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Friction and Wear Behavior of Plasma Nitrided Steel under
Lubrication of Zinc Dialkyldithiophosphate
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Abstract: The hardness and chemical composition of plasma nitrided AISI 52100 steel surface were analyzed by means of
X —ray diffraction ( XRD) and hardness tester. Friction and wear behaviors of plasma nitrided AISI 52100 steel were
examined on a four — ball friction and wear tester under lubrication of poly — o — olefin using ZDDP as an additive. Anti —
wear and friction — reduction mechanisms were investigated using scanning electron microscopy ( SEM) and X - ray
photoelectron spectrometer (XPS). The results show that plasma nitriding can significantly improve the surface hardness of
steel. The nitrided steel exhibited lower friction coefficient and better anti — wear properties compared with that of the
untreated steel. It was attributed to that the amount of orthophosphates on the nitrided AISI 52100 steel surface was higher
than the amount of pyrophosphates on the AISI 52100 steel surface. The best tribological property can be obtained using
1.5% ZDDP.
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(a) Original substrate surface

(b) Nitrided surface

Fig. 1 SEM micrographs of the original substrate surface and nitrided surface
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Fig.2 X -ray diffraction pattern of nitrided surface
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Fig.3  The variation of friction coefficient with
concentration of ZDDP
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Table 1 Wear scar diameters with concentration of ZDDP

7DDP Wear scar diameter/ mm
concentration/ % Substrate surface  Nitrided surface
0.0 0.82 0.75
0.5 0.70 0.62
1.0 0.63 0.60
1.5 0.55 0.43
2.0 0.57 0.45
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(a) Substrate surface

(b) Nitrided surface

Fig.4 SEM micrographs of the worn steel surfaces lubricated by PAO
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(a) Substrate surface

(b) Nitrided surface

Fig.5 SEM micrographs of the worn steel surfaces lubricated by 1.5% ZDDP
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1M GCrl15 JEMf R S Al Zn TR & HE R T8
RUZF, B RJZFRME 0 JTLRE B WAKT GCrls
Fepp e, A GCrl5 Hebs i 18 BE 5 e th 4B

RUZ R A ) K A OV, i HL il F ZDDP |
B0 5 05T R AL TE RE, 2 %1 I A A LR AL BE
Zn (PO, ), S B P P B C R 2 LABL AL £
|75 w2

4 T GCrls HIERFIE HBKAE ZDDP i
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Table 2 EDS result of the tribofilms formed on wear scar lubricated by PAO and 1.5% ZDDP

Atomic percentage/ %

Lubricant
C (0] N Cr Fe P S Zn
PAO Substrate surface 35.62 8.76 - 1.28 54.00 - - -
Nitrided surface 7.91 8.26 6.04 1.24 76.55 - - -
PAO +1.5% Substrate surface - 5.67 1.57 1.69 87.63 1.60 0.97 0.86
ZDDP Nitrided surface 3.45 16.33 5.14 0.82 63.46 4.68 0.75 5.38
*3 1.5%ZDDP jHig &M TEMEAETEREN XPS 5747
Table 3 XPS result of tribofilms formed on wear scar lubricated with 1.5% ZDDP
. Atomic percentage/ %
Lubricant
C (0] N Fe P S Zn
PAO +1.5% Substrate surface 24.55 44.70 - 21.50 1.40 3.00 4.85
ZDDP Nitrided surface 28.50 40.84 1.75 21.22 3.48 1.51 2.71
*x4 1.5%ZDDPHi5 &4 TEHMEREMITELS SHERN XPS 5047
Table 4 Binding energies of tribofilms formed on wear scar lubricated with 1.5% ZDDP
Substrate surface Nitrided surface
Elements
BE /eV Compound BE/eV Compound
Fe 2p 709.5 FeO 709.5 FeO
710.4 Fe, 0, 710.4 Fe, 0,
712.4 FeS 712.4 FeS
N 1Is - - 397.8 Nitride
0 ls 530.2 Fe, 0, 530.2 Fe, 0,
531.6 NBO 531.5 NBO
533.2 BO
P2p 133.4 Phosphate 133.4 Phosphate
S2p 161.8 Sulfide 161.5 Sulfide
162.8 Sulfide 162.6 Sulfide
168.3 Sulfate
Zn 2p 1021.7 Zn0O 1021.7 Zn0
1022.4 phosphate glass 1022.4 phosphate glass

s A Bb

SUE BRI T E LR LS A AR XPS 047
MR 4 PRl UL, T 2 RS R, AL T 161. 8 eV
(1) S2p WEXT I A= BRAL Y, T ZnS FI FeS 145 H
REAR R I, RIHANAE S2p s Ff e A3 A1 X H1 T Ly
BIRPEAY A R TE 168.3 eV AbHY S2p U5
Xof of PR S B R R, T2 260 3% T A A 00 39 At R 2k 114 7
£, U] ZDDP 75 554 i BE S AR v s R AT R
R ZL A2 OB, FF T 23 e LR i 31— e 1)
UEE RN BT AE T, 5 Fuller BT 15 3] 1 45 R AHY)
AT 7n2p3 1 P2p 454 HE N 1 022.4 F1133.4 eV

=B

AL XoF 7 1 00 TR A B S A R 7, A B 4 R A
b A rp 3 S BB AE 5 T Fe2p W ALE 710. 4 AN
712.4 eV b3 %F RS2 Fe, 05 Fl1 FeS, 5B ZDDP
FEREE I R R AL S, o G P S R4 5 Fe
25 G FeS.
2.4 ZDDP {EH#IE

M3 AT LA H: GCrl5 AN ERFIE Ak 1
JEEA6E R AR S B AR B ZDDP v i A2 A th 42 1) 28 1k
FEHIEAHALR], 7T DAHERT T 2 MR 7R ZDDP i
THAG L /E FIHLEL. ZDDP (14 i I 2o #2 32 324y
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