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Abstract

As a chemical de-icing method, propylene glycol de-icing fluid is applicable for melting ice caused by snow and ice adhering
to the lower part of high-speed rail rolling stock and bogie parts in winter. By spraying propylene-glycol de-icing fluid on
high-speed rail rolling stock and bogie parts in advance to minimize snow adhesion, ice-melting efficiency can be further
improved. In the case of high-speed rail rolling stock, even if propylene-glycol de-icing fluid is sprayed, the anti-icing per-
formance is poor because the fluid is almost lost on the surface of the vehicle when operating at high speed. In this study,
in order to prevent freezing caused by snow and ice adhering to the lower part of high-speed rail rolling stock and bogie
parts, we have investigated the properties of propylene-glycol de/anti-icing fluid containing water-repellent agents that prevent
surface freezing. We tried to find the optimal component for de/anti-icing fluid for high-speed rail rolling stock by evaluating
the ice melting performance, contact angle, and anti-icing performance according to the types of water-repellent agent. As
a result of the evaluation, it was confirmed that an de/anti-icing fluid containing an ethoxysilane-type water repellent agent
was most suitable.
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o] A A &gt Aap A 9 FEGA T)e At EAlE 3 Aol AH-E HESY AT 28 EHS o &ato] o] Aol
A&A o7 A wet B de/antl -icing 7]RF 3| oid 4l o) Av d5Zo] F== A& Yhe anti-icing 7154 Wl Oigk
< 7]%o] dasitt o)9} B HAES A fld HEed7] T7F sl 218 Folrh15-17].
HollMe AAH o2 Apdnabg=] Lﬂ# A 23, 19e] AT 2} eba 2 Aol AEAA Al - S BF S 5 Qe 38
F AN &9 9 fART BHelAY SR gAS FHste A A - oBcJ N LS QA VN E2ATE Y RS T 2w
&ata AN &8Ae]l Hoxivhs5-7]. Al AR TR, A=2FL 7|9 defanti-icing fluidol] w3l 61 A, H57 9l Y
ITX-AkE, ITX-FE, 7338 5) 54 % 249 Al AAde A gl ﬂ%?f HII 7 AAEISieh & d7e @A A3 AJAEe]
FZ1A U A=l &gk Aol ojFskar 1Al IEAFHKTX-1, KTX- A%k Al - e el glol Y1z ARR 288+ Jith
A, SR, T, 7 )9 B olsA EF71E ARk A
T AR e v AlRre] 4] 2 dE oluA] g8o] HolA 2. Al ==
m 5710 g3l AAF oz Qo] HulshA Z st EANE
o] AUTh89]. whA o5 tAE = e ;51 Al skt A - 2.1, HE H Al
715 o] Fa s Aolth4,10]. ol AFtelA] thefst A = Ao A 2 AU =2]F(propylene glycol, PG) A1 Junsei
Aol izl 845 B7He E8l A "L-Eﬂ:*’ﬂ Ashet Z2 A= Chemical Co., Ltd.(Japan)oll] —Fullelior, ZzAAZ2E 70
= EF] Q] AR A AAYEFATH11-14]. AP A % olm] ZAx¥ A Wt%(-67.7 °C) 8N A Zato] ARE3ITE Sl AV AEE 10
=o7] Q8 sz AoE AW 9Vt 45 das wole Al uS/em °lat FHFE AHESITE WEAIE Table 13 o] thekgh
7F EE oA HER AYas ps é¢z}a¥°ﬂ ulg] AE s} AEE TUBFA A, Table 28} o] ZEIdAl=2]E 589 0, 0.5,
L] F2 Haskehd s 285 o w9 < 3ok shAR a5A 1.0, 1.5, 2.0 wt% Fa=z Hriste] F7ke Ak
L9 g AYNE Aol 1&o7 23 A tfx} oA A
o] 247 wite] =9 F2E WA 5 Jlo] anti-icing (FH) 4 22, SXE U}
s "ok &A1 WS ASkE slidsk] flal U e e tig U5 BrRs ARAARE B AR
Table 1. Water-Repellent Agent Type
Water-repellent agent Maker Type
HEXAFOR 6380P (6380P) GCC Meta-acrylic Fluorinated polymer
HYDROSIN NF-01 (NF-01) GCC Fat-modified paraffin
Q3-9030 (9030) DOW Fluoro-ethoxysilane
OFS-6011 (6011) DOW Amino-ethoxysilane

Table 2. Sample Designation, Composition, Kinematic Viscosity, Ice Melting Performance and Contact Angle of PG Based De/anti-icing Fluid

Sample Composition (wt%) Kinematic Amount of Contact Angle (°)
designation Viscosity ice melted
(No.) PG Water  6380P  NF-01 9030 6011 Total (cSt, 60 °C) (2) Ist 2nd
1 70.0 30.0 0.0 0.0 0.0 0.0 100 2.99 10.9478 15.4 25.6
2 69.5 30.0 0.5 100 297 10.9322 15.4 25.4
3 69.0 30.0 1.0 100 2.93 10.9166 15.4 25.5
4 68.5 30.0 1.5 100 2.88 10.9005 15.5 25.6
5 68.0 30.0 2.0 100 2.83 10.8853 15.5 25.6
6 69.5 30.0 0.5 100 2.95 10.9325 15.4 25.5
7 69.0 30.0 1.0 100 2.87 10.9164 15.4 25.6
8 68.5 30.0 1.5 100 2.80 10.8998 15.4 25.6
9 68.0 30.0 2.0 100 2.72 10.8851 15.5 25.6
10 69.5 30.0 0.5 100 2.96 10.9318 15.3 96.4
11 69.0 30.0 1.0 100 291 10.9163 15.4 103.1
12 68.5 30.0 1.5 100 2.87 10.9013 15.5 103.3
13 68.0 30.0 2.0 100 2.82 10.8861 15.5 103.4
14 69.5 30.0 0.5 100 2.95 10.9324 15.4 86.7
15 69.0 30.0 1.0 100 2.90 10.9157 15.4 924
16 68.5 30.0 1.5 100 2.85 10.9002 15.4 92.5
17 68.0 30.0 2.0 100 2.78 10.8858 15.5 92.5
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Figure 1. Kinematic viscosity equipment image of (a) test tube (b) oil
bath.
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Figure 2. Ice melting capacity test equipment images of (a) test tray
and (b) low-temperature test chamber.
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Figure 3. Water spray endurance test (WSET) equipment images of (a) nozzle, (b) test 11'ay, (c) internal structure and (d) low-temperature test
chamber.
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Table 3. Test Condition of WSET
Test Water spray Test
Condition Bath, Test Plate Temp. Angle intensity time
WSET -10~-5 °C 80.0 + 0.2° 2.0 g/dm*h 120 min
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Figure 4. Effect of silane type water-repellent content on 2nd contact
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Figure 5. Effect of de/anti-icing fluid containing ethoxysilane type water-repellent on WSET.
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