UNCLASSIFIED
ECURITY CLASSIFICATION OF YHI

Ji‘;f’f‘ﬁ

Al D

13 REPORT SECURITY CLASSIFICATION o

,-

7..43

Ta

4

AD-A238 547

mine

5 'y
Q-f! Y
2b. DFCLASSIFICATION / DOWNGRADING::SCHEDUL

Sy
» SF

Unclassified S ,‘.,,.
2a SECURITY CLASSIFICATION Auw"éoittv =

lll
3 DISTRIBUTION/AVAILABILITY OF REPORT

Approved for public releasc;
distribution unlimited.

4 PERFORMING ORGANIZATION REPG;RT NUMBER(SY

Lovdr

5. MONITORING ORGANIZATION REPORT NUMBER(S)

AR> A4 -9 18-Cr-

6a. NAME OF PERFORMING ORGANIZATION

State Universityv of New York

6b OFFICE SYMBOL
(If applicable)

7a. NAME OF MONITORING ORGANIZATION
U. S. Armyv Research Office

6c ADDRESS (Gity, State, and ZIP Code)
Cheristryv Department
Ctate University

Stonv Rrook, New York 11794-3400

of New York at Stony Brook

7b. ADDRESS (City, State, and ZIP Code)
P. 0. Box 12211
Research Triangle Park, NC

REeiR]

27709~

-l

Ba. NAME OF FUNDING /SPONSORING
ORGANIZATION

U. S. Army Research Office

C

8b. OFFICE SYMBOL
(if applicable)

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

DA 03 -87-5-0/36

8: ADDRESS (City, State, and ZIP Code)
P. 7. Box 12211
Rescarch Triangle Park, NC

27709-2211

10 SOU=ZE OF FUNDING NUMBERS

TASK
NO

WORK UNT

PROGRAM PROJECT
NO ACCESSION NO

ELEMENT NO

11 TITLE (Include Security Classification)

Properties of Polvmer Fluids

Light Scattering Characterization of Polvmer Additives and Correlation of Meolecular

12 PERSONAL AUTHOR(S)

16 SUPPLEMENTARY NOTATION

17 COSATI CODES

FIELD GROUP SUB-GROUP

Ben Chu
13a TYPE 'OF REPORT 13b TIME COVERED 14. DATE OF REPORT (Year, Month, Day) ['S PAGE COUNT
Final FROM T0 1/31/9 1991, March 27

The view, opinions and/or findings contained in this repert are those
of the author(s) and should not be construed as an official Department of the Armv
_policv, or decision, unless so designated by other documentation.

designated

position,

18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

and viscosimetry.

agent.

pOlV (iBMA-tBADMA) .
factor of 20.

‘9 ABSTRACT (Continue on reverse if necessary and identify by block number)

In the ARO project, we have succeeded in characterizing a random copolvmer of

pelv(iscbutv] methacrvlate-co-tertbutvl aminoethvl methacrvlate), abbreviated as

polv (iFMA-tBALMA) in polar and protic solvents by means of laser light scattering (LLS)
Intra~- and intermolecular interactions could be used to expla
accregation behavior which dominates the rheolopical properties of a large variety of
surh polvmer solutions, making polv(iBMA-tBAIMA) a useful polvmer additive/thickenine
Bv adding another polvmer which can complex with polv(iBMA-tBAEMA), we have
found that the pclvmer can be used as a viscosity enhancer for the polvmer additive,
Vith sulfonated polvstvrenes,

in the

the enhancement could reach a

20 DISTRIBUTION /AVAILABILITY OF ABSTRACT
O uncLassIFEDAUNLUMITED B SAME AS RPT

O oTic USERS

21 ABSTRACT SECURITY CLASSIFICATION
Unclassified

22a NAME OF RESPONSIBLE INDIVIDUAL

22b TELEPHONE (incivde Area Code) | 22¢ OFFICE SYMBOL

DD FORM 1473, sa MAR

83 APR edition may be used until exhausted
All other editions are obsolete

10

SECURITY CLASSIFICATION OF THIS PAGE

UNCLASSIFIED




- Best
Available
Copy



Light Scattering Characterization of Polymer Additives and
Correlation of Molecular Properties of Polymer Fluids

Final Report
Ben Chu

March 27, 1991

U.S. Army Research Office J ‘_-;.-».:;:-i.;. g

Contract #DAAL103-87-K-0136

(2 5% PRI .
} T )
Y N
St : \
i Spe
v

Di
i
Chemistry Department \
State University of New York at Stony Brook Lo .

91-0566

668
o1 s 1 T




FOREWORD

Polymer additives are used to influence rheological properties of fluids. Non-
Newtonian fluid behavior can be created by entanglement of polymer coils in solution.
In order to increase the effectiveness in the entanglement of polymer coils based on per
unit weight, it is desirable to create an environment in which the polymer coils tend to
aggregate to form supra-molecular coils and to increase the coil size by swelling so that
the effective value of the overlap concentration decreases. The aims of our projects
were:

1. to characterize the polymer additives of interest, e.g., poly(iBMA-tBAEMA),

2. to study polymer dynamics in the semidilute solution regime, and

3. to investigate whether the aggregation effect could te improved by the presence

of other forces.

I.1. Characterization of Polymer Additives

Polymer additives tend to form supramolecular systems which are large (perhaps
even of the order of thousands of Angstroms) in size. Our prism-cell laser light
scattering spectrometer [1] is specifically designed to characterize the conformation and
dynamics of large polymer coils in solution. It is capable of measuring both the angular
distribution of scattered intensity and of Rayleigh linewidth and can perform small-angle
self-beating dynamic light-scattering measurements down to a scattering angle of a few
degrees.

The semidilute polymer solution is viscous and often exhibits non-Newtonian fluid
behavior. So, we have constructed a magnetic sphere/needle rheometer [4,7] capable of
viscosity and viscoelastic measurements in a closed system which offers a unique
advantage because of the long-term rheological tests of semidilute polymer solutions

with possible volatile solvent components.

1.2. Polymer Dynamics in the Semidilute Solution Regime

Diffusion of polymer in binary and ternary semidilute solutions [S] was carried out
by investigating the dynamic properties of polystyrene (PS) in toluene (TOL), PS1/PS2
in TOL and PS1/PMMA2 in TOL where "1’ and "2" denote matrix polymer at

semidilute concentrations and probe polymer at dilute concentrations, respectively. It




should be noted that poly(methyl methacrylate), PMMA, was isorefractive with the
solvent TOL. The polymer chain dynamics revealed a fast mode which could be
interpreted as the cooperative diffusion of entangled chains and a slow mode which
could be attributed to the coupling of the matrix polymer with the probe polymer. We
were not satisfied with the dynamics of the equilibrium conformation. So, we tried to
deform the macromolecule (DNA) by applying an electric field and to examine the field-

free relaxation time of DNA in the presence of a polymer network (agarose gel) [2].

1.3. Aggregativi Behavior

Polymer additives, such as poly(iBMA-tBAEMA), are random copolymers and
would have been almost impossible to characterize if it were not for the coincidental fact
that the two components (iBMA-tBAEMA) form essentially isorefractive polymer
segments. Thus, one can determine the true molecular weight and the size of the
aggregates by means of light-scattering [8]. Viscosity measurements [9] confirm a
breakup of poly(iBMA-tBAEMA) at extreme dilutions. A combination of the two
physical methods of characterization permits us to detect the degree of aggregation.

The aggregation behavior of block copolymers which are better defined than
random copolymers, such as poly(iBMA-tBAEMA), were examined in terms of
composition heterogeneity [3] and polymer block length of one of the components [6].

In summary, we have constructed unique instrumentation [1,4,7] and have taken
advantage of the fact that poly(iBMA-tBAEMA) can be treated as a "homopolymer" as
far as laser light scattering (LLS) in concerned. Thus, the aggregation behavior could be
investigated under a variety of experimental conditions. It should be noted that LLS
represents the only absolute method for molecular weight (or more precisely, molar

mass) and size determination of this unique copolymer, poly(iBMA-tBAEMA).

In the process of trying to find out how we can enhance poly(iBMA-tBAEMA) as a
polymer additive, we have begun our studies on interacting polymers [10] and interactive
polymer mixtures [11] in solution. By adding an ionomer to poly(iBMA-tBAEMA), the

viscosity of fluids can be enhanced more effectively up to a factor of 20.




FINAL REPORT

Statement of the Problem

1. Determination of the weight average molecular weight Mw’ the radius of
gyration Rg’ the second virial coefficient Az the translational diffusion

coefficient DT and the polydispersity of poly)iBMA-tBAEMA) in different

solvents.

2. Study of the rheological properties of poly(iBMA-tBAEMA) as a function of
concentration, temperture and shear rate.

3. Investigation of ion-containing polymers as a complexing agent for poly(iBMA-
tBAEMA), which will promote the viscosity of fluids as a thickening agent.

Summary of Most Important Results

1. We have succeeded in characterizing poly(iBMA-tBAEMA), which tends to
aggregate at dilute concentrations.

2. A magnetic needle rheometer (MNR) was developed and constructued in order
to measure the rheological properties of semidilute and concentrated
polymer solutions whose solvents tend to be volatile. The MNR was featured
on the front cover of Polymer News in the December, 1990 issue. A patent
(R-625) has been filed for this invention.

3. We have begun studies of polymer mixtures which interact with each other via
hydrogen bond and electrostatic interactions. The resulting aggregates from
very large globules making the fluid solvent medium viscous. Viscosity
enhancers to the polymer additives, which are used as thickening agents, have
been developed. This idea has been communicated to the Research
Foundation of the State University of New York for possible patent
application.
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