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In situ Characterization of Molecular Structure and Crosslinking
Degree in Polyolefin Materials Containing Insoluble Components

Lin Liu, Xu Liu, Liu-hai Feng, Dong-xue Ren, Pei-qian Yu, Yue Yu, Lin-feng Chen, Rong-juan Cong”
(National Institute of Clean-and-Low-Carbon Energy, Beijing 102201)

Abstract Polyolefin products are extensively utilized across numerous sectors of human life thanks to their low
cost and tunable properties through molecular structure engineering. However, the existence of various additives and
inorganic fillers, purposefully or unintentionally added into the polyolefins during synthesis and subsequent fabrication
process, has been a challenge for all of high-temperature liquid chromatographic techniques. Removal of these
impurities via bench-top high-temperature filtration prior to the actual chromatographic analyses significantly
increases analytical complexity. Herein, an in sifu analytical method integrating sample dissolution and impurity
separation via a customized Filter Assembly is proposed. Only the initial sample preparation requires manual
operation, whereas all subsequent experimental procedures may be automatically implemented, endowing the
method with simplicity and high efficiency. Experimental results demonstrated that the proposed strategy can
effectively eliminate impurity interference, and deliver accurate and well-reproducible data. Furthermore, this
innovation is also suitable for quantifying the degree of cross-linking in cross-linked polyethylene samples with or
without inorganic filler. The average testing time per sample is shortened to 54 min, in sharp contrast to the
minimum 24 hour required by the standard ASTM D2765-16 method. Moreover, this developed approach provides a
promising alternative for investigating the oxidation behavior of polyethylene and the characterization of other
polymer systems containing insoluble components in the target solvent system.
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Table 1 Dimensions of the filter assembly and housing cage.

Filter assembly
(length x width, mm)

Housing cage
(height x outlet diameter, mm)

AR, PRt RO TR TR, R T A 48 x40 13.7x8.0
A7 1 R BEAT ,  SEINAT IR IR L) S B B R Aot 60 < 40 15.0<11.9
Table 2 Details of polyolefin samples and other chemicals used for the study.
Material Source

Polypropylene sample containing 12 wt% carbon black (PP-c-12% carbon black)

Cross-linked polyethylene (XL-PE)

Virgin high density polyethylene DMDA 8007
Polyethylene sample with contaminants (C-PE-1 and C-PE-2)
Polypropylene sample (PP) MFR=3.3 (by ASTM 1238)

1,2,4-Trichlorobenzene (TCB)
LLDPE DOWLEX™2045G

Made in house according to Ref. [9]
Made in house according to Ref. [9]
https://b2b.baidu.com
Experimental sample
Xinjiang Chemical Co., Ltd.
https://www.honeywell.com.cn

https://www.1688.com
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Filter sheet Housing cage

Fig. 1 Schematic steps for wrapping samples with filter assembly.

Fig. 2 Comparative experiments of polypropylene samples
containing 12 wt% carbon black (PP-c-12% carbon black).
(a) Sample dissolved in TCB without filter assembly;
(b) Sample solution prepared with filter assembly; (c) Sample
from (b) after cooling down to room temperature.
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Flg 3 Polyethylene samples with contaminants (C-PE).
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Table 3 GPC data of DOWLEX™2045G with and without filter assembly.

Sample M, (g/mol) M, (g/moL) M, (g/mol) M, (g/moL) Massrecovery (%)
DOWLEX™2045G 114600 419300 26700 1264000 100.0
DOWLEX™ 2045G with filter assembly 113100 401600 26200 1157100 99.5
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Fig. 4 HT GPC chromatograms of the polyethylene sample
containing impurities (C-PE-1) prepared with the in situ method.
The first Y axis is IR signal (as concentration detector). The
second Y axis is MALS light scattering signals at different

angles.
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Table 4 GPC data of the polyethylene sample having
contaminants (C-PE-1).
M,, (g/mol) M, (g/mol) M, /M, Mass recovery (%)
88200 39100 2.25 94.00
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Fig. 5 CEF chromatograms of the polyethylene sample

containing impurities (C-PE-2) prepared with the in situ method.

The first Y axis: IR signal as concentration detector; The second

Y axis is viscometer signal.

Table 5 CEF data of the polyethylene sample having
contaminants (C-PE-2).

Crystallization Room temperature ~ CHj/ Mass
temperature (°C) soluble fraction (%) 1000TC recovery (%)
57.80 34.10 26.30 65.70
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Table 6 Comparison between in-situ filter assembly, PL-SP260VS and EFS.

In situ filter assembly PL-SP260VS EFS
Online/in situ use? Yes No Yes
Potential of Yes No Yes
automating filter
assembly?
Maximum number of 42 1 6
samples to be prepared
in one batch
Cost per unit ~3 CNY About 600 CNY 2, stainless steel About 700 CNY
filter, reusable (Cleaning requires (one time use only)
extensive sonication in hot TCB)
Requiring “Sample No Yes Yes

transferring &
redissolution steps”?

Chromatographic analysis is
performed directly without

Solution is manually filtered;
filtrate is collected in sample vial,

Solution automatically filtered,
collected in new sample vial.

transferring then placed in analytical Manually transfer vial to analytical
instrument instrument autosampler
Sample size Yes Not really. Sample solution No

adjustable? Filter assembly size can be volume <2 mL Sample solution concentration
selected based on sample 1-2 mg/mL, volume <20 mL
amount
Choice of filter Yes Yes One size
pore size Multi-layer 400-mesh filter 0.5, 1.0, 2.0, 5.0 um, suitable for Unknown details. Proprietary
sheet or other higher mesh collecting 2 mL of filtrate information of PolymerChAR
screens
Suitability for GPC/ Yes to all Only for GPC units Yes to all
CEF/CRYSTEX/ (Agilent Technologies).
CRYSTEX QC/TREF Insufficient filtrate per single

filtration. Possible with multiple
rounds of filtration

aPL-SP260VS and "EFS consumable pricing was supplied by the vendor of Agilent Technologies and Beijing Yiluda Electromechanical

Equipment Co., Ltd., (Polymer ChAR’s authorized China distributor) respectively.
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Table 7 Degree of cross-linking for the blends measured by in-situ filtering method and ASTM D2765-16.

Degree of crosslinking (%)

Sample XL-PE (mg) DMDAB007 (mg) XL-PE (mg) * Calculated from Experimentally measured

DMDA 8007 (mg) ]

mass balance ? with the in situ method

XL-PE 100.71 0 100.71 87.95 87.95+0.34
Blend#1 99.05 11.23 110.28 78.99 78.49+0.31
Blend#2 99.96 21.81 121.77 72.20 71.08+0.56
Blend#3 99.53 3991 139.44 62.78 62.89+0.00
Blend#4 50.25 29.35 79.60 55.52 54.05+0.43
Blend#5 51.38 41.10 92.48 48.86 48.17+0.00
XL-PE Degree of crosslinking=82.0% (measured by ASTM D2765-16)
Blend#6 XL-PE/DMDAS8007 blend (W/W, 80/20). Using ASTM D2765-16, the degree of crosslinking of three replicates

were measured as 80.9%, 66.7%, and 69.4%, respectively.

2The degree of crosslinking was calculated based on mass balance: mass of the crosslinked XL-PE x 87.95%/Total mass of the blend
(crosslinked XL-PE + uncrosslinked virgin DMDAS8007). Three replicates per sample were measured with the in-situ method.
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Fig. 6 Correlation between the degree of crosslinking calculated
from stoichiometry of blends and experimentally measured data
with the in-situ method.
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Fig. 7 Infrared signals from the filter assembly and polypropylene
sample (PP); Polypropylene sample MFR=3.3 (2.16 kg,
2/10 min).
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