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Schematic diagram of analytical TREF

[L. Wild et al.,J Polym Sci Part B Polym Phy20, 441455 (1982)]
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Detection in TREF

Concentration detector -
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Molecular weight detector
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Concentration Detector

Infrared (IR) detector is
commonly used in TREF

Fixed wavelength
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Absorbance

IR Spectrum of ethylene/1-olefin copolymer in
1,2,4-trichlorobenzene at 140 °C
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A copolymer----poly(A-co-B)

IR detector not
working anymore

€\ 7 €
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IR Spectra of homopolymers A and B

— Homopolymer A
— Homopolymer B
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FT-IR detection

IR spectrum instead of absorbance at single wavelength

Dual-wavelength technique or multivariate calibration method for calculation

Simultaneous determination of both polymer concentration and composition

IR Spectrum of poly(A-co -B)

P o) IV(A- CO- B) — Poly(A-co-B)
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Polymer concentration

Based on Beerios | egh;-egA, ~
: Ca= T 3 and composition
A= Le,Ch+ LegCy R €165 - LExEp :
: C=C,+Cy
C A1 - €1aA,
Az =LepnCa+ LepCsy % Tegen-Legen By % = 100G/ (C, + Cp)

IR Spectrum of poly(A-co -B)
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Multivariate calibration method

Learning

v

IR spectra of homopolymer
| A and B mixtures For example: : :

: Multiple Linear Regression (MLR) Calibration Model
Principal Component Regression (PCR)
Partial Least Squares (PLS) regression

Polymer concentrations

IR Spectrum of poly(A-co -B)
Spectral region(s)
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IR spectrum
of unknown
sample

Partial Least Squares (PLS)

Predicting C, and Cg

v

PLS Calibration Model

B, % = 100C; / (C, + Cyg)

Polymer concentration
and composition

C=C,+Cq

IR Spectrum of poly(A-co -B)

Spectral region(s)
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TREF-FT-IR Instrumental Set Up

Polymer Laboratories FIR Interface
and Heated Transfer Line Polymer Char CRYSTAH REF 200+

-
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Bruker Tensor 27 @5
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Case Study t---Ethylene/a-octene copolymer

IR spectra
\/V\/CHZCHZ-CHZ?H-CH2CH2CHZCH2CHZCH2\/V\/
(CHp)s
CH,

=== Fittecd Peak 3
= — — Pt Pesik 4
- — — P Peak ©

— — — Fitked Pemik 3

e rbe e

Linear polyethylene, MW 115000 Alkane hydrocarbon, C20
CHS(CH2)18CH3

* note: Online FT-IR detection has been used in SEC for analyzing comonomer distribution in etydéefed copolymers.
see P. J. DesLauries et aPplymer 43, 159170 (2002).
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Case Study }---Ethylene/a-octene copolymer

PLS calibration model

Fitvs True / Conc [ug/ml] / Calibration Fit vs True / CH3 [ug/ml] / Calibration
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BrF = (14000 x [CH])/(15 X [C]-14 xn X [CHJ])

(n= 5 for octene)
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Case Study I---Ethylene/a-octene copolymer

TRERFT-IR profiles

TREF-FT-IR profile of ethylene/a-octene copolymer |
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Case Study IF---Polystyrene grafted poly(ethyleneco-vinyl acetate)

IR spectra

Polystyrene (PS
‘ ysty (PS) IR Spectrum of PS grafted EVA
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* note: Online FT-IR detection combined with a viscometer has been used in SEC for characterization of several types cbgbjyemers.
see Z. Zhang et alnt. J. Polym. Anal. Characii2, 185201 (2007).
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Case Study IF---Polystyrene grafted poly(ethyleneco-vinyl acetate)

PLS calibration model

Fitvs True / Styrens [ug/ml] / Calibration Fitvs True / EVA Jugiml] / Calibration
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Rank:4 R*=100 RMSEE=4.13 Rank:3 R*=39934 RMSEE =552

[C] = [Cpd + [Cryal

PS wi% = 100[GJ/[C]
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Case Study IF---Polystyrene grafted poly(ethyleneco-vinyl acetate)

TRERFT-IR profiles

TREF-FT-IR Profile of Polystyrene TREF-FT-IR Profile of EVA
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Case Study IF---Polystyrene grafted poly(ethyleneco-vinyl acetate)

TRERFT-IR profiles
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Case Study IF---Polystyrene grafted poly(ethyleneco-vinyl acetate)
Grafting efficiency and morphology

PS grafted EVA | PS grafted EVA I
AFM Image AFM Image

TREF-FT-IR results:

_ TREF-FT-IR results:
Soluble Fraction @ 30C =68.2%

Soluble Fraction @ 30C =66.8%

PSwtin Total = 67'75/0 PSwt in Total = 68.6%
PSwt in (lﬂSOlUble @ SOC) =14.6% PSwt in (lnSOIUble @ 30(:) = 21.5%
STYgrafted/STYtotal = 6.9%

STYgrafted/STYtotal = 10.4% 21



