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s 1| Raman Spectroscopy of Polyethylenes
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Intensity (a.u.)

Raman Analysis — Peak Fitting and Intensity Ratios

MDPE-1 As Received

021

X o Il#lﬂ )
“ = AT 1205 + T 1303) . Crystalline
Interphase
Ii"ﬁﬂ
X, = - Amorphous
“ 7 (oo + Lisos) v

IIEI}E _
[Ilzas *‘I1305)

Xy =

800

1000 1200 1400
Raman Shift (cm-1)

1600

1800

fraction of crystalline, interphase, and amorphous

I
Fitting Raman data allows us to calculate the mass '
regions I




s 1| Raman Analysis — Phase
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Raman mapping allows us capture surface variation,
analyze homogenous regions and look for gas trends
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7 1 In-situ Raman

Linkam FTIR600 Stage Linkam stage allows us to collect Raman data up i
_ to 600 C in different gas environments
« Gas environment and temperature
control with simultaneous imaging or
Raman collections
Ex. Raman spectra during MoS2 annealing in nitrogen
e Ex. Comparing Raman spectrum of MDPE with the melt :
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Temp(°C)

8 ‘ In-situ Raman

Modular Force Stage

e Tension, compression, multi-point bend

*  Temp., humidity, gas environment

New stage allows us to simultaneously collect
stress/strain curves and Raman data up to 600 C

in different gas environments

22.5+

22.04

21.5

21.04

20.5

20.0 4

19.5

19.0

18.54

18.0

1— 3.500
~3.000
~2.500
~2.000
~1.500
~1.000
~0.500
~0.000
~-0.500

~-1.000

100 200
Time(sec)

300

400

Force(N)

-20.000

15.000

10.000

Dist(mm)

-5.000

-0.000




9 ‘ Tensile Tests of MDPE Pipe After 250psi H , for 1 Month
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Initial tests in study on the influence of strain rate
and temperature on tensile performance of
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I
o I XRD of MDPE After Hydrogen Exposure and Tensile Testing @q

* Room temperature tensile tests Hydrogen exposed samples appear less
crystalline after RT tensile tests

* As received vs 1Tmo 250psi H2
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1w I XRD of MDPE After Hydrogen Exposure and Tensile Testing m

 Heated tensile tests

* As received vs 1Tmo 250psi H2
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12 ‘ XRD - Challenges

Small adjustments of sample placement/shape affect the peak ratios and intensity
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3D printed nylon stage contributes to the amorphous counts

XRD pattern (degree of crystallinity and peak ratios) dependent on pipe location
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13 ‘ XRD - Challenges
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Crystallinity very sensitive to fit

* How to choose parameters and fit properly?

* How to remove amorphous contribution from nylon stage?

63.2% crystalline

Unfilled HDPE_As Rec

— FitPeak 1
Fit Peak 2
— FitPeak 3
Cumulative Fit Peak
Model Voigt
Equation y = nif_voigt(x,y0.xc,A,.wG,wL);
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‘ In-Situ XRD

Panalytical Empyrean w/ XRK

900 chamber
temperature control

10 bar pressure plus
Rigaku Smartlab
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In-situ temp. and humidity w/ DSC

In-situ Hydrogen
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