
 

 

38

 
 

 
 /

 
2

4
 

 
8

9
 

          

    ) LIBS
1(  

  1  2  3  

1
              

2
             

3
  –          

mirkazemi@iust.ac.ir 

  

:                               

   .                                     

         .                            

                     .                

 LIBS                                

                                      

   .                              

                                 

 .                            .     

                            )       

   (                               

                                   

 .  

  

1-   

                               ) LIBS (  

                                        .

                         

   "  "      .                       

   "  "      .                           

""   .  

 LIBS                                          

                   .                       

                                                

                     .                       

           .                                 

2     .  1         ]1.[  

                                                           
1 Laser Induced-Breakdown Spectroscopy 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

39

 
 

 
 /

 
2

4
 

 
8

9
 

  
 1-        

                                           . 

               .  

                       .            

           .                                

           .                                

            .  

                                         

     ) Atomic Emission Spectroscopy (         

               ]2.[  

2-  LIBS  

       LIBS                         .    

                                                 

                            .           

LIBS   2    .  

  

 2-     LIBS  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

40

 
 

 
 /

 
2

4
 

 
8

9
 

2-1-   

        LIBS                       .  LIBS      

           .                          

                           .             

         ) S
/N (    ]1.[  

         Nd:YAG                                 

  .                      nm530    nm1064            7    

1286            ns10        1Gw.cm
-2             .    

      LIBS                                 . 

                                        

       ]1.[  

2-2-    

                   -     .                 

               .              LIBS         

            .  

                                 .

         nm1100 )     (  nm170)    (           

CCD
1         .                       .       

         LIBS                                

                                 .        

                .  

2-3-   

                  CCD                           

            ].1[  

LIBS                                        

                                                 

        K10000   K20000       .                      

               .                ablation           

 .                                     

                             .     

                                       

   .                       

 .                           

                            .         

    .  

            LIBS                    LIBS 

                                                           
1 CCD :             . 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

41

 
 

 
 /

 
2

4
 

 
8

9
 

   .                                

           .  

3-   LIBS  

    LIBS                .                        

          ) ablation (                 .         

                                              

               .                      

                   )   (                   .

                                           . 

                          ablation   

  . )3 (  LIBS    ]3.[  

  
 3-    LIBS  

3-1- Ablation  

                                      

                 .  

                                       

      .          Ablation   .  

                               

Ablation         -  .  

           : 

1-                               W/cm
210

6
   

    . 

                            ps1/0             

      .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

42

 
 

 
 /

 
2

4
 

 
8

9
 

                             .    )  

   (                     .               

             . 

2-             W/cm
210

9
                          

        ablation  .        : 

                                             

        .  

                           .                  

                       .                     

                    .                       

                     MPa10
5

  Atm10
6

  .         

   .               .      Ablation  .  

                                     

                ].3 [  )4 (        

     ablation        . 

 
 4-        Ablation 

3-2-  

                          .  

                    .            

w.cm
-210

10
         .     Q.Swiched, Nd:YAG    

ns15-10    .           ]4 .[  

          –                           

    .                                         

                                        )  

              (                            

   .                             

    )  (                   )  

 .(                                            

                              .          

   .                                  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

43

 
 

 
 /

 
2

4
 

 
8

9
 

   )N2  torr 100>p (    )-1µm (  ]5.[  

                                           

                                               

         .                          ns300      . 

                 .                    

       .                                  

                                             

                   .                         

       .          µs10            

                     .  

 5                 LIBS              .       

                  :            td=0/5      0     7 

             .       )  Ca (        

        . :                    )Al        

Ca (      Ca    . :    Al, Ca    

                    Ca            Al       

  .       Fe  Sr     ]5.[  

  
 5-    LIBS      

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

44

 
 

 
 /

 
2

4
 

 
8

9
 

4-         LIBS  

  :      .  

4-1-    

                    w.cm
-210

9
       .        

                                   

            .                     LIBS 

         .                          

                                              

     .                                 

         ]6.[ 

4-2-     

                              LIBS          . 

                                 

           .                         

      .                               

        .  

        ]7 [                                

              .                            

                                      

                    )                    (       

       .  

                          .              

    )             (                    

               .                 

             .  

                       .          

             ]6.[  

4-3-    

         Ar    N2  O2    He        LIBS       .     

                     )              (       .

              .              

              .  

          Ar               .    LIBS      

      Ar   .            Ar   .                

                       Ar             

  .               ]6.[  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

45

 
 

 
 /

 
2

4
 

 
8

9
 

5-      ) (   LIBS  

           LIBS              ICP-AES          

                               .            

                                        

                        .          )   

   (                                    

 .           )pre-heat (        .   

              .            

     .  

                Ablation          

    .  S/N         .  

                        .                  

        ) . 6 (  

                                             

 ) . 6 ] (2 8.[  

  
 6-  (   LIBS  (  LIBS  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

46

 
 

 
 /

 
2

4
 

 
8

9
 

6-     LIBS   ]13-9:[  

1-      

2-         

3-                

4-                     .                

      .  

5-                                        

    stand-off)     (       .  

6-                                        

 )  50 .(  

7-           

8-                .  

9-          

10-                                      

  .  

11-      LIBS     

12-                  .  

13-                 .  

14-                  .  

15-      )     (  

16-                                        

    .  

17-        ) 7( 

18-             

19-              

20-     (in-situe)    

21-       

22-          

23-        

7-   LIBS  

LIBS        .  

1-                              

            .  

2- LIBS              .  

3-     LIBS                         .  

         .  

4-       .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

47

 
 

 
 /

 
2

4
 

 
8

9
 

5-              )           

   (  

6-           

7-               .  

  
 7-         LIBS 

8-      LIBS  

1-    ) (    

2-      

               .                    

                         .            

                      .          LIBS    

                           .             

                                            

            .  

3-          

                                   

                                     .  

                            . LIBS        

        .  

4-             

                                    

                                .           

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

48

 
 

 
 /

 
2

4
 

 
8

9
 

                                            

             .  

5-       (Penetrometer LIBS)  

9-     

 LIBS                            .          

                        .                 

        . LIBS                              

                                      

                .   LIBS                

               .                       

                         .            

                                    

      .LIBS                     .    LIBS       

                                       

                   .     LIBS               

)       (                                        .

                                               

                            )   7 .(            

               .  

         LIBS                                 

                              .              

                .  

  

1. D. A. Cremers, L. J. Radziemski "Handbook of Laser- Induced Breakdown Spectroscopy" 
John Wiley & Sons Ltd, 2006. 

2. D. A. Cremers, L. J. RADZIEMSKI, T. R.LOREE "Spectrochemical Analysis Of Liquids 
Using The Laser Spark" APPLIED SPECTROSCOPY Vol. 38, No. 5, 1984. 

3. R. E. Russo "Laser Ablation" Applied spectroscopy, Vol. 49, No. 9, 1995. 
4. D. C. Smith, R. G. Meyerand "Laser radiation induced gas breakdown" in principles of laser 

plasma, Jhon wiley & sons, Newyork, 1976. 
5. A. W. Miziolek, V. Palleschi, I. Schechter “Laser-Induced Breakdown Spectroscopy (LIBS)" 

cambridge university press, 2006. 
6. C. H. Fang, J. Sun, J. P. Longtin "Time and space- resolved plasma absorbtion of a 

femtosecond laser pulse in dielectrics" proceeding of NHTC,01, 35th National Heat 
Transfer Conference, Anaheim, California, June 10-12, 2001. 

7. S. H. Tavassoli, A. Gragossian "Effect of sample temperature on laser-induced breakdown 
spectroscopy" Optics & Laser Technology, Volume 41, Issue 4, June 2009, Pages 481-485. 

8. R. Nyga, W. Neu, "Double-pulse Technique For Optical-emission Spectroscopy Of Ablation 
Plasmas Of Samples in Liquids" Optics Letters, Vol. 18, No. 9, 1993. 

9. T. Ctvrtnickova L. Cabalin, J. Laserna, V. Kanicky, G. Nicolas "Laser ablation of powdered 
samples and analysis by means of laser-induced breakdown spectroscopy" Applied 
Surface Science, Available online 20 August 2008. 

10. F. J. Fortes, L. M. Cabalín, J. J. Laserna "Laser-induced breakdown spectroscopy of solid 
aerosols produced by optical catapulting" Spectrochimica Acta Part B, Available online 
2009. 

11. J. D. Pedarnig, J. Heitz, T. Stehrer, B. Praher, R. Viskup, K. Siraj, A. Moser, A. Vlad, M. A. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html


 

 

49

 
 

 
 /

 
2

4
 

 
8

9
 

:  

        )  23(                         

   .              .  

  :                           

      

:  1  2  3  4  
1          2      3              
4         

 :        

:          

               

Bodea, D. Bäuerle, N. Hari Babu, D. A. Cardwell" Characterization of nano-composite oxide 
ceramics and monitoring of oxide thin film growth by laser- induced breakdown 
spectroscopy" Spectrochimica Acta Part B: Atomic Spectroscopy, Vol.63, No.10, October 
2008. 

12. S. Laville, M. Sabsabi, F. R. Doucet "Multi- elemental analysis of solidified mineral melt 
samples by Laser- Induced Breakdown Spectroscopy coupled with a linear multivariate 
calibration" Spectrochimica Acta Part B: Atomic Spectroscopy, Vol. 62, No.12, December 
2007. 

  

  

  

  

  

  

  

  

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
89

.6
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

2-
22

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.17353351.1389.6.4.2.2
http://jicers.ir/article-1-385-fa.html
http://www.tcpdf.org

