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 This  objective  of  this  study  was  to  investigate  the  effect  of  nitrogen  in  argon  as  

a  shielding  gas  on  delta-ferrite  content in  TIG-pulse weldments  of  the  AISI  304 L  

austenitic  stainless  steel  plate  with  4-mm  thickness.  The  weld  bead  profile  was  inspected 

corresponding  to  the  DIN  8563 .  The  welding parameters  were  130  A  of  pulse  current,  

70  A  of  base  current,  2  pulse/sec  of  frequency,  14  of  voltage,  3.4  mm/s  of  welding  

speed,  45%  of  % ontime,  16 l/min  of  shielding gas  flow  rate,  and  8  l/min  of  backing  gas 

flow  rate.  Adding  nitrogen  in  argon  as  a  shielding  gas  were  zero  to  10,  15,  20,  25,  30,  

35,  40  and  100  percent  by  volume. 

 The  experimental  results  showed  that  adding  nitrogen  in  argon  as  a  shielding  gas  

between  0-9  percent  by  volume,  weldment  defects  such  as  visible  pore,  visible  slag  

inclusion  and  spatter  were  not  found.  Welding  with  argon  as  a  shielding  gas  100  percent  

by  volume  resulted  that  weld  microstructure composed  of  delta-ferrite  14.39  percent  by  

volume.  But  welding  with  argon  as  a  shielding  gas  with  nitrogen  9  percent  by  volume  

resulted  that  weld  microstructure  composed  of  delta-ferrite  4.09  percent  by  volume.  
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microstructure  composed  of  austenite  100  percent  by  volume  in  fusion  zone  area.  When  

nitrogen  in  weldments  increased,  the  amount of  delta-ferrite  decreased.  However,  surface  

hardness  of  weldments  increased.
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0.010 0.422 1.40 0.044 0.012 18.37 0.215 8.28 0.36 0.071 0.044
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 304 L
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19.22 10.60 1.81 7.98
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3.5.1

( )

0-10,15,20,25,30,35,40  100

3.5.2

 130  

 70  

 2 - 3  

  2

  2.4   60

  99.995

 16  

 8  

 Torch 
  Orifice  11
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 Torch  75  

 2  

 3.4  
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40
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  304 L

4.1  304L 

304L   3   3.4

  16    8  

 (Lack  of  fusion)   (Arc  

Wandering)   100  

130   70    2    14  

  3.4    %ontime 45    16  

  8    Visible  pores,  

Visible  slag  inclusions   Spatter    DIN  8563   2  

 %ontime  45

  2    3.4

  % ontime 45

  30  35  40   100
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%N2
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time

1 0 130 70 2 14 3.4 45   

2 1 131 80 2 14 3.4 45   

3 2 130 80 2 14 3.4 45   

4 3 130 80 2 14 3.4 45   

5 4 130 80 2 14 3.4 45   

6 5 127 83 2 14 3.4 45   

7 6 132 80 2 14 3.4 45   

8 7 132 80 2 14 3.4 45   

9 8 132 77 2 14 3.4 45   

10 9 130 77 2 14 3.4 45   

11 10 130 78 2 14 3.4 45   

12 15 130 78 2 14 3.4 45   

13 20 140 70 2 14 3.4 45   

14 25 130 80 2 15 3.4 45   

15 30 125 85 2 15 3.4 45 

16 35 125 83 2 18 3.4 45 

17 40 125 80 2 18 3.4 45 

18 100 118 70 2 18 3.4 45 42
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et al.  316L
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( )

1 0
 defect 

2 1
 defect 

3 2
 defect 

4 3  defect 

5 4  defect 

6 5  defect 
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 4.2( )  304L  DIN 8563

( )

7 6  defect 

8 7  defect 

9 8  defect 

10 9  defect 
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 4.3  304L  DIN 8563 

( )

1 10

 Visible Pore 

 1.5 

2 15
 Visible Slag 

Inclusion

3 20

Visible Pore 

 3 

Visible Slag 

Inclusion

4 25
 Visible Slag 

Inclusion

Visible pore  slag

 slag 

Visible pore

 slag
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 4.3 ( )  304L  DIN 8563 

( )

5 30
 Visible Slag 

Inclusion

6 35

 Visible Slag 

Inclusion

 Spatter 

7 40

 Visible Slag 

Inclusion

 Spatter 

8 100
 Visible Slag 

Inclusion

 slag 

 slag 

 slag 

Spatter

Spatter

 slag 
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 4.4  (Fusion  Zone) 

(  200 )
( ) ( )

inclusion

1 0 14.39 

2 1 11.70 
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48



 4.4( )  (Fusion  Zone) 

(  200 )
(

) ( )

inclusion

3 2 8.70 

4 3 7.48 

49

49



 4.4( )  (Fusion  Zone) 

(  200 )
(

) ( )

inclusion

5 4 7.80 

6 5 6.42 

50

50



 4.4( )  (Fusion  Zone) 

(  200 )
(

) ( )

inclusion

7 6 5.86 

8 7 7.58 

51

51



 4.4( )  (Fusion  Zone) 

(  500 )
(

) ( )

inclusion

9 8 4.99 

10 9 4.09 
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 4.4( )  (Fusion  Zone) 

(  500  200 )
(

) ( )

inclusion

11 10 4.13 

12 15 8.71 
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 4.4( )  (Fusion  Zone) 

(  200 )
(

) ( )

inclusion

13 20 7.59 

14 25 12.52 
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 4.4( )  (Fusion  Zone) 

(  200 )
(

) ( )

inclusion

15 30 13.14 

16 35 13.19 
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 4.4( )  (Fusion  Zone) 

(  200 )
(

) ( )

inclusion

17 40 12.56 

18 100 0  - 
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4.2   304L 

  5   10

  304L  

  0-10,  15,  20,  25,  30,  35,  40    100  

  DIN  8563

  2  (Fusion Zone)  

 (Heat Affected Zone : HAZ)    Quantitative  Metallography 

.

4.2.1  (Fusion  Zone) 

  0   10  

 (Vermicular  

Ferrite)   15,  20,  25,  30,  35,  40  

(Lathy  Ferrite)   4.4

( )

  304L

  100   14.39

  1  

  11.70

  2  

  8.70
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  3  

  7.48

  inclusion   4  

  7.80

  inclusion

  5

  6.42

  inclusion

  6

  5.86

inclusion   7  

  7.58

  inclusion

  8  

  4.99

  inclusion  

  9

  4.09

  DIN  8563  

  inclusion

  10

  DIN  8563    4.13  

  inclusion  
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  15    8.71  

  inclusion  

  20   7.59  

  inclusion  

25   12.52  

  inclusion    30  

  13.14  

  inclusion   35

  13.19  

inclusion   40  

  12.56  

  inclusion  

  100

 inclusion

  0    9

DIN  8563  4.1  

  Fusion  Zone  

.

03.1292.0 XY : 80.02R

Y  (Vol.%) 

X  (Vol.%)
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  10,  15,  20,  25,  30,  35    40 

  DIN  8563  4.2

  Fusion Zone  

16.328.0 XY : 76.02R

Y  (Vol.%) 

X  (Vol.%) 

y = -0.92x + 12.03
R2 = 0.80

0

2

4
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10
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14

16
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(V
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 4.1   Fusion  Zone  

  DIN  8563 
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y = 0.28x + 3.16
R2 = 0.76

0

2

4

6

8

10

12

14

16

0 5 10 15 20 25 30 35 40 45

(Vol.%)

(V
ol

.%
)

 4.2   Fusion  Zone  

  DIN  8563 

 (Fusion  Zone)    DIN  

8563

  (Austenite stabilizer)  

 (Fusion  Zone)    DIN

8563

 defect   Visible

slag  inclusion   Spatter  

  slag  

  slag  
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4.2.2   (Heat Affected Zone : HAZ) 

  100

  12.02

  inclusion

  1    13.69

  inclusion   2  

  14.16

  inclusion   3  

  14.38

inclusion   4  

  14.34

  inclusion

  5    15.28  

 inclusion   6  

  16.16

  inclusion   7  

  16.09

  inclusion

  8

  18.88

 inclusion

  9    16.78
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  inclusion

  0   9

  DIN  8563

  12.02   18.88

 4.5 

  10   DIN  8563  

  10

  12.26

  inclusion

  15   12.47

  inclusion   20  

  10.45

  inclusion

  25   10.29  

  inclusion   30  

  14.24

inclusion   35

  11.76

  inclusion

  40   12.52  

  inclusion

  100   2.54

  inclusion
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  0    9  

DIN  8563   4.3

  Fusion Zone

58.1258.0 XY : 84.02R

Y  (Vol.%) 

X  (Vol.%) 

  10,  15,  20,  25,  30,  35    40

  DIN  8563  4.4

  Fusion  Zone  

44.1102.0 XY : 03.02R

Y  (Vol.%) 

X  (Vol.%) 

  R2
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y = 0.58x + 12.58
R2 = 0.84

0
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4

6

8

10

12

14

16

18

20

0 1 2 3 4 5 6 7 8 9 10
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(V
ol
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 4.3   HAZ

  DIN  8563 

y = 0.02x + 11.44
R2 = 0.03
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2
4
6
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14
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(Vol.%)

(V
ol

.%
)

 4.4   HAZ

 DIN 8563 
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 4.5  (Heat  Affected  Zone  :  HAZ) 

(  200 )
( ) ( )

 inclusion 

1 0 12.02 

2 1 13.69 
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 4.5( )   (Heat  Affected  Zone  :  HAZ) 

(  200 )
( ) ( )

inclusion

3 2 14.16 

4 3 14.38 

67

67



 4.5( )   (Heat  Affected  Zone  :  HAZ) 

(  200 )
( ) ( )

inclusion

5 4 14.34 

6 5 15.28 

68

68



 4.5( )   (Heat  Affected  Zone  :  HAZ) 

(  200 100 )
( ) ( )

inclusion

7 6 16.16 

8 7 16.09 

69

69



 4.5( )   (Heat  Affected  Zone  :  HAZ) 

(  200 )
( ) ( )

inclusion

9 8 18.88 

10 9 16.78 
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70



 4.5( )   (Heat  Affected  Zone  :  HAZ) 

(  200 100 )
( ) ( )

inclusion

11 10 12.26 

12 15 12.47 
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71



 4.5( )   (Heat  Affected  Zone  :  HAZ) 

(  200 )
( ) ( )

inclusion

13 20 10.45 

14 25 10.29 
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 4.5( )   (Heat  Affected  Zone  :  HAZ) 

(  200 )
( ) ( )

inclusion

15 30 14.24 

16 35 11.76 
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 4.5( )   (Heat  Affected  Zone  :  HAZ) 

(  100 200 )
( ) ( )

inclusion

17 40 12.52 

18 100 2.54 
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 (HAZ)   DIN  8563

 (Heat input)

(   Thermal  Conductivity   64.7

45.9)

Metallurgy  of  welding

 (Hot  Crack) 

 (HAZ)    DIN  8563  

  Slag  

  Fusion  Zone   HAZ  

  4   Fusion  Zone   HAZ

  0,  25,  35    40 4.5

  Fusion  Zone    HAZ  

  Fusion  Zone

  Fusion Zone    HAZ  

  25,  35  40 

  Fusion  Zone    HAZ  

2.43,  1.43   0.04 
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0
2
4
6
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10

12
14
16
18
20

0 1 2 3 4 5 6 7 8 9 10 15 20 25 30 35 40 100

(Vol.%)

(V
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.%
)

Fusion Zone HAZ

 4.5   Fusion  Zone   HAZ 

4.3

  304 L .

  0,  1,  2,  3,  4,  5,  6,  7,  8    9  

 4.6  4.6

05.00033.0 XY : 81.02R

 Y   (Wt.%) 

 X   (Vol.%) 

  10,  15,  20,  25,  30,  

35   40  4.7  4.7 
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07.00009.0 XY : 21.02R

 Y  (Wt.%) 

 X  (Vol.%) 

 4.6 (Wt.%)  

  DIN  8563

(Vol.%) (Wt.%) (Vol.%) (Wt.%)

 0.044 5 0.076 

0 0.051 6 0.071 

1 0.052 7 0.066 

2 0.053 8 0.082 

3 0.065 9 0.078 

4 0.067     

y = 0.0033x + 0.05
R2 = 0.81

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0.070

0.080

0.090

0 1 2 3 4 5 6 7 8 9 10

(Vol.%)

(W
t.%

)

 4.6 (Vol.%)

(Wt.%)   DIN  8563 
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 4.7 (Wt.%)

  DIN  8563

(Vol.%) (Wt.%) (Vol.%) (Wt.%)

10 0.085 30 0.09 

15 0.065 35 0.081 

20 0.081 40 0.111 

25 0.125 100 0.175 

y = 0.0009x + 0.07
R2 = 0.21

0.000
0.020
0.040
0.060
0.080
0.100
0.120
0.140

0 5 10 15 20 25 30 35 40 45

(Vol.%)

(W
t.%

)

 4.7 (Vol.%)

(Wt.%)   DIN  8563 

(Wt.%)   DIN  8563

  OGAWA et al.

78



 (Interstitial  solid  solution)

 (Wt.%)   DIN  8563

  Slag  

  (

0.044   0.051  

)

 4.8

4.4

  304L

  0,  1,  2,  3,  4,  5,  6,  7,  8    9   4.8

 4.8

35.2482.248 XY : 80.02R

 Y   (Vol.%) 

 X   (Wt.%) 

  10,  15,  20,  25,  30,  

35   40  4.9  4.9 
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08.0376.78 XY : 21.02R

 Y   (Vol.%) 

 X   (Wt.%) 

  R2

 4.8   (Wt.%)   (Vol.%)  

  DIN  8563

(Vol.%) (Wt.%) (Vol.%)

 0.044 - 

0 0.051 14.39 

1 0.052 11.70 

2 0.053 8.70 

3 0.065 7.48 

4 0.067 7.80 

5 0.076 6.42 

6 0.071 5.86 

7 0.066 7.58 

8 0.082 4.99 

9 0.078 4.09 
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y = -248.82x + 24.35
R2 = 0.80

0
2
4
6
8

10
12
14
16

0.04 0.05 0.06 0.07 0.08 0.09

(Wt.%)

(V
ol

.%
)

 4.8  (Wt.%)

 (Vol.%)   DIN  8563 

 4.9  (Wt.%)  (Vol.%)

  DIN  8563

(Vol.%) (Wt.%) (Vol.%)

10 0.085 4.13 

15 0.065 8.71 

20 0.081 7.59 

25 0.125 12.52 

30 0.090 13.14 

35 0.081 13.19 

40 0.111 12.56 

100 0.175 0.00 
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y = 78.76x + 3.08
R2 = 0.21

0
2
4
6
8

10
12
14

0.04 0.06 0.08 0.1 0.12 0.14

(Wt.%)

(V
ol

.%
)

C

 4.9  (Wt.%)

 (Vol.%)   DIN  8563 

 (Wt.%)

 (Vol.%)   DIN  8563

 defect 

 (Wt.%)

 (Vol.%)   DIN  8563

  Slag  

4.5

  100

Hardness  Rockwell  Scale  D (HRD.)   27.33  HRD. 
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  304L

  0,  1,  2,  3,  4,  5,  6,  7,  8    9  4.9 

4.9

30.2720.0 XY : 59.02R

 Y   (Vol.%) 

 X  (HRD.) 

 4.10  (Vol.%)  (HRD.)

  DIN  8563

Center line (HRD.) 

3 .

Center line (HRD.) 

3 .

Center line (HRD.) 

(Vol.%)
1 2 3 1 2 3 1 2 3

0 26 26 27 27 29.5 29 28 29.5 29 27.89

1 26.5 27 27 27 28.5 28.5 28.5 28 28 27.67

2 26.5 26 27 26.5 27 28 26.5 24 28.5 26.67

3 26 26.5 27 28 28.5 28 28.5 28 28.5 27.67

4 28 27 27 28 28.5 27.5 29 28 29 28.00

5 27 29 28.5 28 29 29 29 29.5 29.5 28.72

6 28 27 29.5 28 29.5 29 28.5 29 29.5 28.67

7 29.5 28.5 28.5 27.5 28.5 28 28.5 29.5 28 28.50

8 30 28.5 30.5 28 30 28.5 29.5 30.5 30 29.50

9 29 30 29.5 29 28.5 28 27 28 29 28.67
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y = 0.20x + 27.30
R2 = 0.59

26.50

27.00

27.50

28.00

28.50

29.00

29.50

30.00

0 2 4 6 8 10

(Vol.%)

(H
R

D.
)

 4.10  (Vol.%)

 (HRD.)   DIN  8563 

  10,  15,  20,  25,  30,  35    40

  304L  4.11  4.11

14.2802.0 XY : 36.02R

 Y    (Vol.%) 

 X   (HRD.) 
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 4.11  (Vol.%)  (HRD.)  

  DIN  8563

Center line (HRD.) 

3 .

Center line (HRD.) 

3 .

Center line (HRD.) 

(Vol.%) 1 2 3 1 2 3 1 2 3

10 29.5 26.5 29 29 29.5 29 27 28 28 28.39

15 28.5 26 28 28 27.5 27 30 28.5 26 27.72

20 25 29 28.5 25 28 26.5 27 27.5 28 27.17

25 28 28.5 25 28 27.5 27 27 28 29 27.56

30 29 27 26.5 27 27.5 27 27 29 25.5 27.28

35 25 27.5 27.5 27 28 27.5 27.5 29 28 27.44

40 26 25.5 26.5 27.5 27 27.5 29 29 29.5 27.50

100 34 29 34 27 29 29 29 30 29 30.00

y = -0.02x + 28.14
R2 = 0.36

27.00

27.20

27.40

27.60

27.80

28.00

28.20

28.40

28.60

0 5 10 15 20 25 30 35 40 45

(Vol.%)

(H
RD

.)

 4.11  (Vol.%)

 (HRD.)   DIN  8563 
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  304L   DIN  8563  

  DIN  8563  

 (Interstitial  solid  solution)  

  (   4  

  0.12    0.14  

  0.15    0.16  )

(Slip plane)  

  Solid  solution  hardening  

  Tseng,  Chou  

  0 – 15%   304   310

  180  Hv   230  Hv   304   167

Hv   210  Hv   310 

 Fusion  Zone   HAZ

  DIN  8563

  4.12

  DIN  8563   4.13 
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  4.12   DIN  8563 

2R  Y  X 

Fusion Zone 
03.1292.0 XY 80.0

1.  Y.C. Lin 

P.Y.Chen

2.  Hoffmeister et al. 

3.  Hertzman 

HAZ
58.1258.0 XY 84.0

1.  Y.C. Lin 

P.Y.Chen

2.  Tseng  Chou 

05.00033.0 XY 81.0

1.  Y.C. Lin 

P.Y.Chen

2.  Tseng  Chou 

3.  KIKUCHI 

35.2482.248 XY 80.0
1.  KIKUCHI 

2.  Hoffmeister et al. 

30.2720.0 XY 59.0
 Solid  solution

Hardening
 Tseng  Chou 
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  4.13   DIN  8563 

2R  Y  X 

Fusion Zone 
16.328.0 XY 76.0  Hertzman 

HAZ
44.1102.0 XY 03.0  Hertzman 

07.00009.0 XY 21.0  Hertzman 

08.0376.78 XY 21.0  Hertzman 

14.2802.0 XY 36.0
 Solid  solution

Hardening
 Tseng  Chou 

88
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5.1

  304L    4

 0-10,  15,  20,  25,  30,  35,  40  

100

1.   DIN  8563  

  0   9

2.   8563

  10,  15,  20,  25,  30,  35,  40   100
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  304 L  

4.  (Fusion Zone)   DIN  8563

  9

  4.09

5.  (Fusion Zone)    DIN  8563  

  100

6.  (Heat  Affected  Zone)    DIN  8563  

 (Heat  input)  
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.1 ( )

  304 L  Ar  100%  HAZ

11.50 11.00 11.00 11.00 11.50 11.00 12.00 17.00 

12.50 13.50 11.00 15.50 10.50 9.50 12.00 13.00 

8.50 10.50 13.50 11.50 10.00 15.00 12.00 15.50 

8.50 11.00 16.00 12.50 10.50 12.50 13.50 10.50 

7.00 11.00 13.50 12.00 10.50 12.50 16.00 9.50 

11.50 10.50 16.00 11.00 11.50 13.50 14.50 11.50 

X  =577   X  =12.02  n  =48   S  = 2.14 

CI =0.61   Error% =5.03 vV =12.02  0.61 

.2 ( )

  304 L   Ar  100%   Fusion  Zone

15.00 16.00 10.00 16.50 16.00 10.00 16.50 14.50 

16.00 14.50 15.00 14.50 14.50 15.00 14.00 13.00 

14.00 17.00 13.50 14.50 17.00 13.50 16.00 14.50 

12.00 13.00 14.00 13.00 13.00 14.00 16.00 13.50 

12.00 15.50 16.00 14.50 15.50 16.00 16.50 16.00 

13.50 10.50 16.00 13.50 10.50 16.00 14.50 14.50 

X  =690.5   X  =14.39  n  =48   S =1.78

CI  = 0.50   Error% =3.50 vV  = 14.39  0.50 



97

.3 ( )

  304 L   Ar+N2  1%   HAZ

16.00 12.50 15.45 12.94 16.00 12.50 15.45 12.94 

13.50 13.64 12.73 12.94 13.50 13.64 12.73 12.94 

16.00 13.64 13.53 12.35 16.00 13.64 13.53 12.35 

11.00 14.55 12.94 12.94 11.00 14.55 12.94 12.94 

15.00 11.82 15.88 12.94 15.00 11.82 15.88 12.94 

12.50 15.45 12.35 15.88 12.50 15.45 12.35 15.88 

X  =656.96    X =13.69 n=48   S  = 1.46 

CI  =0.41   Error% =3.01 vV  = 13.69  0.41 

.4 ( )

  304 L  Ar+N2  1%   Fusion  Zone

11.50 8.50 13.00 15.50 11.00 11.50 13.50 10.00 

13.50 12.50 11.00 12.00 11.50 11.00 12.00 10.50 

12.00 10.00 14.50 15.50 10.50 9.50 11.50 12.00 

9.00 12.50 8.50 11.50 10.00 15.00 12.00 10.50 

12.00 12.00 12.00 12.50 10.50 12.50 9.00 11.50 

10.50 18.00 10.50 12.00 10.50 12.50 12.00 10.50 

X  =561.50   X = 11.70   n= 48  S  = 1.85 

CI  = 0.52   Error% = 4.481 vV  = 11.70  0.52 



98

.5 ( )

  304 L   Ar+N2  2%   HAZ

14.97 15.65 11.56 13.61 16.33 16.33 12.93 13.61 

15.65 17.01 12.93 14.97 12.93 16.33 14.29 11.56 

16.33 11.56 12.93 14.97 11.56 12.93 16.33 16.33 

16.33 16.33 12.93 14.97 12.93 11.56 13.61 13.61 

13.61 16.33 14.29 11.56 17.01 12.93 13.61 13.61 

13.61 12.93 16.33 16.33 11.56 12.93 13.61 13.61 

X  =679.59   X  =14.16  n =48  S  = 1.73 

CI  =0.49   Error% =3.45 vV  =14.16  0.49 

.6 ( )

  304 L   Ar+N2  2%   Fusion  Zone

11.00 8.00 6.00 7.65 8.50 8.00 8.50 8.50 

10.00 8.00 8.82 8.82 8.00 9.50 8.00 9.00 

7.50 9.50 7.06 11.50 8.50 10.00 9.50 6.50 

8.50 8.50 11.76 10.00 9.00 8.50 8.00 6.00 

8.00 9.00 8.82 7.50 9.00 10.50 8.00 7.50 

9.50 6.50 11.76 8.00 10.00 8.50 9.50 9.00 

X  =417.71   X =8.70 n =48  S = 1.33 

CI  =0.38   Error% =4.31 vV  = 8.70  0.38 
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.7 ( )

  304 L   Ar+N2  3%   HAZ

12.78 16.54 12.78 17.29 13.53 15.04 14.29 12.03 

15.04 14.29 12.03 12.35 13.53 12.03 17.29 12.78 

12.03 17.29 12.78 13.53 12.94 12.03 17.29 18.80 

12.03 17.29 18.80 10.59 15.29 11.28 18.05 12.94 

11.28 18.05 18.80 14.71 15.29 14.29 11.28 15.29 

14.29 11.28 19.55 12.35 12.78 16.54 12.78 15.29 

X  =690.43   X  =14.38  n =48  S = 2.46 

CI  =0.70   Error% =4.84 vV  =14.38  0.70 

.8 ( )

  304 L   Ar+N2  3%   Fusion  Zone

6.00 9.00 8.50 5.50 7.00 7.50 9.00 7.00 

5.50 10.00 7.50 5.00 8.50 9.00 8.00 8.00 

7.00 7.50 9.00 7.00 6.50 6.50 9.00 9.00 

8.50 9.00 8.00 8.00 7.50 5.50 8.00 8.00 

6.50 6.50 9.00 6.00 9.00 8.50 5.50 5.50 

7.50 5.50 8.00 5.50 10.00 7.50 5.00 8.50 

X = 359   X  =7.48  n =48  S  = 1.38 

CI  =0.39   Error% =5.22 vV = 7.48  0.39 
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.9 ( )

  304 L   Ar+N2  4%   HAZ

10.59 12.94 16.47 14.12 12.94 16.47 14.12 14.12 

10.59 12.94 16.47 14.12 12.94 16.47 14.12 18.82 

12.94 11.76 14.12 18.82 11.76 14.12 15.29 20.00 

11.76 11.76 15.29 20.00 11.76 15.29 9.41 17.65 

17.65 15.29 9.41 17.65 15.29 9.41 15.29 14.12 

14.12 14.12 15.29 14.12 14.12 15.29 14.12 12.94 

X  = 688.24  X  =14.34  n  =48  S = 2.56 

CI  =0.73   Error% =5.06 vV  = 14.34  0.73 

.10 ( )

  304 L   Ar+N2  4%   Fusion Zone

9.00 8.00 6.50 8.00 8.00 8.00 6.50 8.00 

7.50 9.00 6.00 7.50 8.00 9.00 6.00 9.50 

6.50 9.50 8.00 6.00 6.50 9.50 8.00 8.00 

7.50 8.00 7.50 8.50 7.50 8.00 7.50 8.50 

7.50 8.50 8.00 6.50 7.50 8.50 8.00 8.00 

7.00 8.00 8.50 9.00 7.00 8.00 8.50 6.50 

X  =374.50   X  =7.80  n =48  S  = 1.45 

CI  =0.41   Error% =5.25 vV = 7.80  0.41 
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.11 ( )

  304 L   Ar+N2  5%   HAZ

14.16 15.93 16.33 17.69 12.93 17.01 12.94 15.29 

15.04 13.27 12.93 16.33 16.33 14.97 14.71 15.29 

16.81 16.81 12.93 13.61 16.33 16.33 14.71 18.05 

17.70 14.16 12.93 17.01 12.93 16.33 14.12 15.04 

15.93 16.81 12.93 17.01 14.29 15.65 14.12 14.29 

16.81 16.33 12.93 17.01 14.97 17.01 15.29 15.04 

X  =733.28   X  =15.28  n =48  S = 1.54 

CI  =0.44   Error% =2.85 vV  = 15.28  0.44 

.12 ( )

  304 L   Ar+N2  5%   Fusion  Zone

7.00 7.00 7.50 6.50 8.00 6.00 6.50 6.50 

7.50 7.50 8.00 6.50 8.00 8.50 6.00 6.00 

8.00 8.00 6.00 6.00 6.00 5.50 6.50 5.50 

8.00 9.00 6.50 5.50 3.00 5.50 5.00 3.00 

6.00 7.50 5.00 3.00 3.50 6.50 8.00 5.50 

7.00 7.00 8.00 5.50 5.00 6.00 6.50 8.00 

X  =308   X  =6.42  n =48  S  = 1.43 

CI  =0.40   Error% =6.29 vV  = 6.42  0.40 
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.13 ( )

  304 L   Ar+N2  6%   HAZ

10.83 13.33 20.83 13.33 20.00 15.83 14.17 15.83 

14.17 17.50 14.17 17.50 16.67 15.00 20.83 13.33 

18.33 15.83 18.33 15.83 14.17 18.33 14.17 17.50 

16.67 15.00 16.67 15.00 15.00 15.83 18.33 15.83 

15.00 19.17 15.00 19.17 17.50 15.00 16.67 14.17 

15.83 14.17 15.83 14.17 17.50 19.17 15.00 18.33 

X  =775.83   X  =16.16  n =48  S  = 2.14 

CI  =0.60   Error% =3.74 vV  = 16.16  0.60 

.14 ( )

  304 L   Ar+N2  6%   Fusion  Zone

4.00 6.50 6.00 5.50 4.50 3.00 6.00 5.50 

6.50 6.50 7.00 6.50 4.50 3.50 7.00 6.50 

6.50 7.00 6.50 6.00 6.50 7.00 6.50 6.00 

6.50 6.00 7.00 6.00 7.50 7.00 6.50 6.00 

6.00 3.00 3.50 5.50 6.00 7.00 4.00 6.50 

5.50 3.50 6.50 8.00 5.50 6.50 6.50 4.50 

X  =281.50   X  =5.86  n=48 S = 1.21 

CI  =0.34   Error% =5.84 vV  = 5.86  0.34 
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.15 ( )

  304 L   Ar+N2  7%   HAZ

17.50 16.50 16.00 14.00 17.00 18.50 17.50 16.00 

15.00 19.50 17.50 17.00 13.00 16.00 18.50 16.50 

15.50 19.50 17.00 17.00 15.50 14.50 15.00 14.00 

14.00 18.00 18.00 16.00 18.00 17.00 13.50 16.00 

16.00 14.50 15.50 16.00 13.00 13.00 14.00 16.00 

16.00 18.50 16.00 14.50 14.50 15.50 16.00 19.00 

X  =772.50   X  = 16.09  n = 48  S  = 1.71 

CI  = 0.48   Error% = 3.00  vV  =16.09  0.48 

.16 ( )

  304 L   Ar+N2  7%   Fusion  Zone

7.00 8.00 9.00 6.00 9.00 8.00 7.50 8.50 

6.00 9.00 7.00 5.50 9.50 6.50 8.50 9.00 

7.50 7.00 8.00 6.50 6.00 8.00 9.00 6.00 

8.50 6.00 9.00 6.50 7.00 9.00 7.00 5.50 

9.00 7.50 8.50 7.00 6.50 7.00 8.00 6.50 

7.00 8.50 9.00 8.50 9.00 6.00 9.00 6.50 

X  =364   X  = 7.58  n = 48  S  = 1.18 

CI   = 0.33   Error% = 4.39  vV  = 7.58  0.33 
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.17 ( )

  304 L   Ar+N2  8%   HAZ

16.96 19.64 15.18 14.29 14.29 19.64 15.18 14.29 

23.21 21.43 25.00 19.64 18.75 21.43 25.00 19.64 

24.11 16.07 20.54 19.64 15.18 16.07 20.54 21.43 

15.18 21.43 23.21 21.43 25.00 21.43 23.21 14.29 

14.29 14.29 24.11 16.07 14.29 14.29 24.11 18.75 

19.64 18.75 15.18 21.43 19.64 18.75 15.18 15.18 

X  =906.25   X  =18.88  n =48  S  = 3.57 

CI  =1.01   Error% =5.34 vV  = 18.88  1.01 

.18 ( )

  304 L   Ar+N2  8%   Fusion  Zone

4.55 4.55 3.03 5.05 5.00 3.50 6.50 5.50 

6.57 5.56 3.54 4.55 3.00 6.50 7.00 3.50 

7.07 3.54 6.57 5.50 4.50 3.50 5.00 6.50 

5.05 6.57 7.07 3.50 5.00 5.00 4.50 7.00 

4.55 3.54 5.05 6.50 4.50 3.00 5.00 7.50 

5.05 5.05 4.55 3.50 5.50 3.50 4.50 4.50 

X  =239.51   X  =4.99  n =48  S  = 1.26 

CI  =0.36   Error% =7.13 vV  = 4.99  0.36 



105

.19 ( )

  304 L   Ar+N2  9%   HAZ

16.84 16.84 20.00 16.84 20.00 14.74 12.63 14.74 

17.89 18.95 29.47 18.95 29.47 16.84 20.00 16.84 

21.05 14.74 26.32 14.74 17.89 18.95 29.47 18.95 

12.63 13.68 21.05 13.68 21.05 14.74 26.32 14.74 

13.68 8.42 13.68 8.42 12.63 13.68 21.05 13.68 

14.74 12.63 14.74 12.63 13.68 8.42 13.68 8.42 

X  = 805.26   X  = 16.78  n = 48  S  = 5.19 

CI = 1.47   Error% = 8.75  vV  =16.78 1.47

.20 ( )

  304 L   Ar+N2  9%   Fusion  Zone

4.88 3.41 5.37 4.88 4.88 3.41 5.37 4.39 

2.44 6.34 3.41 4.39 2.93 3.41 3.41 7.80 

4.39 1.95 6.34 5.37 4.39 4.88 1.95 4.39 

1.95 4.39 6.83 3.41 4.88 4.39 3.41 2.93 

4.39 1.46 1.95 3.90 4.39 4.88 1.95 1.95 

5.37 4.39 4.39 3.41 5.37 4.39 2.93 4.39 

X  =196.10   X  =4.09  n =48  S  = 2.54 

CI  =0.72   Error% =7.55 vV  = 4.09 0.72
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.21 ( )

  304 L   Ar+N2  10%   HAZ

13.33 10.00 16.00 8.67 12.67 14.67 13.33 15.33 

13.33 12.67 14.67 14.67 9.33 13.33 12.67 13.33 

10.67 9.33 13.33 15.33 10.67 12.67 9.33 11.33 

15.33 10.67 12.67 13.33 12.67 9.33 9.33 10.00 

13.33 12.67 9.33 11.33 16.00 9.33 8.67 12.67 

11.33 16.00 9.33 10.00 16.00 14.67 14.67 9.33 

X  =588.67   X  =12.26  n =48  S  =2.32 

CI  =0.66   Error% =5.34 vV  =12.26 0.66

.22 ( )

  304 L   Ar+N2  10%   Fusion  Zone

4.55 4.55 3.03 3.03 3.00 3.50 3.00 5.50 

5.05 5.56 3.54 2.02 3.00 6.50 5.00 3.50 

6.06 3.54 2.53 5.50 4.50 3.50 5.00 2.50 

5.05 2.02 7.07 3.50 2.50 5.00 4.50 3.50 

4.55 3.54 5.05 2.50 4.50 3.00 5.00 3.50 

5.05 5.05 4.55 3.50 5.50 3.50 4.50 4.50 

X  =198.35   X  =4.13  n =48  S = 1.46 

CI =0.41   Error% =10.03 vV  = 4.13 0.41
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.23 ( )

  304 L   Ar+N2  15%   HAZ

8.67 7.33 12.00 9.33 12.67 14.67 8.67 18.00 

17.33 14.00 12.00 7.33 12.00 10.67 10.67 16.67 

19.33 12.00 16.00 14.00 12.00 9.33 12.67 10.67 

14.67 8.67 18.00 12.00 16.00 7.33 12.00 9.33 

10.67 10.67 16.67 8.67 18.00 14.00 12.00 7.33 

9.33 12.67 10.67 10.67 19.33 12.00 16.00 14.00 

X  =598.67   X  =12.47  n =48  S  = 3.35 

CI =0.95   Error% =7.61 vV  = 12.47  0.95 

.24 ( )

  304 L   Ar+N2  15%   Fusion  Zone

8.00 8.00 8.00 9.50 9.50 8.00 9.50 6.50 

5.33 9.00 9.00 10.50 10.50 9.00 10.50 8.50 

10.00 9.50 9.50 6.50 9.50 9.50 6.50 8.00 

9.33 10.50 10.50 8.50 10.50 10.50 9.00 9.00 

6.00 6.50 6.50 8.00 6.50 6.50 9.50 9.50 

8.00 8.50 9.00 9.00 8.50 9.00 10.50 10.50 

X =418.17   X  =8.71  n =48  S  =1.41 

CI =0.40   Error% =4.59 vV  = 8.71  0.40 
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.25 ( )

  304 L   Ar+N2  20%   HAZ

7.69 12.82 11.11 12.22 8.97 8.89 10.00 11.54 

11.54 11.54 7.78 11.11 11.54 10.00 6.67 10.26 

10.26 12.82 8.89 7.78 11.54 11.11 13.33 8.97 

8.97 8.89 10.00 8.89 12.82 11.11 12.22 11.54 

11.54 10.00 6.67 10.00 11.54 7.78 11.11 11.54 

11.54 11.11 13.33 10.26 12.82 8.89 7.78 12.82 

X  =501.54   X  =10.45  n =48  S  =1.79 

CI =0.51   Error% =4.85 vV  = 10.45  0.51 

.26 ( )

  304 L   Ar+N2  20%   Fusion  Zone

6.50 6.50 6.00 9.00 9.00 7.50 8.50 8.00 

5.00 9.00 9.00 7.00 8.50 7.00 6.50 10.00 

6.00 7.00 7.50 8.50 6.50 9.00 9.00 9.50 

7.50 8.50 7.00 6.50 5.00 6.50 9.50 10.00 

7.00 6.50 9.00 5.00 6.00 9.00 10.50 6.50 

9.00 5.00 6.50 6.00 9.00 7.00 6.50 9.50 

X  =364.50   X  =7.59  n =48  S  =1.50 

CI=0.42   Error% =5.58 vV  = 7.59 0.42
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.27 ( )

  304 L   Ar+N2  25%   HAZ

8.67 9.33 8.67 11.33 10.67 14.00 12.00 9.33 

11.33 10.67 11.33 10.00 8.00 9.33 12.00 10.67 

10.00 8.00 14.67 8.67 10.67 10.00 10.00 8.00 

8.67 10.67 8.67 8.00 14.00 8.67 8.67 10.67 

8.00 9.33 14.00 10.67 10.67 11.33 8.00 14.00 

10.67 12.00 8.67 9.33 10.00 10.67 10.67 10.67 

X  =494.00   X  =10.29  n =48  S  =1.77 

CI =0.50   Error% =4.87 vV  =10.29  0.50 

.28 ( )

  304 L   Ar+N2  25%   Fusion  Zone

18.00 12.00 18.00 10.50 12.00 11.00 11.50 12.50 

9.00 12.50 13.00 15.50 11.00 11.50 11.00 12.00 

14.50 12.50 11.00 12.00 15.50 10.50 9.50 18.00 

15.00 10.00 14.50 15.50 11.50 10.00 15.00 13.00 

11.50 12.50 8.50 11.50 12.50 10.50 12.50 11.00 

15.50 12.00 12.00 12.50 12.00 10.50 12.50 14.50 

X  =601.00   X  =12.52  n  =48  S  = 2.24 

CI =0.63   Error% =5.06 vV  =12.52 0.63
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.29 ( )

  304 L   Ar+N2  30%   HAZ

16.67 17.33 16.67 11.33 13.33 14.67 18.00 13.33 

16.67 18.00 13.33 13.33 10.00 12.00 16.67 13.33 

16.67 16.67 13.33 12.67 16.00 17.33 13.33 10.00 

16.67 13.33 10.00 12.67 12.67 14.67 12.67 13.33 

14.67 12.67 16.00 16.67 16.67 12.00 12.67 12.67 

12.00 12.67 12.67 13.33 16.67 17.33 16.67 11.33 

X  =683.33   X  =14.24  n  =48  S = 2.28 

CI =0.65   Error% =4.54 vV  = 14.24 0.65

.30 ( )

  304 L   Ar+N2  30%   Fusion  Zone

12.09 13.19 17.03 11.54 14.84 13.74 12.09 13.19 

15.93 17.03 12.64 10.99 13.19 10.99 15.93 17.03 

9.34 12.64 13.74 11.54 9.89 13.74 9.34 12.64 

13.19 13.74 13.19 11.54 13.19 13.19 13.19 13.74 

11.54 13.19 12.09 12.64 11.54 19.78 11.54 13.19 

17.03 12.09 12.64 12.09 9.34 14.29 17.03 11.58 

X =630.81   X  =13.14  n=48 S  =2.47 

CI =0.70   Error% =5.32 vV  = 13.14 0.70
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.31 ( )

  304 L   Ar+N2  35%   HAZ

8.00 14.86 8.78 16.22 16.89 16.67 14.97 8.84 

10.67 8.78 8.11 12.84 13.33 16.67 8.84 8.16 

9.33 14.19 10.81 11.49 13.33 14.67 14.29 10.88 

12.00 8.78 9.46 13.51 10.00 12.24 8.84 9.52 

8.67 11.49 10.81 12.84 16.00 17.69 11.56 10.88 

11.49 10.14 8.11 12.84 12.67 14.97 10.20 8.16 

X =564.50   X  =11.76  n =48 S  =2.80 

CI =0.79   Error% =6.74 vV  = 11.76  0.79 

.32 ( )

  304 L   Ar+N2  35%   Fusion  Zone

17.22 12.78 11.11 16.67 12.78 12.22 9.44 14.44 

12.78 13.89 11.67 13.89 11.67 15.00 13.89 12.22 

13.89 13.33 11.67 13.89 11.11 13.33 11.11 16.11 

13.33 12.22 12.78 13.89 11.67 10.00 13.89 9.44 

12.22 12.78 12.22 13.33 11.67 13.33 13.33 17.22 

17.22 11.67 10.56 12.22 12.78 11.67 20.00 17.78 

X  =633.33   X  =13.19  n  =48  S = 2.19 

CI =0.62   Error% =4.70 vV  =13.19 0.62
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.33 ( )

  304 L   Ar+N2  40%   HAZ

8.18 10.00 12.73 9.23 11.00 14.00 12.00 17.14 

8.18 10.00 12.73 9.23 11.00 14.00 12.00 22.86 

10.00 9.09 10.91 12.31 10.00 12.00 13.00 24.29 

9.09 9.09 11.82 13.08 10.00 13.00 8.00 21.43 

13.64 16.25 6.15 15.00 13.00 8.00 18.57 17.14 

10.91 10.91 10.00 12.00 12.00 13.00 17.14 15.71 

X =600.81   X  =12.52  n  =48  S =3.83

CI =1.08   Error% =8.67 vV  =12.52 1.08

.34 ( )

  304 L   Ar+N2  40%   Fusion  Zone

16.85 11.50 10.00 15.00 12.43 11.89 9.71 13.68 

12.64 12.50 10.50 12.50 11.35 14.59 14.29 11.58 

13.74 12.00 10.50 13.51 10.81 13.71 11.43 15.26 

12.00 11.00 11.50 13.51 11.35 10.29 14.29 8.95 

11.00 11.50 11.00 12.97 11.35 13.71 12.63 16.32 

15.50 10.50 9.50 11.89 12.43 12.00 18.95 16.84 

X  =602.97   X  =12.56  n  =48  S  = 2.10 

CI =0.60   Error% =4.74 vV  = 12.56 0.60
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.35 ( )

  304 L   N2  100%   HAZ

2.67 0.00 2.67 1.33 4.00 4.00 3.50 2.50 

2.00 0.00 2.67 0.00 4.67 4.67 1.50 3.00 

4.00 0.00 1.33 0.00 4.00 4.67 0.00 3.50 

2.67 1.33 2.00 4.67 4.67 4.00 0.00 2.50 

3.33 4.00 5.33 3.33 2.67 4.00 0.00 4.00 

1.33 3.33 2.67 0.00 2.00 3.00 1.50 3.00 

X  =122.00   X  =2.54  n  =48  S = 1.65 

CI =0.47   Error% =8.42 vV  = 2.54 0.47

.36 ( )

  304 L   N2  100%   Fusion  Zone



.

  304 L 

  2   

  LECO  400  (Oxygen-Nitrogen  Analyzer) .1

.1

( ) ( ) (% wt.) 

1 0.134 0.005 0.037 

2 0.522 0.027 0.051 

 0.044 

  304 L   0-10,  15,  20,  25,  30,

35,  40   100 .2



.2   (%wt)   304 L

  0-10,  15,  20,  25,  30,  35,  40   100

( ) ( ) (% wt.) (% wt.) 

1 0.505 0.02579 0.051 0.051
0

2 0.124 0.00635 0.051   

1 0.117 0.00610 0.052 0.052
1

2 0.183 0.00947 0.052   

1 0.237 0.01252 0.053 0.053
2

2 0.246 0.0129 0.052   

1 0.130 0.00879 0.068 0.065
3

2 0.132 0.00828 0.063   

1 0.107 0.00754 0.070 0.067
4

2 0.130 0.00832 0.064   

1 0.134 0.01065 0.079 0.076
5

2 0.131 0.00941 0.072   

1 0.129 0.00902 0.070 0.071
6

2 0.143 0.01038 0.073   
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.2( )  (%wt)   304 L

   0-10,  15,  20,  25,  30,  35,  40   100

( ) ( ) (% wt.) (% wt.) 

1 0.149 0.00981 0.066 0.066
7

2 0.134 0.00892 0.067   

1 0.184 0.01422 0.077 0.082
8

2 0.113 0.00981 0.087   

1 0.186 0.01405 0.076 0.078
9

2 0.191 0.01544 0.081   

1 0.115 0.00995 0.087 0.085
10

2 0.204 0.01698 0.083   

1 0.244 0.0158 0.065 0.065
15

2 0.168 0.01101 0.066   

1 0.103 0.00872 0.085 0.081
20

2 0.151 0.01153 0.076   
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.2( )  (%wt)   304 L

   0-10,  15,  20,  25,  30,  35,  40   100

( ) ( ) (% wt.) (% wt.) 

1 0.133 0.01741 0.131 0.125
25

2 0.123 0.01467 0.119   

1 0.159 0.01358 0.085 0.090
30

2 0.140 0.01328 0.095   

1 0.166 0.01346 0.081 0.081
35

2 0.163 0.01315 0.081   

1 0.136 0.01474 0.108 0.111
40

2 0.127 0.01446 0.114   

1 0.168 0.03057 0.182 0.175
100

2 0.150 0.02514 0.168   
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.

(Linear  Least  Square  Method  Fitting  Curve) 

(Scattering)

. .
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