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Low adhesion effect of gallic acid solution and the role of phenolic hydroxyl groups
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Normal
s = Viwheet = Vrait % 100 (1) Nozzle Load
Viwneel Driving side Table 1 Friction test conditions.
A Wheel i
% L / V= I/ Al (¢3e§ nf,ﬂe:cF'ES” Rotation speed 495 min”!(Equivalent to 2.8 km/h)
T a MR (= . Test time 30 min
BT T E) 1%, Braking side Normal load 450 N (Equivalent to 1000 MPa)
R FEOHRIZON Rail specimen m Sli ratio Increase in steps from 0 % to 3.0 %
($30 mm: R300 mm) |} Vi P (Each slip ratio is held for 10 seconds)
THIFIL, T ORI : (ke jsheld ! nds)
. oM b > (CP analvsi Supplied solution | Distilled water with or without gallic acid
7RG A £ ” = ) ] __ ) ANaYSIS Supplied volume About 1 mL/min
nod Y. ARBRTH, Fig.1 Twin-disk rolling sliding Specimen Wheel (Driving side), Rail (Braking side)

NAETRTT X D k3515 frictional tester.
BOENEZFHOT 5720, AERPIZHIBEVMAOERFSEEZHIFE L, X0 EE2 0% 5 3.0%FE THERH (10 I &Ik
0.02 %DM ICAB b ST, FmaERT & BREN (Bl —E) 12, L— VakBR i & HlEh ] (Elfmd B 4 8 ke
WK TS 2) IR 7. Fiz, BEmIE, RBABGIGRE L, AVEERR T ERAWT, WA 1
mL/min D& CHRERBIMA DT £ CHERANCHE Lz, 58 LB miE, K218 T, BR2BO7 =) —it
EReX AR T5 3 EHO T =/ —VRAHERE, ZREKICRN - BERLTHELZLOTHD. s
L, BEEANTERIC, BRENEZEATRBRA O THICH T3 5. ZOWKREEILL, SEEFEHEE 77 X~ (ICP)

FEIAIEIIIT L0, WIEHOERAIEEE ¢ (ppm)ZE ST Lz, £72, X ), 3) & 0 HEEEEE k(mmP/m - N) & HH L7z,

cqt ) Table 2 Phenolic organic acids used in friction tests.
- ' (e} [¢]
1000-p . 5
e = 5 (3) OH OH
W'ffiiﬁit(%'vwheel'l‘)dt OH
- - VR B Additives for
I P A B digtilled water |HO HO
(mL/min), 7 : FBREF[H] (min), p : % HO
T 3 = . %ﬁ% HO HO
[ 7.85 (mg/mm?), L= 2mr : 35 Gallic acid 3,4-Dihydroxybenzoic acid | 4-Hydroxybenzoic acid
AR (m), ro BB (m), (GA, MW: 170.12) | (3,4-DA, MW: 154.12) | (4-HA, MW: 138.12)
W . faf E(N) Concentration,| 0.00059, 0.00294, 0.00065, 0.00324, 0.00072, 0.00362,
mol/L 0.00588 0.00649 0.00724
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0.8 Rotation Speed:495 min™ Gallic acid 0.00588 mol/L
0.7 HLoad:450 N, -~ 3,4-Dihydroxybenzonic acid 0.00649 mol/L|
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Slip ratio s, %
Fig.2 Relationship between slip ratio s and traction coefficient p for

each supply solution condition. The slip ratio s is continuously
changed during the test.
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Fig.3 Relationship between the concentration of
phenolic organic acids and the adhesion
coefficient. Error bars indicate the standard
deviation of the adhesion coefficient.
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Fig.4 Relationship between the concentration of

phenolic organic acids and specific wear

3,4-Dihydroxy'benzoic acid JV\ /‘*Iw

volume.

Gallic acid 0.00588 mol/L

0.00649 mollL )

o 1 L 1
4-Hydroxybenzoic acid
0.00724 mol/L

+
W
2000 |

Raman shift, cm™

Distilled water

Raman intensity, a.u.

N & e derA
N Seand W

y il ddibias

3000 1000

Fig.5 Raman analysis results for the friction surfaces
of each rail specimen after the test shown in
Fig. 2.
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