New Insights into Hierarchical Structures in Polymer Nanocomposites : A Dissipative
Particle Dynamics (DPD) Simulation Study

UNIVERSITY o

=

: ' |

Ashish Gogia !, Kabir Rishi <, Alex M McGlasson 4, Greg Beaucage 4, Vikram K. Kuppa 1 e

1 Nonstructural Materials Division, University of Dayton Research Institute, University of Dayton, Dayton, Ohio. D AY | O
? Department of Chemical & Materials Engineering, University of Cincinnati, Ohio.

. INTRODUCTION [11. SIMULATION BOX V. RESULTS & DISCUSSION V. CONCLUSION

' ? -f1 : : - : : i : : :
R nanoco_mpos!tes - _ Polymer f1|l ler system Population distributions DPD simulations to look at polymer-filler blends, focusing on filler structure
A polymer matrix which contains nanoparticles [ |
1 1 _ _ _ _ B T T | T | T | T ]
of various sizes, and types. Npotymer = 81000, Ngjjer = 628 Npoymer = 81000, Ny = 3140 L o Net000 A o - 0 Role of density
WEPITON DO, - 100 = -.. e P=9.U, = » Mop = E o ] ] ] . ]
P "~ 2 e ", s p=10,N=1000,A =25 ° - Unsurprisingly, higher density promotes cluster formation: mapping back
oY | | | O [ g " Ny =5% =05 N=1000.A =25 - to real systems is still a challenge
[ Distribute fillers uniformly in the polymer B 0L +% & .
: : ; : —_ = ‘.. i | p=0-59N=10001A_=25 3 < A - f clust
matrix - dispersion vs aggregation O E e PP ] %2 AVeragesize Or cluster : :
4 Hierarchical structure, filler morpholo S Bt “05 .'-.. : - Filler'volume fraction
’ PROTOgY s 1 “. . M cope - 0295 4 Ni:Totalnumberof particles || _ cjyster (used as an analog for aggregate) formation strongly depends on o
O - ... - ] : : ; : i
_ _ [ 1 N. - Distribution of . - Weakly interacting fillers follow established thermodynamic models
Experimental Techniques (USAXS) g - \\. '0\9:'!". 0011 2 - DISHHIDUTION 0T a43Tegates y ) y
_ _ > 0.1 1"sllmp::le =-0.33 e® l.. Psitter = Y- . _
d Fractal dimensions (d;) g . o, "y 1 n, : Degree of Aggregation
2 Mesh si i \ Slope = - 0.261988¢*” ¥mg ] 4 The road ahead
esh size - | 1 . . .
- 0.01 067 | . oo | ®womg - Use fractal aggregates with bonded primary particles
d  Percolation (conservative, repulsion) 0 10 20 30 40 50 : :
O Second virial Coefficient (A,) Degree of Aggregation  [pensity(e) _ p— - - Elucidate local (nanoscale) and global (mesoscale) percolation, length-
2 @>® A »-p : Polymer - Polymer Priner P 2 scales
3.0 0.011 -0.264 3.78
" 1.0 0.004 -0.33 3.03
'V'_O‘]'_e"”_gﬁm | | | (N,(ny)) = (N,"/z,>)exp (—n,/z,) (Related Talk by Gogia and Kuppa et al. (Session L33.00012, 10:12 AM,
 Dissipative Particle Dynamics (DPD) simulation March 04, Room : 505)
0.5 0.011 -0.295 3.38
1l. GOALS / OBJECTIVE Radial Distribution function (RDF) VI. REFERENCES
: : B = 1. S. Plimpton, "Fast Parallel Algorithm for Short Range Molecular Dynamics", J. Comp Phys
(d  Develop a pseudo-thermodynamic model for coarse grained [%& Density = 0.5 1995 P : : Y Py
lnteractlon_s_. | o | | 4 | | | | 2. D.K. Rai, G. Beaucage, K. Vogtt, J. llavsky, and H.K. Kammler, "In situ study of aggregate
(d  Study equilibrium carbon black & silica filler structures in - ; topology during growth of pyrolytic silica”, Journal of Aerosol Science, 2018, vol 118, pp.
rubber over multiple length scales. - 1 3. — N=1000,A, ;=250 34-44.
3  Extend model and results for wide and robust applicability. o % Nfijo, = 5X — N = 1000, Ap_p =100.0 3. PJ. Hoogerbrugge, and J.M.V.A. Koelman, "Simulating Microscopic Hydrodynamic
: : : - - — e : £ - Phenomena with Dissipative Particle Dynamics", Europhys. Lett, 1992, vol 19(3).
fraction rati [ T . _ . . Ioe, VLI 299) .
- Er)](glogle g?serzgil Identity, volume fractions, aspect ratios, c_g 4 C_Oordmatlon number :2 _ 4. P. Nikunen, 1. Vattulainen, and M. Karttunen, "Reptational dynamics in dissipative particle
pOTydISPErsity. a 3.5 l 1 Size of cluster (z) : 13 52 | dynamics simulations of polymer melts", Physical Review 2007, vol 75.
...... 8_ " y 1 5. K. Rishi, et al., "Impact of an Emergent Hierarchical Filler Network on Nanocomposite
S Dynamics", Macromolecules, 2018.
e & B e N=1000,A =25 - - 6. M.E. Cates, and S.J. Candau, "Statics and dynamics of worm-like surfactant micelles", J.
" S I mm N=1000,A =100 4 Phys.: Co_ndens. Matter, 1990, vol 2, pp. 6869-6892. | |
O T Ap p=25 | 7. A. Mulderig, et al., "Structural Emergence in Particle Dispersions"”, Langmuir, 2017, vol 33,
o 2.5 L oPP - 6 8 pp. 14029-14037.
% A-AN=100, A, =100 8. P. Espanol, and P. Warren, "Statistical Mechanics of Dissipative Particle Dynamics.",
B o N @m0 W R ‘ Mgy ), Pl ; ; Europhys. Lett., 1995, vol 30, pp. 191-196.
. o — ' n 2 . l . | : l Filler-filler RDF 9. A. Mulderig, G. Beaucage, K. Vogtt, H. Jiang, and V. Kuppa, "Quantification of branching in
Flgur_e 1: Transmission electron micrographs of (a) Ox50_, (b) A90, (c)_A300_& (d) A380 samples 1 2 3 3 Coordination number : 6 fumed silica", Journal of Aerosol Science, 2017, vol 109, pp. 28-37.
showing branch_ed fractal aggregate structure. Across this s_ample se_rles_of Increasing specific number dens|ty 0 Size of cluster (z) : 20 10. K. Rishi, A. Mulderig, G. Beaucage, K. Vogtt, and H. Jiang, “Thermodynamics of
surface area, primary particle size (dp) decreased monotonically while significantly increased Hierarchical Aggregation in Pigment Dispersions”, Langmuir, 2019, vol 35, pp. 13100
degree of aggregation (z) was observed. Figure 3: Plot showing Filler cluster population vs. the number density 131009.
Dynamic properties of system with different polymer chain length Radius of Gyl‘ation of the LargESt cluster V I I AC KN OWL E DG M E NT
Long Polymer chains P \\,E Short Polymer 6 | ' ‘ ' ' — ! Collaborators:
" ' (1000 beads) ] hains (100 bead 7 BN | “§
./ chains ( eads) =) _ N _( » Dr. Greg Beaucage (E
T B R B R mc) [ ¥ AN._ﬁ_.l‘!Q[_z SX j ! f UNIVERSITY OF
oo N=1000,A =250,A =10.0 ] " oo N=1000,A =250,A =10.0 - “] Students: C‘ . .
P-p ) A p-p f-f (" .
0.8 N=100, A =250,A =100 - N=100,A =250,A =100 - > o t
m CNe AT 250AM00 | oI, 0, __ [ ) - e INcinnati
- ——
206 - © = Alex McGlasson
log g log g _ log q log q -E a P S
® 2 3 =% CMMI-1635865, 1636036
- . Thic idaal: , , - - - - 20.4] 10k i oo N=1000,A =25 -
Figure 2: This idealized SAXS scattering diagram shows the relationship of the intensity of e : “— p-p _
scattered X-rays per weight fraction filler, log 1/®, with respect to the scattering vector, log q. L O m-m N =1000,A =100 Argonne DOE CONTRACT : DE-AC02-06CH11357
As the filler becomes more agglomerated from A to D, the scattering intensity plateaus at larger 0.2 g eaN=100 A =25 \/ \L/ &
scattering vectors. Multiple variables describing the superstructure of the filler can be L ] = o p-p - / Uni i+ £ Davi
calculated from theory, such as the fractal dimension of different length scale regimes of the ] B . . . L S P S P S '”1500 S A-A N =100, A, =100 AN [ niversity o . ayton
filler structure, to the inverse of v which can be shown to be indirectly proportional to the ¢ A 4OﬂCONF|gOO 500 Sl : W NCONFIG i b -k N = 100, Ap_p=100 % Research |nst|tute
effective repulsion of colloidal particles relative to the background melt. This represents _ : 1 : | . l
valuable information for both estimating relative repulsion forces for DPD species and for End to end autocorrelation of polymer beads | | Mean square displacement of polymers beads 0 1 2 . 3 /\\ A R R R
determining whether simulation results match the measured superstructure for a given volume number denS|ty /
fraction and composition. Figure 4: Plot showing the chain dynamics of N=1000 vs. N=100 beads polymer chains using a) End to _ _ _ _ _ N
end autocorrelation function b) Mean square Displacement. Figure 5: Plot showing the Radius of Gyration of clusters over different number densities. Graduate Student Summer Fellowship Program, Office of Graduate Academic Affairs




