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Effect of Substrate Material on LIBS Detection of Metallic Elements in Lubricating Oil
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( Shenyang Ligong University , Shenyang 110159, China)

Abstract: The variation in the content and composition of metal elements in lubricating oil can re-
flect the service state of the engine. By comparing the laser-induced breakdown spectroscopy
(LIBS) characteristics of Ba Il 455.4 nm under the enhancement of four substrates( Al,Ni, Zn,
Cu) ,the excitation effect of different substrates is evaluated. In addition, the relationship between
the excitation effect of the metal element Ba and the physical features of substrates elements is built
by multiple linear regression model. The result shows that the first ionization energy , the latent heat
of vaporization,and the thermal conductivity have relatively little influence on the excitation of the
metal element in lubricating oil and are positively correlated. And the relative atomic mass, the a-
tomic number,the latent heat of fusion and the density have great influence on the excitation of the
metal element in lubricating oil and are negatively correlated. This result provides a scientific basis
for the selection of substrate materials in LIBS detection of metallic elements in lubricating oil ,and
a feasible scheme for improving the accuracy and detection limit of metal elements detection , which
is of great significance to engine fault detection.

Key words: laser-induced breakdown spectroscopy ; lubricating oil ; substrate ; multiple linear regres-

sion

A EHEA. 2024 -03 -08
EEWA . U THYE TS ERIEARIH (LIKZ0262)
EERIAY . BEHE (1999—) , &, BBk 20 Ak (1981—) Gl fEEE 5B Rz,



%1

R s 5 R MR AT b A B L& LIBS ¥l 69 %k 79

R SNHLR TR A B0 WE, H PR 1 2 A LR
Bashny 48 R, 78S TH g &4k —
FRN W) BRAR 2 R, w S R, i % sh ML R
B, g Ll A EL s O A, —
T AE ST P BEE IR R 2 (U FeCrBSi \NiCrBSi 45)
BCAETE I S A AR IR (40 Ca, Ba | BE A R R
) KRR, IR A . R SHLETT
TERE BT I JURE R A4 27 8 = A ) R M 4
B A Y ALY IR ANLI T B 2
AR UTTE S5 RN B A, AL b i) 322 R4y
KA, o Ba T3 2 W05 oy
BLICRZ — 6K SHL P & il A = BT ) ) IR B
T, Ba JTTEPCA WA IHAESL TR, L F A
FE(%, 4 Ba J0Z & il (IKAS, Il RE & 32
FFZ I, T AR 3R Sh AL BRI, 3h 1k s
PR X i 9 v o 4 DT 2R S AR AR A B T DA
¥ K shHLAE FRR O RIHLI P BE | 38k o il & A

S o AT I S H ORI T Z AW Y H O
HEH BT EER Y kA R T Ot 3
(FAAS) | Jie % 8 f % J7 F & 51 % 1% 75 ( RDE2-
AES) JRT 76 ti% s (AFS) ™ X £k ue et
T AR WL IERE ¥ (UV2-ViS) [T
FL B & 5 B RS L (ICP-MS ) 7 45 i ot
R G R R (LIBS) HA A& R A7 4
IS SN walll e L (SN DS« 03 = Al B YN
e, HIGT B 2= Mk i BiAb B 32 -l T4 8 ot
FHAEE B TR S Eart

WA E FHI LIBS #0075 A BRI &
ek AR B ATE S R T T i
B ELAS 5 5 1 AR, T b B 7 I AR A R
Zeni O BT T — RGO R A, X T P Y
Cu JLE AT T 437, Bol shakov %5 ¥ i
WEAL T H T 2R &R T R IR, KA T
AR At BR D RS e R R, (H S50 B A
AR BRIE R T R 4 e ot
S TRI 8 iy B, A5 28] T 84 A AR, $2 m T
B, Ag i Ni =B 43 J& o0 3= 1 B (A
DU BR43 31 A i 40K 3 A A 1 R A —2F i 5 R B
B TRAA B R I R, T — R AR G A i, WS,
Xiu %5 R HZ O XL P AR 4 B e R R I
THESE A3 B T AS TR 9K S st ] ] B R EL AL CN HE
JORT C2 HEBC AR R AR 8 CN/C2 1 LB AE K
IH & shiLil i BE A2 Wi & sh AR BL A P84T

ASCX G Al Zn  Cu  Ni PO F 43 & 5 IS ] 42
LEOT VR0 4R T E Ba MOGTERRAE, 45

2 AR ] AR RS | 4 380 %ok 1 ol P Jm T R
AR RORA B ESE A (  BARE SR, ZE T A
[7i) 2 PG P9 P SRR PR T 10 3 v 4 SR T IR UK BSCR
ARSI X S AR E AT 1B 95, S 2R Sl AL B4 A5 R
DURTE R DL W PR A 2 T AR AR B X o
IR T v A DN AT R RS

1 SEIGERS

1.1 KIE&E

LIBS %% & /x5 B UL E 1, Hot e iR H
Nd: YAG ¥ Ot 28 (A9 5 Nimma-900, Beamtech
Optronic 23 7)), #i i 4 1 064 nm Jik 5 8 ns  H
SR Hz I Bk op #OE B ST 7E 1 064 nm 42 ) 5%
e AR AR 90° , il A S BE (FERE £ N
100 mm) BAEFERE R N2 2 mm Ab, IR IE
FE A TEFE S A AT B T 7840 pe i, el AR A e it
BB FRER ST 0UMF SO OR A R A SRR 1%
B EDETEA O 2R %5 B4 1 800 mm ™', Bl
SR-750-A-R, Andor 23 F] ) #4743, P H 38 5k L
T4l &% (ICCD) (%15 Istar DH3, Andor 23 7] ) ¥
KRG 5 7 Ak R (5 5 A5 i 20T TS L, A5 3
HICE MG,

TE DUFPAS ) 4 Jam 5606 %) 85 B X e i 9ol v 1)
4 JEICE Ba 1l 455.4 nm SEATKEIN 45 5L 1S 5%
290 ANk, R TIRBEARGH  — BBk R
2 P EGE AL S A R TR IH AR, NIRRT
UK B B i 28 5 1 A RE i, Sk S A i v Ba JT
B A AN S 25 5 3 B, 90 ANtk R AR
HARALE

=

Nd: YAGRE/A#OER

E1 LIBS#ETEHE
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Fig.2 Diagram of indirect ablation process
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Fig.4 The intensities of Ba Il 455.4 nm varies with the

number of pulses under different substrates

K1 AEEKHET Ba 1 455.4 nm B RSD
Table 1 The RSD of Ba Il 455.4 nm with different
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Fig.5 Variation of net signal intensity and signal-to-background ratio with acquisition delay
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Table 2 Physical characteristic parameters of four metal elements

JEME YIHSH Al Zn Ni Cu
X JE T PR 13 30 28 29
X A JEF T i 26.98 65.39 58. 69 63.55
X3 T2/ A 1.82 1.53 1.62 1.57
Xy /T 660. 25 419.73 1453 1084.6
Xs /T 2 467 907 2732 2 567
X6 (300 K)/(g-em ™) 2.702 7.13 8.9 8.96
X, A/ (J-g 7K 0.9 0.39 0. 44 0.38
X MEH/(W-m K ") 235 116 91 400
X B/ (KT -mol ') 293.4 115.3 370.4 300. 3
Xio ALY (KT -mol =) 10.79 7.322 17. 47 13. 05
Xy H—HERE/ (K mol ") 577. 54 906. 4 737. 14 745. 48
X B HEHE/ (KJ-mol 7') 1 816. 68 1 733.30 1753.03 1957.92
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