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ABSTRACT Commercial synthetic resins with great amount of hydrogen atoms were investigated for neutron shielding aggregates.
Total three types of resins were considered in this study: high density polyethylene (HDPE), polypropylene (PP), and ultra molecular
weight polyethylene (UPE). When these resins replaced 20, 40, 60 vol% of fine aggregates, mechanical properties were first

evaluated including compressive and tensile strengths, and then image/microstructure analyses such as cross-section analysis, SEM,
and X-ray CT were performed. The results showed that the compressive and tensile strengths decreased with the increase of
replacement ratio of HDPE and PP, which was found through image analysis that it was closely related to the distribution of resins at

the failure surface of test specimens. The strength reduction of UPE was quite small compared to HDPE and PP but it abruptly
increased when the replacement level exceeded 60 vol%. The results of microstructure analyses indicated that the replacement level
significantly affected the amount of air void so that it is critical to determine the reasonable amount of UPE to make cementitous

materials for neutron shielding.
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Table 1 Experimental plan

Factor Type
W/C 0.485
- HDPE
. Synthetic resin | - PP
Mixture - UPE
Synthetic resin
contents(%) 0, 20, 40, 60
Fresh mortar | Slump Flow
- Tensile strength
) - Compressive strength
Experiment Hardened | cross section image
mortar
SEM
X-ray CT
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Table 2 Details of tested mortar mixtures

No. W/.C Cement| Water | Fine aggregate Syr?thetic
ratio | [g] | [g] [g] resin [g]
MOR |0.485| 3978.4 | 1929.5 9747.1 0
(fll{];)%) 0.485|3978.4 [ 1929.5 7797.7 97.9
(PII{I;‘I‘)%) 0.485/3978.4 |1929.5| 58483 195.8
(I}I{];?)%) 0.485|3978.4 [ 1929.5 3898.9 293.7
EPi’()) 0.485|3978.4 [ 1929.5 7797.7 97.9
I(DP?)()) 0.485|3978.4 [ 1929.5 5848.3 195.8
l()pg()) 0.485|3978.4 [ 1929.5 3898.9 293.7
(%-P;]g) 0.485|3978.4 [ 1929.5 7797.7 97.9
(3_1;1](3)) 0.485|3978.4 [ 1929.5 5848.3 195.8
(l[“lj_lfg) 0.485|3978.4 [ 1929.5 3898.9 293.7

Table 3 Chemical composition of OPC

Components(%)

Cement -
SIO2 Ale} MgO SO3 CaO

OPC 21.01 6.40 3.02 2.14 61.33

Table 4 Physical properties of aggregates

Density(20°C, g/cm?®)
Size saturated Absorption| Fineness
(mm) | surface-dry | VY| (%) | modulus(FM)
.. condition
condition
<10 2.559 1.09 2.62 2.59
g9 A
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Fig. 1 Particle shape of synthetic resins

Table 5 Physical properties of synthetic resins

HDPE PP UPE
Particle size (mm) 5 5 0.120

Weight-average Molecular

5 5 6
weight (g/mol) 3.5x10° | 3.5x10 5x10

Melting index (g/10min) 0.035 0.5 0.1
Density (g/cm’) 0.956 0.900 0.930
Yield stress (MPa) 31.4 36 17
Elongation at breaking (%)| >500 >100 >50
Flexural modulus (MPa) 77 1570 720
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Fig. 2 Slump flow of mixtures
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Fig. 3 Compressive strength depending on Synthetic resin
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Fig. 4 Tensile strength depending on Synthetic resin
contents
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Fig. 8 3D image on air void of MOR and UPE mortars
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