOLYMER COMPLEXES CONTAINING 

NOVELSULFO-OCTENE 

FIELD OF THE INVENTION 

To flow liquids in pipes energy must be expended to 
overcome frictional losses. This energy is extracted 
from the liquid pressure, which decreases along the pipe 
in the direction of flow. For a fixed pipe diameter these 
pressure drops increase with increasing flow rate. When 
flow in the pipe is turbulent (flow Reynolds number 
which equals mean fluid velocity times pipe diameter 
divided by fluid kinematic viscosity greater than about 
2,000) the relationship between pressure drop and flow 
rate can be altered by the addition of small amounts of 
certain high molecular weight polymers to the liquid. 
These polymers interact with the turbulent flow pro 
cesses and reduce frictional pressure losses such that the 
pressure drop for a given flow rate is less, or the flow 20 
rate for a given pressure drop is larger. This phenome 
non is commonly called drag reduction. It has been used 
in commercial oil pipelines, fire hoses and storm sewers . 
to increase the flow capacities of existing systems. It can 
also be used to reduce supply pressures, pumping costs, 25 
and/or pipe diameters for given flow capacities. 

BACKGROUND OF THE INVENTION 

High molecular weight hydrocarbon soluble poly 
mers, such as polyisobutylene, polystyrene and several 30 
alpha olefins, have been demonstrated to reduce drag in 
turbulent flows of hydrocarbon liquids. Generally, the 
drag reduction effectiveness of these polymers im 
proves with increasing molecular weight; however, the 
tendency for the polymers to permanently degrade via 35 
molecular scission in local extensional flows within 
pumps or turbulent pipeflows also increases with in 
creasing polymer molecular weight. This invention 
discloses efficient drag reduction in organic liquids 
resulting from a novel class of interpolymer complexes 40 
containing sulfonated copolymers of alpha olefins. 

It is well known that alpha olefins can be polymerized 
in the presence of coordination catalysts (Ziegler 
Natta). These catalysts generally consist of materials 
such as transition metal halides (e.g., TiCl3) and organo- 45 
metallie cocatalysts (e.g., R3A or R2AlCl). Most of the 
efforts in this field have centered on maximizing cata 
lyst activity and polymer stereoregularity/crystallinity 
(e.g., U.S. Pat. Nos. 3,116,274, 3,476,730, 3,156,681 and 
4,240,982). Items of commerce in this category are iso- 50 
tactic polypropylene and poly(1-butene). These stereo 
regular, crystalline polymers have excellent physical 
and mechanical properties and are well suited to form 
ing molded objects, such as pipe or tubing, which re 
quire rigidity. However, these materials have limited 55 
use as polymer additives to hydrocarbon solutions (e.g., 
viscosifiers, drag reducers, antimisting agents). 
A smaller body of knowledge exists on the prepara 

tion of ultra-high molecular weight noncrystalline alpha 
olefins suitable for use as hydrocarbon viscosifiers, drag 60 
reducing agents or antimisting additives, etc. Examples 
of such art are found in U.S. Pat. Nos. 4,289,679, 
4,358,572, 4,371,455 and British Pat. No. GR 
2074, 175A. The noncrystalline nature of these polymers 
makes them amenable to easy dissolution in organic 65 
media. However, these materials are completely non 
functional and their solution properties can be opti 
mized only by adjustment of polymer molecular weight 

2 
(-- distribution). In other words, there are no reactive 
groups on these chains suitable for modification or in 
teraction. 

Reports of functional alpha olefins in Ziegler-Natta 
polymerizations are sparse. A notable exception is the 
copolymerization of propylene with the methyl ester of 
undecanoic acid (Japanese Patent Application Nos. 
57-152767, 57-188996, 57-188997). However, the prod 
uct of this reaction is characterized by very low levels 
(0.1-0.3 mole percent) of functional group incorpora 
tion. Also, this polymer product is highly crystalline 
and, thus, not useful as hydrocarbon viscosifiers, drag 
reducing agents or antimisting additives. 
The instant invention is distinguished from the func 

tional/short chain alpha olefin art (Japanese Patent 
Application Nos. 57-152767, 57-188996, 57-188997) by 
the lower levels of crystallinity. Thus, the instant com 
position is useful for hydrocarbon solution applications, 
e.g., drag reduction, viscosification, antimisting addi 
tives, etc., whereas the crystalline polymers of prior art 
are not. In the instant invention functionalization of a 
copolymer of octene-i is achieved by sulfonation, 
which in turn enables association of shorter molecular 
weight chains into a larger system effective for drag 
reduction. The sulfonation requires a copolymerization 
with a monomer resulting in a double bond in or pen 
dent to the polymeric chain. 

In U.S. Pat. No. 4,508,128 complexes of Zn-S- 
EPDM/styrene vinylpyridine are described. The com 
plexes of the instant invention are more soluble in or 
ganic liquids, such as crude oil, than those described in 
U.S. Pat. No. 4,508,128 as a result of the inherently 
lower levels of crystallinity obtained with 1-octene 
rather than ethylene/propylene (EP) polymers. This 
enhanced solubility is most pronounced for very high 
molecular weight (> 1,000,000) polymers and generally 
improves polymer drag reduction activity. 
The present invention discloses drag reduction agents 

for organic liquids which are polymer complexes of a 
copolymer of polystyrene vinylpyridine complexed 
with a zinc salt of a sulfonated 1-octene/ethylene/e- 
thylidene norborene terpolymer. 

SUMMARY OF THE INVENTION 

The present invention relates to unique and novel 
drag reduction agents for organic liquids which are 
organic solutions of water insoluble polymer complexes 
of a copolymer of polystyrene vinylpyridine complexed 
with a zinc salt of a sulfonated octene/ethylene/ethyli 
dene norborene terpolymer. The necessary concentra 
tion range of the polymer complex in the hydrocarbon 
liquid in order to have an effective drag reduction agent 
is about 0.001 to about 1.00 grams polymer complex per 
100 ml of organic liquid. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention relates to unique and novel 
drag reduction agents for hydrocarbon liquids which 
are hydrocarbon solutions of water insoluble polymer 
complexes of a copolymer of polystyrene vinylpyridine 
complexed with a zinc salt of a sulfonated 1-octene/e- 
thylene/ethylidene norborene terpolymer. The neces 
sary concentration range of the polymer complex in the 
hydrocarbon liquid in order to have an effective drag 
reduction agent is about 0.001 to about 1.00 grams poly 
mer complex per 100 ml of hydrocarbon liquid. 
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The salt of the octene-1/ethylene/ENB terpolymer 
has the formula: 

(H-CH-CH-CH-i-Nez 
(CH)s SOM t 

CHs 

wherein X is about 40 to about 98 mole percent, more 
preferably about 45 to about 90, and most preferably 
about 50 to about 80; y is about 1 to about 60 mole 
percent, more preferably about 2 to about 50 and most 
preferably about 3 to about 40; the balance between 
100% and the the combined x and y is the mole percent 
ENB; Z represents the mole percent of sulfonated spe 
cies attached to ENB where z is about 0.1 to about 10 
mole percent, more preferably about 0.1 to about 8.0 
mole percent and most preferably about 2 to about 6; 
and Mt represents a transition metal ion. The balance 
of such an ion can be greater than one (e.g., zinc) in 
which case one ion can neutralize more than one sulfo 
nate group or can be attached to another group (such as 
acetate). The number average molecular weight of the 
sulfonated terpolymer as measured by GPC is about 
10,000 to about 20,000,000, more preferably 50,000 to 
about 15,000,000 and most preferably about 100,000 to 
10,000,000. 
The process for preparing the sulfonated polymer 

comprises the steps of terpolymerization of octene 
1/ethylene, and ethylidene norborene with a VCl4 and 
ethylene-sesquichloride catalyst in an alkane solvent at 
a temperature of about 0° C. to about 60° C. for about 3 
minutes to about 4 hours under an inert atmosphere to 
form the terpolymer of octene-1/ethylene/ethylidene 
norborene. The terpolymer is recovered from solution 
by precipitation with an antisolvent and purified by 
redissolving in an alkane solvent with an antisolvent. 

In carrying out the process to form the sulfonated 
polymer the terpolymer of octene-1/ethylene/ethyli 
dene norborene, the terpolymer is dissolved in a non 
reactive solvent, such as a chlorinated aliphatic solvent, 
chlorinated aromatic hydrocarbon, an aromatic hydro 
carbon or an aliphatic hydrocarbon, such as carbon 
tetrachloride, dichloroethane, chlorobenzene, benzene, 
toluene, xylene, cyclohexane, pentane, isopentane, hex 
ane, isohexane or heptane. The preferred solvents are 
the lower boiling aliphatic hydrocarbons. A sulfonating 
agent is added to the solution of the elastomeric poly 
mer and non-reactive solvent at a temperature of about 
- 100° C. to about 100° C. for a period of time of about 
1 to about 60 minutes, most preferably at room tempera 
ture, for about 5 to about 45 minutes and most prefera 
bly about 15 to about 30. Typical sulfonating agents are 
described in U.S. Pat. Nos. 3,642,728 and 3,836,511, 
previously incorporated herein by reference. These 
sulfonating agents are selected from an acryl sulfate, a 
mixture of sulfuric acid and an acid anhydride or a 
complex of a sulfur trioxide donor and a Lewis base 
containing oxygen, sulfur, or phosphorus. Typical sul 
fur trioxide donors are SO3, chlorosulfonic acid, fluoro 
sulfonic acid, sulfuric acid, oleum, etc. Typical Lewis 
bases are dioxane, tetrahydrofuran, tetrahydrothio 
phene or triethylphosphate. The most preferred sulfo 
nation agent for this invention is an acyl sulfate selected 
from the group consisting of benzoyl, acetyl, propionyl 
and butyryl sulfate. The acyl sulfate can be formed in 
situ in the reaction medium or pregenerated before its 
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4. 
addition to the reaction medium in a chlorinated ali 
phatic or aromatic hydrocarbon. 

It should be pointed out that neither the sulfonating 
agent nor the manner of sulfonation is critical, provided 
that the sulfonating method does not degrade the poly 
mer backbone. The reaction is quenched with an ali 
phatic alcohol, such as methanol, ethanol or isopropa 
nol, with an aromatic hydroxyl compound, such as 
phenol, a cycloaliphatic alcohol, such as cyclohexanol, 
or with water. The acid form of the sulfonated elasto 
meric polymer has about 4 to about 200 med, SO3H 
groups per 100 grams of sulfonated polymer, more pref. 
erably about 10 to about 100; and most preferably about 
10 to about 50. The med. of SO3H grams of polymer is 
determined by both titration of the polymeric sulfonic 
acid and Dietert Sulfur analysis. In the titration of the 
sulfonic acid the polymer is dissolved in solvent consist 
ing of 95 parts of toluene and 5 parts of methanol at a 
concentration level of 50 grams per liter of solvent. The 
acid form is titrated with ethanolic sodium hydroxide to 
an Alizarin-Thymolphthalein end point. 
The acid form of the sulfonated terpolymer is gel-free 

and hydrolytically stable. Gel is measured by stirring a 
given weight of polymer in a solvent comprises of 95 
toluene-5-methanol at a concentration of 5 weight per 
cent for 24 hours, allowing the mixture to settle, with 
drawing a weighted sample of the supernatant solution 
and evaporating to dryness. 

Hydrolytically stable means that the acid function, in 
this case the sulfonic acid, will not be eliminated under 
neutral or slightly basic conditions to a neutral moiety 
which is incapable of being converted to highly ionic 
functionality. 

Neutralization of the acid form of the sulfonated 
terpolyner is done by the addition of a solution of a 
basic salt to the acid form of the sulfonated elastomeric 
polymer dissolved in the mixture of the aliphatic alco 
hol and nonreactive solvent. The basic salt is dissolved 
in a binary solvent system consisting of water and/or an 
aliphatic alcohol. The counterion of the basic salt can be 
selected from antimony, iron, aluminum, lead or 
Groups IA, IIA, IB or IIB of the Periodic Table of 
Elements and mixtures thereof. For the purpose of this 
invention preferred counterions are from the group of 
transition elements as described below. The anion of the 
basic salt is selected from a carboxylic acid having from 
about 1 to about 4 carbon atoms, a hydroxide or alkox 
ide and mixtures thereof. The preferred neutralizing 
agent is a metal acetate, more preferably zinc acetate. 
Sufficient metal salt of the carboxylic acid is added to 
the solution of the acid form of the elastomeric polymer 
to effect neutralization. It is preferable to neutralize at 
least 95% of the acid groups, more preferably about 
98%, most preferably 100%. 
We have surprisingly found that a very important 

factor in determining the strength of the interaction 
between the amine-containing polymer and the sulfo 
nated terpolymer is the nature of the counterion. There 
are, broadly speaking, three major classes of such coun 
terions. The first class, which are less preferred, are 
those metals of Group I and Group IIA, which include 
Li, Na, K, etc., Be, Mg, Ca, etc. We have found that 
these species do not interact as strongly with amine 
groups as the more preferred species described below. 
Those metals are commonly defined as members of the 
transition elements (see chemical text: Chemical Princi 
ples and Properties, by M. J. Sienko and R. A. Plane, 
McGraw Hill Book Company, 1974, page 19). These 
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metal cations are best exemplified by zinc and interact 
strongly with pyridine and similar amines. As a conse 
quence, a zinc neutralized sulfonated terpolymer inter 
acts much more strongly with a styrene/vinyl pyridine 
copolymer than does a magnesium or sodium neutral 
ized system. It is for this reason that the transition ele 
ments are preferred, with zinc, copper, iron, nickel and 
cobalt being especially preferred. We also include anti 
mony and lead as suitable cations. Other suitable coun 
terions are titanium, vanadium, chromium and manga 

Se. 

A third species is the free acid of the sulfonated ter 
polymer, which will also interact with amine-contain 
ing polymers. In this latter case, it is clear that the inter 
action is a classic acid-base interaction, while with the 
transition metals a true coordination complex is created, 
which is due to the donation of the electron pair of the 
nitrogen element. This distinction is a very important 
one and sets these complexes apart from classic acid 
base interactions. The surprising observation is that 
such coordination complexes can form in such extreme 
dilution insofar as interacting groups are concerned, 
and that they are apparently formed so far removed 
from their expected stoichiometry (based on small mol 
ecule analogs). In the case of acid-base adducts, this 
invention covers specifically the acid form of sulfonated 
terpolymer. These systems contain the low levels of 
acid groups coupled with the saturated polymer back 
bones which combine to make the acid-base adducts 
especially preferred. 
The amount of vinyl pyridine in the aminecontaining 

polymer can vary widely, but should range from less 
than 50 mole percent down to at least 0.5 mole percent. 

Preferably, the amine content in the basic polymer is 
expressed in terms of basic nitrogen. In this respect the 
nitrogen content in amides and similar nonbasic nitro 
gen functionality is not part of the interacting species. A 
minimum of three basic groups must be present on the 
average per polymer molecule and the basic nitrogen 
content generally will range from 4 med. per 100 grams 
of polymer up to 500 mea. per 100 grams. A range of 8 
to 200 meq. per 100 grams is preferred. 
A means of characterizing the apparent molecular 

weight of a polymer involves the use of melt rheologi 
cal measurements. For ionic polymers this is the pre 
ferred method since solution techniques are difficult to 
interpret due to the complex nature of the ionic associa 
tions. Melt rheological measurements of apparent vis 
cosity at a controlled temperature and shear rate can be 
used as a measure of apparent molecular weight of an 
ionic polymer. Although the exact relationship between 
melt viscosity and apparent molecular weight for these 
ionic systems is not known, for the purposes of this 
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invention the relationship will be assumed to be one of 55 
direct proportionality. Thus, in comparing two materi 
als, the one with the higher melt viscosity will be associ 
ated with the higher apparent molecular weight. 
The styrene-vinyl pyridine polymers of the polymer 

complex are formed by free radical copolymerization 
using techniques well-known in the polymer literature. 
Such polymers can be prepared by a variety of tech 
niques with styrene, t-butyl styrene, alkyl acrylates, 
alkyl methacrylates, butadiene, isoprene vinyl chloride, 
acrylonitrile, acrylonitrile/butadiene/styrene monomer 
mixtures and copolymers, or more complex mixtures. 
An emulsion polymerization process is generally pre 
ferred, but other processes are also acceptable. 
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The polymer complex is formed by either mixing 

solutions of the individual polymers or, alternatively, by 
mixing both polymers in a common solvent. 
The present invention describes a method for reduc 

ing the frictional drag of an organic liquid in flow 
through pipes or conduits having a continuous bore 
therethrough which comprises adding about 0.001 to 
about 0.5 grams of a polymeric complex to 100 ml of 
said organic liquid, wherein the polymeric complex is 
the reaction product of a metal neutralized sulfonated 
octene-1/ethylene/ethylidene norborene terpolymer 
and a basic nitrogen-containing copolymer, said basic 
nitrogen containing copolymer being a copolymer of 
vinyl pyridine with another monomer selected from the 
group consisting of styrene, t-butyl styrene, alkylacry 
late, alkylmethacrylate, butadiene, isoprene, vinyl chlo 
ride and acrylonitrile 
The following Examples illustrate the present inven 

tion without, however, limiting the same hereto. 
EXAMPLE 1. 

Preparation of Zinc-Sulfo-Octene-1 Terpolymer 
a. Polymerization 
A terpolymer of octene-1, ethylene and ENB was 

prepared in a five liter, well stirred vessel. The charges 
were: 2,500 ml cyclohexane, 500 ml octene-1, 20 ml 
ENB and an ethylene feed at a rate of 20 grams per 
hour. The temperature was kept at 25 C. with nitrogen 
purge. The catalyst containing 5.81 grams of VCl4 and 
29.3 grams of ethylene-sesquichloride in a hexane solu 
tion was added to the reactor at eight increments of 15 
minutes apart. The reaction was terminated four hours 
after the increment of catalyst addition by precipitation 
in 3.5 gallons ofisopropanol containing a blend of 30 ml 
concentrated hydrochloric acid and 70 ml of water. The 
recovered polymer was purified by redissolving in hot 
cyclohexane and precipitation in a blend of acetone-iso 
propanoi containing 2 grams of Irganox 1010 antioxi 
dant. The polymier was then vacuum dried at 70° C., 
with a final yield of 105 grams. The inherent viscosity in 
decalin at 35 C. was 0.24. 
b. Sulfonation 
The polymer of Example 1a was sulfonated using the 

following procedure: 103 grams of polymer was dis 
solved in 1,169 grams of cyclohexane. Sulfonation was 
effected by the addition of 20.8 ml of acetyl-sulfate at 
28° C. After 30 minutes a neutralization agent contain 
ing 10.5 grams of zinc-acetate in 120 ml of methanol was 
added. The polymer was then precipitated in methanol 
and was vacuum dried at 70 C. 
The product contained 15.2 milliequivalents of sulfo 

nate and 0.73 weight percent of zinc. 
EXAMPLE 2. 

Complex Formation 
The sulfonated polymer of Example lb was dissolved 

in xylene at a concentration of one weight percent (So 
lution A). A second solution was prepared by dissolving 
polystyrene-vinylpyridine in xylene at a concentration 
of one weight percent (Solution B). The second poly 
mer contained 8 mole percent of pyridine. 
The two solutions were mixed at a few ratios to ob 

tain complexes of zinc-sulfo-octene-1 terpolymers with 
styrene-vinylpyridine. 
The viscosity of various complexes is shown in Table 

I. 
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TABLE I 
Viscosities of Interpolymer Networks 

in Xvene at Wt. 7 and 25 C. 
Composition Viscosity Shear Rate 

Solution A/Solution B cP Asec 

OOAO 0.9) 300 
90/10 1,726 19 
80/20 5.340 3 
50/50 1.342 22 
O/100 6.0 300 

The data in Table I indicate a strong interaction be 
tween the polymers in Solutions A and B. The composi 
tion of 80/20 shows the highest viscosity is close to the 
stoichiometric ratio of functional groups in both poly 
nerS. 

EXAMPLE 3 

Drag Reduction of Improved Interpolymer Complexes 
Drag reduction was evaluated by flowing poly 

mer/xylene solutions through a 2.13 mm inside diame 
ter stainless steel tube and measuring the resulting fric 
tional pressure drops and flow rates. The flows were 
generated by loading a pair of stainless steel tanks (1 
liter each) with a previously dissolved polymer/xylene 
Solution, pressurizing the tanks with nitrogen gas (300 
kPa) and discharging the solution through the tube test 
section. Pressure drops were measured across by weigh 
ing samples of the effluent liquid collected over mea 
sured time periods. 
Flow rates in the drag reduction experiments ranged 

from about 12 to 25 g/s; these correspond to solvent 
Reynolds number from about 12,000 to 25,000 (solvent 
Reynolds number= mean flow velocity times tube di 
ameter divided by solvent kinematic viscosity). Drag 
reduction was measured by comparing flow rates of the 
polymer/xylene solutions with flow rates of the xylene 
solvent at equal pressure drops of 112 kPa/m. Results 
were expressed as percent flow enhancement, which is 
defined as: 

Flow Rate Flow Rate 
Percent Flow Enhancement = 100 x of solutigatosolvent Flow Rate 

of Sovent 

Comparisons of two new Zn-S-octene complexes 
with Zn-S-EPDM complexes are given in Table II. One 
of the Zn-S-octene polymers (GL-76) is described in 
Example 1 and Example 2; the other was prepared via 
similar procedures. The difference between the poly 
mers is identified in Table II. Also included in the table 
are baseline data for the styrene-vinylpyridine copoly 
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8 
mer used to form complexes with the other sulfonated 
polymers; none of the sulfonated polymers show any 
flow enhancement at 125 ppm concentrations. The data 
demonstrate that Zn-S-octene complexes produce lev 
els of drag reduction activity comparable to the Zn-S- 
EPDM complexes. The data also suggest that lower 
molecular weight (inferred from unsulfonated polymer 
backbone inherent viscosities) sulfonated polymers 
form more efficient drag reduction complexes with this 
particular styrene-vinylpyridine copolymer. 

TABLE II 
Flow Enhancement Results for 

Sulfo-Octene Complexes 
First Pass 

Polymers % Flow Enhancement 

125 ppm SVP 56 
(Baseline) 
125 ppm SVP + 76 
125 ppm Zn-S-EPDM #1 (GL-75A) 
125 ppm SVP + 106 
125 pm Zn-S-EPDM #2 (GL-88X) 
125 ppm SVP + 90 
125 ppm Zn-S-octene #1 (GL-78) 
125 ppm SVP + 97 
125 ppm Zn-S-octene #2 (GL-76) 
SVP as styrene-vinylpyridine, 8 mole % vinylpyridine, m.w.. s3.000.000; 
Zn-S-EPDM #1 = 10 meq SO/100g polymer with inherent viscosity of 1.5: 
Zn-S-EPDM #2 = 15 meq SO/100g polymer with inherent viscosity of so.3: 
Zn-S-octene #1 = 11.2 Ineq SO3/100g polymer with inherent viscosity of U.45: 
Zn-S-octene #2 = 15.2 meq SO/100g poiymer with inherent viscosity of 0.24. 

What is claimed is: 
1. A method for reducing the frictional drag of an 

organic liquid in flow through pipes or conduits having 
a continuous bore therethrough which comprises add 
ing about 0.001 to about 0.5 grams of a polymeric com 
plex to 100 ml of said organic liquid, wherein the poly 
meric complex is the reaction product of a metal neu 
tralized sulfonated octene-1/ethylene/ethylidene nor 
borene terpolymer and a basic nitrogencontaining co 
polymer, said basic nitrogen containing copolymer 
being a copolymer of vinylpyridine with another mono 
mer selected from the group consisting of styrene, t 
butyl styrene, alkylacrylate, alkylmethacrylate, butadi 
ene, isoprene, vinyl chloride and acrylonitrile. 

2. A method according to claim 1 wherein said styre 
ne/vinylpyridine copolymer contains about 0.5 to about 
50 mole percent of vinylpyridine. 

3. A method according to claim 1 wherein said sulfo 
nated polymer is in excess of said basic nitrogen con 
taining polymer. 

4. A method according to claim 1 wherein said basic 
nitrogen containing polymer is in excess of said sulfo 
nated terpolymer. 

k k k k 


