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SELF-WELDING BEHAVIOR of VARIOUS MATERTALS in
a SODIUM ENVIRONMENT

(III) EFFECT of TEMPERATURE on SELF-WELDABILITY

Syotaro MIZOBUCHI%,
Shigeki KANOH#*,
Kohichi NAKAYAMA*,
Masaru NAMEKAWA*,
Tetsuro OWADA* and
Hideo  ATSUMO%

In this report,

the effect of temperature on self-weldability of materials with various contact

areas was investigated in 650°C and 700°C sodium, while investigated in 600°C

" sodium in preceding reports (SN941 73-12 and N941 74-18).

The following results were obtained:

(1) The self-welding force of the combination of SUS316 vs. SUS316 was ,
approximately 1100kg at all of test temperatures (600°C, 650°C and 700°C).

(2) The self-welding force of the combination ofSUS316 vs. SUS316 was under
the influence of the apparent contact area up to 650°C, but was not at 700°C.

(3) The self-welding force of the combination of SUS316 vs. SUS420 came up to
3850kg and the metal transfer of more than 20um was observed after tensile
test.
Also, the self—selding behavior of this combination mainly results froﬁ the
interdiffusion of alloy elements at the boundary layer.

(4) The nichrome binder contained in chrome carbide material promoted the
self-weldability and 100% of chrome carbide did not indicate the
Self—weldability.

* Sodium Technology Section, Sodium Technolegy Division,

Oarai Engineering Center.
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Table—1 Conditions of Test
Specimen No. Na temp. Test load Na flow rate
(r) (Kg ) (4 /min)
9—1~9-15 . 650 880 0.3
10 —1~10—12 700 880 0.3
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Table~2 Chemical Composition of Materials (Wt%)

Materials c 8i Ni Cr Fe | Mn B Mo W Co
Stellite Mmé| 104 117 28465 0.27 420 | Bal
Colmonoy /24| 075 | 425 73765 1350 475 300

SUS 316 0.07 0.48 105 1661 Bzl 1.53% 212
SUS 429 0.20 1.0> 13.0 Bal 1.0 >
Mo Bal
W Bal
Ni Batl
N—i ~Cr Bal 20
Hard chrome » 100
plating
G - 2 44WC+6%Co
LC—-1C 85%Cr3zC,+154Ni—Cr
Lw — 5 25¢WC+54Ni+W-Cr Carbide

Table~3 Manufacturing Method of Specimens

Materials Manufaeturing Methods
LC—1C

Detonation Gun Coating on SUS314, Lapped
LW-5 :
LC—1C
Mo Plasma Gun Goating on SUS3t4, Lapped
W
Mo
W Wire Explosion Coating on SUS316,
Ni

Ag Sprayed, or Lapped

Ni—Cr
G—2
Hard Crome E lectroplating on SUS3 16, AS Plated, or Lapped,
Stellite M6 Oxy—-Acetylene Gas Weld, Lapped,
Colmonoy /faé
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Table4 Summary of the Results of Self —Welding Tests

Specimen Apparent
Combination of materials contact area Weldabil ity
#a (=)
P-=1 SUS316 Vs, Cr plating (102) 220 O
9—2 SUS316  VS. | L?;ﬁéiicrgogi‘ig?f‘” *Cr) 220 O
9—3 SUS316 VS. Cr plating (40#) 220 x
9—4 SUS316  VS. ggffmgrsef;ting) 220 x
2—5 SUS316 VS, SUS420 57 O
9—6 suUsS420 VS. SUS31¢ 192 O
97 SUS316 VSs. SUS420 770 O
9—8 SUS420 VS. SUS420 197 O
9—9 SUS420 VS. SUS314 220 O
9—10 SUS316 VS. 8US314 44 %
9—11 SUS31¢6 VSs. SUS314 1253 O
?—12 SUS316 VS. SUS3146 224 O
?—13 SUS3146 VS. SUS316 576 @)
9—14 SUS31¢6 Vs. SUS314 1,162 O
9—15 SUS3 16 Vs. stellite 42 & 880 O
10—1 SUS316 VS.  SUS316 880 o
10—2 SUS31¢4 Vs. SUS316 line X
10-3 -8U831¢4 VS, SUS3146 110 O
10—4 SUS314 Vs. SUS316 220 e
10—-5 SUS314 VS. SUS314 440 @)
10—6 SUS316 vs. . explosion coating ) 110 o)
10=7 Igvfrire a{plosior:f)s' SUB314 220 O
10—8 SUS316 VS.  SUS316 line x
109 SUS31¢6 VSs. SUS420 220 O
10—10 SUSaz20 VS. SUS31¢4 440 O
10—11 SUS316 VS. SUSazao 880 O
i0—12 SUS420 VS. stellite 45 & 880 X
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Table—5 Besults of the Tensile Test of Self-welded Specimens.
Sodium Apparent Contact Breskaway
Specimen Az | temp Combination of Materials Contact Area | Pressure Force )
(T) (=) (Kg/=") (Kg)
2—2 600 SUsz16 V.S Ni 220 4.0 658
2—3 600 SUs3ts V.S Ni—Cr 220 4.0 672
2—4 600 G—2 V.S. Mo 220 4.0 20
24 600 SUS316 V.8, W 220 4.0 91
2—9 600 SUS316 V.S LW-5 220 4.0 270
2—10 600 SUS316 V.8. stellifes 6 220 40 245
2—12 - 600 SU8316 V.S Ni—Cr 840 11 442
2—14 600 SUS316 V.8, W 840 11 30
2—15 600 SUS316 V.S. SUS316 840 1.1 193
9—1 650 SUS314  V.8. Cr Plating 220 4.0 140
9—2 650 SUS316 V.S (Plaslr‘nca“é(;“m) 220 4.0 560
9—5 650 SUS316 V.S SUS420 57 15.4 1680
9—6 650 SUS316 V.S, SUS420 192 4.6 200 %!
9—7 650 SUS316  V.8.  SUS420 770 11 100082
9—8 650 sus4z2o0 V.8 SUS420 197 45 770
9—11 650 SUS316 V.8 SUS316 123 7.0 970‘
9—12 650 SUS316  V.S. SUS316 224 39 960
9—13 650 SUS31¢ V.8. 8US31¢6 576 15 470
9—14 650 SUS316 V.S SUS316 1,162 075 0
103 700 SUS316 V.S. SUS316 110 8.0 1,140
10—4 700 SUS316  V.S. SUS316 220 4.0 990
10—5 700 SUS316  V.S. SUS31¢4 440 2.0 1,120
10—4 700 SUS316 V.S (wirI: iexplosion) 110 80 1,240
10—7 700 SUS316 V.S Ni )| 220 40 1620
109 700 SUSzs16 V.S SUS420 220 4.0 3850
10—10 700 SUS316 V.S SUS420 440 2.0 2180252
#¥1 Result doubtful

w2 Non—Rupture
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Fig—6 Relations of Breakaway Force versus Testing
Terap. on the Combinations of Various Materials
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Tum

0.Z25am

Roughness Change on the Contacting Surface

Fig7 Results of Analysis on the Contact Surface after Test in
700C Na (Semi—Spherical Specimen)
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lum

0.25mm

Roughness Change on the Contacting Surface

Fig8 (Results of Analysis on the Contact Surface after Test in
700C Na (Apparent Contact Area . 110mi)
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lom

0.25am

Roughness Change on the Contacting Surface

Fig10 The Fracture Surface of lower S'pecimeﬁ (8U831¢6)
after Tensile Test under 990Ky
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The Fracture Surface of
upper Specimen

1pm

1.25mm

Roughness Change on the Surface of upPer Specimen

The Fracture Surface of

Lower Speeimen

4

0.05mm

Figt1 The Fracture Surface of SUS316 (contacting area . 440m)
after Tensile Test under 1,120Kg
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Table—6 Change of the true Contact Region on SUS314 after Tested

True Contact Region
. Apparent Contact Breakaway Force per 25x1071 )
T.BE M4 Area (mf) (K¢ ) Number Area (x10 =" g)
10—-3 110 1,140 31 85
10— 4 220 ?90 8 5.5
10—5 440 120 5 4. 0
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Fig —12 Change of Microhardness on the Contacting
Surfhce after Tested (SUS 316—SUS8 316 Couple)
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Fig13

— 6H#

Micrographs of the Fracture Surface after Tensile Test
under 1,680K¢

-25

1pem

0.25nn

oo, A

Roughness on the Contact Surface of SUS316 gide

Scanning Electron Micrograph on the Fracture Surface
of SUS316 side

Stereograph on the Fracture Surface

of SUS 420 side

Scanning Eleetron Micrograph on the Fracture Surface
of SUS420 side '
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Fig14 Typical Appearance of Metal Transfer on SUS316 Stainless
Surface after Tensile Test under 3850 kg.

FPig15 TResults of XMA Analysis on the Fracture Surface of SUS420
Side after Tensile Test
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Non Contacting region

20 p

Cross — Sectional Mierograph of Self —Welded Self —Welding

region after tested in 650°C Na

Specimen After Etching

Fig1é Results of XMA Analysis of SUS314 combined with SUS420
after Self—Welding Test
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Diffusion Zone

SuUs420 Ni Content
® ' of SUS316
-
=]
£
6 - .

Z
0 10u
| I |
Non Contaeting after Tested . after Tested after Tested
Region in 400°CNa in 450°CNa in- 700CNa

FPig—17 Schematic Diagrvam of the Nickel on the Self—Welding Region

Diffusion Coefficient (Log D)

1.0 1.1 1.2

1 -
Testing Temp, s x1 0 (K h

Fig—18 Relation between Diffusion Coefficient and
Testing Temp,  on the self—Welding Test
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Interface Region
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Change of Ni
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Change of Fe on the Interface Region
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Change of Cr on the Interface Region

Fig1? Resultsof XMA Analysis on the Interface Region of

SUS420

SUS3146 vys.
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/

Change of Roughness on the
Fracture Surface

Stereogr_aph on the Fracture Surface of SUS316

Fig21 Results of the Fracture Surface of SUS3 16 combined with Ni after
Tensile Test under 1,6 20Ky
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mother material —Ni Coating mother material Ni Coating
(SUS316) PE" (8US314) ll_I

B : U e L

Micrograph of the interface Micrograph of the Interface Region

Region as S prayed After Tested in 700C Na
mother material - Ni Coating—s Diffusion layer
(SUS314) SUS31¢6 s+—————— Ni Coating

Change of Ni on the Interface R.E. lmage on the lnterface
Region as Sprayed : Region after Tested

Diffusion . . ] Diffusion layer
SUSS16-)1(:- layer 31‘& Ni Coating SUS316 - Ni Coaling

Change of Cr on the Interface Change of Ni on the Interface
Region after Tested in 700C Ma Region after Tested in 700C Na

Fig23 TResults of Analysis on the Interface Region of Ni Coating.
before and after Test ’
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The Fracture Surface of Hard Chrome The Fracture Surface of SUS316

Plating (Fracture force : 140Kz ) Stainless Combined With Hard Cr plating
(Fracture force : 140Kg )

The Surface of Hard Cr plating

(404 polishing) after Tested in
650C Na (Non-Self welding )

Fig24 Stereographs of the Hard Chrome Plating on the
Testing Surface

~-36 -



PNC TN941 75—12

13
a
Fracture Surface of the LC-1C e
(plasma) after Tensile Test 0.25zm
under 56 (kg
I/

Change of Roughness on the
Fract Surface of SUS31é Side
Fracture Surface of the SUS3146 racture Buriace

Side (vs. LC-IC Coating) (ZZ- part Metal Transfer )

X
™~
1.25mm
Appearance of 100% Cr, C, Roughness Change on the Contacting Surface of 100%C 1y C;
— Surface after Tested

g
=,
™

1.2 5mm

]

RD -
Stereograph of the Surface of ughness Change on the Contacting Surface of SUS 316

SUS316 Combined with 100%
Cr, G,
Fig25 Results of Analysis on the Fracture Surface after Tested in
650C Na
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Surface Roughness of LC~1C Coated by
D-gun after Tested

Stereograph of the Contacting
Surfaece of LC—IC Material

10um

1.25

Surface Roughness of LW-5
Coated by D~gun after Tested

Stereograph of the Contaeting
Surface of LW —5 Material

FigZé Results of Analysis on the Testing Surface of LC—1C and IW —5
Coated by D—gun
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