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Abstract — Currently, in order to resist the scratching of the fuel rod surface while fabricating the fuel assembly
of the light-water nuclear reactor, we use a solution of nitrocellulose, an explosive material, as a dry lubricant
along with its solvent. However, the demand for developing safe and harmless aqueous alternative materials for
environment-conservation and field-worker safety has increased. In this study, we demonstrate the preparation
of a novel aqueous resin composite using a formulation of aqueous polymeric resin, alcoholic solvent, and water.
Subsequently, we characterize this composite on the basis of hardness, adhesive property, and water solubility
using plates similar to the fuel rod material. The insertion test of a fuel rod coated with the YS-3 composite
shows load values of 18.8-20.5 kg/cm’, which is comparable with 18.0-20.5 kg/cm® of the nitrocellulose coating
agent. In addition, the depth and width of longitudinal scratches caused by the YS-3 composite test are 50%
higher than those of the standard. We can develop a harmless and safe aqueous dry lubricant to replace the exist-
ing NC products through field testing of 264 pieces of fuel rods, after producing 350 kg of the YS-3 prototype.
The scratch test for the rod surface showed that weight of chip of YS-3 prototype was smaller than that of NC
before and after solvent treatment, indicating the properties of YS-3 prototype was comparable to the counterpart.
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Fig. 1. Fuel rod insertion load test equipment.
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Fig. 2. Fuel rod assembly structure.
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Table 1. Classification of load for fuel assembly structure
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Table 2. Compositions of polymer resin and solvent for

p dry lubricants (unit : %)
No Classification of cell position Magnitude
of load Component A YS-1 YS-2 YS-3 YS-4
1 Outermost cornered cells Low load MAA 3.60 6.00 5.60 5.40 5.40
Cells in contact with outside spacer 2-HEMA 540 320 280 2.70 2.70
2 od Low load
" Other resi 0.90 0.90 0.90
3 Cells in contact with center rod High load er resin . T (St) (MMA) (AMPS)
guide tube Resin, sum 900 920 930  9.00  9.00
4 Cells around center rod guide tube ~ Low load IPA 63 277 240 28.0 278
5 Cells in contact m&: outer rod guide it joad  EtOH 500 500 500 500 50,0
Wat 347 131 16.7 13.1 13.1
6 Cells around outer rod guide tube Low load ater
Total 100 100 100 100 100
7 Outer cells Low load o
Table 3. Results of thickness determination
Sample NC YS-1 YS-2 YS-3 YS4
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Fig. 3. Photography of water wash-out performance
and tackiness for coating surface.
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Fig. 4. Insert position of fuel rod.
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Fig. 5. Graph of load test at high load position.
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Fig. 6. Graph of load test at low load position.
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Table 4. Analysis of nuclear fuel rod surface scratch
of relative depth and width for NC lubricant values

.. Relative Relative
Sample Load  Position depth width,
Al7 1.07 1.07
low
B16 1.01 1.03
YS-3
. Cl4 0.77 0.66
high
El14 0.92 0.81
Av. 0.92 0.88
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Table 5. Results of relative load and noise for NC
lubricant values of field demonstration test
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Table 6. YS-3 analyses results of nuclear fuel rod surface
scratch of relative depth and width for commercial
product thresholds

Cell No. Joad(max.) = noise(dB) N Relative scratch depth  Relative
No. Position Scartch
1 0.89 1.06 Upper Medium Lower . dth,
2 1.28 1.03 1 052 055 053 0I5
3 1.00 1.02 2 054 052 054 017
4 0.96 0.97 Ty M led T 0 050 013
5 1.04 0.99 4 047 044 043 014
6 1.32 1.01 5 047 044 050 016
7 0.96 1.03 6 047 046 048  0.14
8 1.00 1.02 7 052 051 051 017
9 0.95 1.01 8 049 046 048  0.14
10 0.96 1.04 Ty Lewlead T o4 049 015
11 1.00 1.05 10 051 049 052 0.17
12 1.00 1.00 T 049 047 050 0.3
13 0.91 0.99 12 052 051 054 0.1
14 1.14 0.99 Av. 050 048 050 0.5
15 0.95 1.00
16 0.82 1.00 Table 7. Determination of chip weight
17 0.97 1.04 Weight of chip(g)
Av. 1.00 1.01 Sample Before solvent After solvent
treatment treatment
NC 2.03 176
AE FHEA NC 884139 245 12 92 YS-3 1.24 1.19
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