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Flory Distribution 3

Wi = 2-3026XMW “2* exp(—MW 7)
Where:

WIogMW = Molecular Weight Distribution

MW = Molecular Weight
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Costeux, S., S. Anantawaraskul, P. M. Wood-Adams, J. B. P. Soares, Macromol. Theory Simul. 2002, 11, No. 3.
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Molecular Weight and Long Chain Branch Distribution Model

f(r,n)= _2_pongana exp(—r7)

f (r,n)= frequency distribution of chain lengths

r = chain length

n = Icb/chain
7 = relates to propogation rate constant of vinyl terminated dead

polymer and propagation rate constant for monomer

Soares, JPB, A. E. Hamielec, Macromol. Theory Simul. 5, 547-572 (1996).
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Model Results for 0.1 Branches/1,000 Carbons

dW/dLogM
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Monte-Carlo Fractionation

START

Bremaining =0
3

Determine number of
R randomnumber from0to 1 | insertionsbefore termination

Nrepear = - IN(R)/A

v
Determine number of ethylene
insertions before LCB insertion

Xice=- In(R )/

A Probability of termination

u  Probability of LCB insertion

A

A

>

BREMAINING = BREMAINING +1
I\IREPEAT = NREPEAT - ><LCB

T

Simulate GPC separation by
sorting molecules based on

* Molecular weight

BREMAINING = BREMAINING -1

A

IS Bremaining > 0?

« Hydrodynamic volume Yes

* Radius of gyration
» Longest contiguous length Sort molecule
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GPC Fractionation Process
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Model Data for GPC Fractionation

16 1
GPC MWD Overlay
—Flory Distribution
1.4 -
——0.1 LCB/1,000 Carbons longest
length fractionation
1.2 7 ——(0.1 LCB/1,000 Carbons molecular
weightfractionation
10 A —0.1LCB/1,000 Carbons radius of
' gyration fractionation

=
S 08 -
-
©
~~
= 06 A
o

0.4 A

0.2 A1

0.0 L] L] L] L] L] T

3.0 35 4.0 45 5.0 5.5 6.0
Log Molecular Weight (by GPC)

6.5

® Trademark of The Dow Chemical Company

Page 9



Effect of LCB Level on Model MWD
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Zimm-Stockmayer Equation for Monodisperse Polymer

g = Zimm-Stockmayer Branching Factor
B, = Branches per Number Average Molecular Weight

Zimm, B. H. and W. H. Stockmayer, The Journal of Polymer Physics, Vol. 17, 12, pp. 1301 — 1314 (1949).
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Branching Equations

_77_
g'=| 2
_-77-|_M
g'=0°

R? = radius of gyration squared

n = intrinsic viscosity

b = signifies branched molecules

| = signifies linear molecules

M = molecular weight

& = determined experimentally to equal 0.5

Kurata, M, M. Abe, M. lwama, M. Matsushima, Polymer Journal, Vol. 3, No. 6 pp. 729-738 (1972).
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Model Results for MH Plot of 0.1 Branches/1,000 Carbons

>
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Linear Model Compounds - Single Site

Batch or Continuous Process

* Activation: create an L™
olefin binding site. ‘

* Initiation: the first P
monomer inserts. e \ @\W\ R

* Propagation: & \

glqlndotrﬂers hm_sert to I Zen
I IN. vi, s

» Molecular structure is
constructed. \ @\ \/J

* Termination: A chain &
Is released, and a new
chain initiates. =

CCCCC
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Model Compounds - Polyethylene with LCB

Continuous Process

-~ A - A_ —~ A
/ Ne o AN B-hydride climination \ @
""" Si Ti n =— el Ti C - - Ti
NS Y e, — N e ) N

Molecule # 2 /1) 4 —
LCB Q 2) chain termination
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Model Compounds

Molecular Weight and LCB Distribution Determination

Sample Description Mn Mw Mw/Mn
Batch Reactor Sample A 24400 | 50900 2.09
Batch Reactor Sample B 41900 | 84000 2.00
Continuous Reactor Sample A 52700 | 105500 2.00
Continuous Reactor LCB Sample A 33700 | 79800 2.37

Comonomer Distribution Determination

Sample Description| Molecular Weight MWD| Mole % Comonomer
Component A ~115000 2 1.3
Component B ~115000 2 0
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Triple Detector GPC

>

LALLS Viscometer
) R —
—
| Concentration
ﬂC | Detector
olumns
[TTTTTTTTITITI T
1,2,4 Trichlorobenzene n ‘QH :H
Injector
Solvent
Delivery
System

Computer
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GPC Analysis of Single Site Polymer MWD

>

Flory (Most Probable) MWD Converting to GPC elution curve w(V)
[dW(M )}:(M,Mg),exp(_,w /Mn) W(V):{dW(V)}: dW(LogM ) {dLogM}
. dM dv dLogM dv
dW(LogM ) 2 112

W}:( M=/ Mq )-exp(— M/ Mn) where {dl‘;\?M }:slope GPC calibration

GPC Modeling Using Tung’s Axial Dispersion Equation”

Model Prediction of GPC Curve Convoluted with Axial Dispersion

F) =l w60 - oy where, G(V -y) = —j—e-w-y“'“z

o\ 2r
where, o = Gaussian axial dispersion standard deviation

* L. H. Tung, J. C. Moore, G. W. Knight, J. Appl. Polym. Sci. Vol. 10, 1261 (1966)
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Flory Distribution Versus Measured Distribution

>
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BB Modified Flory Distribution Versus Batch Reactor Sampl
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Batch Reactor Sample B — Model Versus Real Data

>

dW;/dLogM

14 A

1.2 A

3.0

GPC MWD Overlay

—Flory Distribution

—Batch Reactor Sample B

—BB Modified Flory Distribution

35 4.0 45 5.0
Log Molecular Weight (by GPC)

55

6.0

® Trademark of The Dow Chemical Company

Page 21



Flory Versus Batch for 15t Order and 5t Order Fit

>
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Continuous Process Linear Versus Model

dW;/ dLogM
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Continuous LCB Sample A Versus Model Result

<>
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Mark-Houwink Plot Linear versus Model Versus LCB Sample A

>
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Crystallization Elution Fractionation (CEF) :
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Cocrystallization Complicates SCBD Analysis

>

1.95 F
Experimental
+
s | resultfor (A+B)
5
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£ Expected result
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Component B
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» Limits resolution
» Causes composition inaccuracy
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High Temperature Liquid Chromatography (HT-LC)

Temperature /

Temperature

Time .
Solvent Detectors
Interaction with
column Advantages of HT-LC:
_ » No Co-Crystallization Effects
& Linear » Fractionates amorphous
“L Minimally Branched polyolefins

*%  Highly Branched
Amorphous chains

® Trademark of The Dow Chemical Company



Concentration

TGIC eliminates cocrystallization :

Blend of 0 mol% octene with 1.3 mol% octene (both 1MI)

CEF observed cocrystallization TGIC did not observe cocrystallization

14.95 016

Blend: 1.3:0 = 50:50
Meas.: 1.3:0=66:34

0.141

o
B

9.95 4
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=
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2

4.95 A

Conc detector response

o
3

-0.05

004
75 85 95 105 115 135 140 145 150 1% 160 165 170 175

Temperature of CEF (°C) TACetiontep (O

» Composition accuracy with TGIC will improve the ability to verify product

design and develop structure —property relationship.
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Conclusions

>

» Batch reactor samples with minor adjustments for Band
Broadening generally match GPC molecular weight distribution
results.

* The use of model compounds can be a very sensitive way to tell
how well your GPC is functioning.

* Model results for LCB Sample A match best with molecular weight
fractionation model.

* The use of the Zimm-Stockmayer model works well in predicting
the Mark-Houwink relationship for Continuous LCB Sample A.

 The HT-LC method offers the potential to finally be able to supply
correct comonomer distributions which can greatly improve our
ability to model comonomer distributions.
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