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FABRICATION OF MODIFIED 9 Cr-1 Mo STEEL TEST ARTICLE FOR 
EXPOSURE IN SODIUM COMPONENTS TEST LOOP AT 
ENERGY TECHNOLOGY ENGINEERING CENTER* 

V. K. Sikka, G. M. Goodwin, J. F. King, and K. V. Cook 

ABSTRACT 

The fabrication, inspection, shipment, and mechanical 
properties of a modified 9 Cr-1 Mo steel test article for 
exposure in the Sodium Components Test Loop (SCTL) at the 
Energy Technology Engineering Center (ETEC) are described. 
The test article delivered consisted of modified 9 Cr-1 Mo 
steel pipe 232 mm in diameter by 12.7-mm wall by 610 mm long. 
This pipe was safe ended with type 304L stainless steel spool 
pieces 152 mm long on each end. The joint between modified 
9 Cr-1 Mo and type 304L was made with ERNiCr-3 filler wire. 
The entire test article was postweld heat treated 1 h at 732OC 
and ultrasonically inspected before use. Radiography was used 
to inspect the welds between modified 9 Cr-1 Mo and type 304L 
stainless steel. The test article was delivered to ETEC on 
schedule on October 4, 1982. After delivery of the test 
article, we fabricated an additional piece of the same dimen- 
sions by the same procedure for archive purposes, mechanical 
property testing, and comparison with the actual test article 
after test. A part of this archive piece also provided a non- 
destructive examination standard for in-service inspection for 
ETEC. The archive specimen has already been subjected to ten- 
sile and creep testing, microstructual evaluation, and thermal 
aging for 2000 h at 51OOC. 
year of operation in the SCTL. We expect to remove this pipe 
after three years of operation for testing and examination. 

The test article has completed a 

INTRODUCTION 

We were informed on September 23, 1982, that a test section of 

modified 9 Cr-1 Mo steel pipe could be incorporated into the Sodium 

Components Test Loop (SCTL) at the Energy Technology Engineering Center 

(ETEC) if a spool piece of appropriate dimensions with stainless steel 

safe ends could be prepared and delivered to ETEC by the morning of 
- ~~ 

*Work performed under DOE/BTP AF 15 40 10 3 ,  OR-1.7, Advanced Alloy 
Technology. 
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October 4, 1982. An overall length of about 0.9 m with ends prepared to 

standard bevel at hand was desired. Descriptions of the fabrication, 

inspection, shipment, and mechanical properties of the test article follow. 

FABRICATION OF THE TEST ARTICLE 

The SCTL piping is nominally 254-mm-diam schedule 40 type 304H 

stainless steel. Large-diameter modified 9 Cr-1 Mo pipe was available 
in 245-mm-OD by 25-mm-wall extruded product from Electralloy heat 10148. 

The chemical analysis of this heat is given in Table 1. Note that all 

elements of this heat were within the specified range for modified 

9 Cr-1 Mo steel. Two 254- by 203-mm schedule 40 type 304H stainless steel 

reducers were also available at ETEC. It appeared that the matchup 

could be made with 203-mm-diam schedule 80 type 316 pipe spool pieces 

from the reference heat. Accordingly, a 610-mm length of the 9 Cr-1 Mo 

pipe and two 152-mm lengths of type 316 pipe were severed, and machining 

was begun. 

The modified 9 Cr-1 Mo pipe was normalized and tempered. The 

normalizing treatment consisted of holding the pipe at 104OOC for 1 h and 

air cooling to room temperature. 

by air cooling to room temperature. Figure 1 shows the pipe air cooling 

from the normalizing temperature to room temperature. 

Tempering was at 760°C for 1 h, followed 

Machining of the as-extruded 9 Cr-1 Mo pipe required the removal of 

more material from the inside than had been anticipated. As a result, the 

matchup to 203-mm schedule 80 dimensions of type 316 stainless steel was 

lost. As an alternative, 245-mm-diam rod stock of type 304L stainless 

steel heat 696626 was obtained from the ORNL stores and machined to the 

appropriate dimensions. It was an Armco heat sold to ORNL through 

Associated Steel Company of Houston. The vendor and check analyses of the 

type 304L bar stock are given in Table 1. Note that, although the carbon 

content of this heat is only 0.029 wt X ,  its nitrogen content is quite 
high (0.055 wt %>. 

to make this heat of type 304L comparable in properties to type 304H 

stainless steel. 

erties are compared in a later section of this report. Finished dimen- 

sions of modified 9 Cr-1 Mo and type 304L pipe are shown in Fig. 2. 

The combined effect of carbon and nitrogen is expected 

This point will become clearer when the mechanical prop- 
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Table 1. 
(Electralloy heat 10148) and type 304 stainless steel 
safe ends (heat 696626) used in the fabrication of 
Energy Technology Engineering Center test article 

Chemical analysis of modified 9 Cr-1 Mo pipe 

Heat 696626 

Vendor Checka 

9 Cr-1 Mo Heat 
specification 10148a 

Element 

Carbon 

Manganese 

Phosphorus 

Sulfur 

Silicon 

Nickel 

Chromium 

Molybdenum 

Vanadium 

Ni ob ium 

Titanium 

Cobalt 

Copper 

Aluminum 

Boron 

Tungs ten 

Arsenic 

Tin 

Zirconium 

Nitrogen 

Oxygen 

0.08-0.12 

0.304.60 

0.020 Maximum 

0.010 Maximum 

0.20-0.50 

0.40 Maximum 

8.004.50 

0.85-1.05 

0.18-0.25 

0 . O M  .25 

0.04 Maximum 

0 . O M  .07 

0.091 

0.49 

0.018 

0.007 

0.35 

0.16 

9.34 

0.99 

0.21 

0.061 

0.004 

0.025 

0.07 

0.001 

<o .001 
0.01 

0.002 

0.003 

0.001 

0.037 

0.006 

0.022 

1.57 

0.027 

0.012 

0.73 

9.02 

18.54 

0.25 

0.48 

0.054 

0.029 

1.59 

0.027 

0.014 

0.76 

9.14 

18.79 

0.24 

0.06 

0.02 

<o .01 
0.11 

0.50 

<o .01 
<o .001 

0.055 

~ 

aChemical analysis conducted at Combustion Engineering, 
Inc., Chattanooga, Tenn. 
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As shown in Fig. 2, the final dimensions of the 9 Cr-1 Mo pipe were 

a 609.6-mm length, a 231.3-mm outer diameter, a 12.7-mm wall thickness, 

and zero bevel. The modified 9 Cr-1 Mo pipe was ultrasonically inspected 

before welding. The type 304L stainless steel spool pieces were of 

152.4-mm length, 231.24-mm diameter, and a wall thickness stepped from 

14.27 at the outside ends. The outside ends were machined to a stan- 

dard 37.5" bevel with a root face of 1.59 to 2.10 mm, and the ends toward 

the 9 Cr-1 Mo to a 60" bevel with a root face of 0.38 to 0.89 mm. The 

nonsymmetric geometry for the dissimilar-metal weld (0 "  on the 9 Cr, 60" 

on the 304L) was selected because of the available positioning equipment 

and the desire to make the welds in the 2G (pipe vertical) position. 

Welding began on September 29, 1983. The procedure is given in 

Fig. 3. An internal argon purge was maintained with stainless steel purge 

blocks and a stainless steel collar. 

accomplished with propane burners. The joints were tacked at 90" loca- 

tions and gas tungsten arc welded with ERNiCr-3 filler of 2.4 mm in 

diameter for root passes and 3.2 mm in diameter for fill passes. The chem- 

ical analyses of 2.4- and 3.2-mm wire of ERNiCr-3 are given in Table 2. 

Welding was in accordance with ORNL procedure WPS-2104. 

The preheat of 232°C minimum was 

Table 2. Chemical analysis of 2.4- and 3.2-mm wire of 
ERNiCr-3 used in the gas tungsten arc welding of 

modified test article 

Content (ut X )  
Element 

2.4 mm (3/32-in.) 3.2 mm (1/8-in.) 
~ ~~ ~~~~ 

Carbon 0.03 0.03 
Manganese 3.11 3 .05 
Silicon 0.18 0.10 
Sulfur 0.002 0.002 
Phosphorus 0.006 
Chromium 20 .05 19.95 
Nickel 72.55 71.36 
Copper 0.09 0.16 
Iron 1 .o 2.31 
Titanium 0.52 0.45 
Niobium plus tantalum 2.47 2.50 
Cobalt 0.04 
Tantalum 0.01 0.01 
Others 0.50 



U l L D l N G  NO. 

4508 

D A T E  

9 / 3 9 / 8 3  
WORK ORDER NO. 

W E L D I N G  PROCESS I M A T E R I A L  P R E P A R A T I O N  ICLEANING 

P R O C E D U R E  

PC-82, weld C1, tes t  a r t i c l e  

0 M E T l L L l C  

a T I G  

P O S I T I O N  O F  W E L D  W E L D I N G  O P E R A T O R  

2G Rota ted  V .  T.  Houchin 
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3 0 4 L  
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SPEC.  N U M B E R  AWS CLASS. MANUFACTURER L O T O R  H E A T N O .  R O D  
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M A N U F A C T U R E R  L O T  OR H E A T  NO. 

Root f a c e  w a s  l a r g e  W.O75" ,  I.D. r o o t  p a s s  made t o  smooth s u r f a c e .  P r e h e a t  REMARKS: 

maintained 1 h a f t e r  weld ing ,  PWHT 1350/1 h .  
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(S 12.011 

A W S  CLASS. F l L L E R  M E T A L  SPEC. N U M B E R  
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I I  

 MACHINING S U R F A C E  F IN ISH 

0 G R I N D I N G  

N 0.0 e.4 - 
LAND WAS CUT OFF 

0 V A P O R  0 H A N D  

S O L V E N T  D E T E R G E N T  

R 

0 M I G  

MAT'L: MAT,,. 9 C r - 1  Mo 

0 F I L I N G  

(COMPLETE SKETCH AS REQUIRED) 

I N S P E C T O R  

G R l N D l H G  B E T W E E N  PASSES I N E R T  GAS C O V E R  
A B R A S I V E  TORCH % P U R E  P U R G E  O N 0  M E T H O D  

a ARGON A R G O N  

0 H E L I U M  0 HELl U M  = Y E S  

~ ~~ 

PASS PRE- INTER PASS CURRENT VOLTAGE WELDING TIME 
OIA. LENGTH MINUTES NO.  HEAT TEMPERATURE AMPS. 

i 400'F ,150-175 12-14 3/321 

Fig. 3. Development record of welding procedure. 

M A C H I N I N G  COOLANT 
C O O L A N T  U S E 0  O N 0  

= Y E S  

POST- VISUAL LlOUlD RADIO. 
PENETRANT GRAPNY HEAT 

5 

6 

7 

8 

400°F 260-280 22 1/8 

400'F 260-28c 22 i / a  
400'F 260-280 22 1/8 

400°F 22W26C 22 1/8 

i o  

1 1  

1 2  

400'F 220-26C 16-20 118 
400'F 220-26C 18-20 1/8 
400'F 220-26C 18-20 118 
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of flaws oriented parallel to the pipe axis (longitudinal flaws). The 

inspection was performed from the outer surface of the specimen with a 

13-mm-diam 2.25-MHz search unit (SN 11768). A Lucite wedge provided a 

near 45" shear wave in the pipe wall. 

with the receiver turned to the 0.5- to 2.5-MHz position, provided a 

visual readout for the level 11 inspector. A lightweight machine oil 

was used for couplant. The specimen was placed horizontally on a four- 

wheel cradle to enable rotation. The pipe was rotated with one hand while 

the search unit was manipulated with the other. 

coverage, but the method has an inherent possibility of error (as do all 

nonmechanized scans). 

A USIP-11 commercial flaw detector, 

We attempted 100% 

Before the manual scanning, the instrument was calibrated with a 

similar size type 316 stainless steel pipe section (i.e., the only readily 

available specimen with the needed configuration). 

(a notch cut with a hacksaw), which varied in depth from zero to 2.8 mm 

(0.11 in.) in approximately a 0.l-m (4-in.) distance, was cut on the 

inner surface of the stainless steel specimen calibration section at one 

end. 

(2.5 in.) from the deep end, where the notch depth is about 1 mm 

(0.04 in.). 

A simulated flaw 

The ultrasonic system was calibrated at a distance of about 64 mm 

The approach that was dictated here (i.e., using a different material 

for transfer calibration) is valid only for specific narrow-range Cali- 

brated gain changes. Fortunately, no gain adjustments were necessary, and 

this fact adds confidence to this application. When we compared the two 

specimens by monitoring the amplitude of the signals from the pipe section 

end reflections at V/2, V, and 3V/2 sound paths, no measurable amplitude 

differences were observed (i.e., the attenuation properties for 2.25-MHz 

shear waves was nearly identical for these two particular specimens, and 

no gain adjustment was required). Machining marks produced many very 

small amplitude indications, but only one significant indication was 

detected in the 9 Cr-1 Mo section. This indication was about 220 mm 

(8 314 in.) from an end and was on the inner surface. The amplitude was 

about one-tenth that measured at the 1-mm (0.04-in.) saw-cut position. 
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Subsequently, minimal grinding of the visually detectable surface discon- 

tinuity located at this position reduced the reflecting area and removed 

the ultrasonic indication. 

In summary, a best-efforts approach (using a manual scan, pulse-echo, 

contact ultrasonic method) was employed to inspect the modified 9 Cr-1 Mo 

steel pipe section before welding. A transfer standard that contained a 
simulated flaw about 1 mrn (0.04 in.) deep was successfully used to cali- 

brate the inspection system. No indications equivalent to or greater than 

the response from the simulated flaw were detected. 

RADIOGRAPHIC EXAMINATION OF WELDS IN THE MODIFIED 9 Cr-1 Mo ARTICLE 

The girth welds at the ends of the section of modified 9 Cr-1 Mo 

steel pipe were radiographed. (These welds join the 9 Cr-1 Mo steel pipe 

to end pieces of type 304 stainless steel pipe.) 
accordance with the ASME Boiler and Pressure Vessel Code, Sect. V, 

Article 2. The film cassettes were placed on the curved inner surface of 

the pipe wall for the single-wall exposures. 

rotational intervals were made on each weld for one complete examination 

set. In addition to the code-required No. 15 penetrameter (thickness in 
thousandths of an inch), a No. 10 penetrameter was also placed on the 

weldment, and good image quality was evident. 

The procedures were in 

Five radiographs at 72' 

The first set of radiographs showed several areas of lack of fusion. 

These were confirmed to be on the inner surface of the weldment by both 

visual and penetrant examination. 

by welding personnel followed by radiography, the areas of lack of fusion 

were determined to be sufficiently reduced for shipment to ETEC for the 

intended test. The final radiographs and a copy of the inspection report 

were sent with the test article to ETEC. 

After two series of grinding operations 

Figure 7 represents the radiographic report containing additional 
radiographic parameters and the findings during film interpretation. 

Figure 8 shows the arrangement of film markers. 
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DRAWING NO.  W.O. NO. /CHARGE NO. M A T E R I A L  

0774 *See Below 
W E L D I N G  P R O C E D U R E  W E L D  SU R F A C E  C O N D I T I O N  

V .  K .  S i k h  I 10-2-82 I ETEC Na Test I ETEC 1 I 
THICKNESS W E L D  R E P O R T  NO. WELD ~ 0 . ~ 5  

0.500" nom. 
A C C E P T A N C E  C R I T E R I A  

I 
DRAWING NO.  W.O. NO. /CHARGE NO. M A T E R I A L  

0774 *See Below 
W E L D I N G  P R O C E D U R E  W E L D  SU R F A C E  C O N D I T I O N  

I 
THICKNESS W E L D  R E P O R T  NO. WELD ~ 0 . ~ 5  

0.500" nom. 
A C C E P T A N C E  C R I T E R I A  

X-RAY U N I T  "A" K V  M AM I SO T O P  E C U R I E - M I N .  
265 ---_ ---- 

F O C A L  SPOT O R S O U R C E  S I Z E  

5mm 

S I N G L E  W A L L  E X P .  S I N G L E  W A L L  V IEWING 

0 Ma 8 112" 
SOURCE-  FILM-01 ST AN CE 

F I L M ~ S C R E E N  F I L T E R  THICKNESS NO. E X P O S U R E S  
A R R A N G E M E N T  F R O N T  0.010" 

LRT Ill TO BE COMPLETED BY INTERPRETER 

0 D O U B L E  W A L L  EXP.  

Component and f i l m  to  J. King, 11-2-82 

UCN-9351  I3 12-751 

- 

Pb 
B A C K  @ Tube 10-M-20 0 D O U B L E  W A L L  V IEWING 

Fig. 7. Radiographic report on test article of modified 9 Cr-1 Mo 
steel. 

- I I I ~. - 1  

P E N E T R A M E T E R  S I Z E  6 M A T E R I A L  SHIM THICKNESS 

1/10 6 i l l5  steel ---- 
ASME B. 6 P . V . C .  S e c t .  V,  1980 E d i t i o n  

O R I E N T A T I O N  O F  L O C A T I O N  M A R K E R S  TECHNIQUE 

t S e e  below and at tached s e t c h  
D A T E  QUAL1  F I C A T I O N  

L E V E L  I1 
R A D I O G R A P H  E R 

Earl  V .  Davis 

I 
P E N E T R A M E T E R  S I Z E  6 M A T E R I A L  SHIM THICKNESS ---- 1/10 6 i l l5  steel 

I 

+See below and at tached s e t c h  

v L U Y S  , 
O R I E N T A T I O N  O F  L O C A T I O N  M A R K E R S  T E C H N I Q U E  

D A T E  R A D I O G R A P U F R  1 nl l l l  1 S l C A T l n N  

WELD 
NUMBER 

FILM AREA INTERPRETATION 
LOCATION (ACCEPT/REJECT) FLAW DESCRIPTION OR OTHER REMARKS 
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ORNL-DWG 83- l 8 f 3 8 R  

CW ROTATION (RADIOGRAPHIC) 

REFERENCE ZERO IS FACING END 
ALIGNED WITH THE WELD 
IDENTIFICATION NUMBERS 
I AND 2 STAMPED ON 
THE SAFE ENDS 

MARKERS MARKERS 
WELD 1 WELD 2 

FACING END 
WELD 1 

Fig. 8. Arrangement o€ film markers used during the radiography of 
the welded test article of modified 9 Cr-1 Mo steel. 

NONDESTRUCTIVE EXAMINATION STANDARD FOR IN-SERVICE INSPECTION 

A nondestructive examination standard was requested by ETEC for the 

in-service inspection of the test article. The modified 9 Cr-1 Mo archi- 

val article was used to prepare the nondestructive examination standard. 

The detailed sketch of the standard is given in Fig. 9 .  This standard was 

shipped to ETEC early in 1983. 

SHIPMENT OF THE TEST ARTICLE 

J. W. Hendricks delivered the test article to R. I. Jetter and 

Horace Neely of ETEC on October 4, 1982. The radiographs and inspection 

reports were delivered with the test article. Ultrasonic inspection of 

both welds of 9 Cr-1 Mo to type 304L stainless steel at ETEC gave results 

that compared favorably with the ORNL inspection report. The radiographs 

were returned to ORNL. The ETEC personnel were well pleased with the 

overall fit of the test article to their component and with the delivery, 

which was on schedule. 
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TENSILE PROPERTIES 

Tensile tests were conducted at room temperature, 93, 204, 316, 538, 

593, 649, and 760°C on the modified 9 Cr-1 Mo steel pipe used in the test 

article. The data are summarized in Table 3. 

stainless steel stock used for machining the safe ends were tensile tested 

at room temperature and at 593°C. 

data at room temperature are presented in Table 4. 

the modified 9 Cr-1 Mo/ERNiCr-3/304L joint unaged and after aging for 

2000 h at 510°C are summarized in Table 5 along with data on the modified 

9 Cr-1 Mo/ERNiCr-3/316 joint. Yield and ultimate tensile strength data on 

modified 9 Cr-1 Mo base metal, modified 9 Cr-1 Mo/ERNiCr-3/304L, modified 

9 Cr-1 Mo/ERNiCr-3/316, and modified 9 Cr-1 Mo/ERNiCr-3/304L aged for 

2000 h at 510°C are plotted as functions of test temperature in Figs. 10 

and 11. These figures show the following. 

Specimens of type 304L 

Our data along with the vendor-certified 

Tensile properties of 

1. Both 0.2% yield and ultimate tensile strengths of modified 

9 Cr-1 Mo/ERNiCr-3/304L and modified 9 Cr-1 Mo/ERNiCr-3/316 stainless 

Table 3. Tensile properties of modified 9 Cr-1 Mo pipe (Electralloy 
heat 10148) used in the fabrication of the Energy 

Technology Engineering Center test article 

Strength (ma) Elongation (%) Reduc- 
tion of Temper- 

Total in area 
25 mm (XI 

'ltimate Uniform 0.2% 
( " C )  Off set tensile 

Test ature 

23315 

23316 

23317 

23318 

23319 

23320 

23321 

23322 

23323 

25 

93 

204 

316 

427 

538 

593 

64 9 

760 

602.6 

569.6 

539.6 

525.8 

504.4 

411.5 

292.3 

202 .o 
72.8 

739.2 

687 -6 

652.6 

638.3 

595.5 

443.9 

340.6 

239.9 

96.7 

6.2 

5.6 

5.2 

4.4 

3.9 

1.8 

1.1 

2.1 

2.5 

26.8 

23.7 

21.8 

20.8 

16.7 

24.1 

37.2 

39.8 

56.6 

69 .I. 
72.9 

72.5 

71.4 

72.9 

86.6 

90 .o 
90.6 

93.4 
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Table 4. Tensile properties of type 3041, stainless steel 
(heat 696626) used for safe ending the modified 

9 Cr-1 Mo pipe installed in Energy 
Technology Engineering Center 

Strength (MPa) Elongation (%) Reduc- 
tion of Temper- 

Total in area 
(%> 

Uniform 25 mm 0.2% 
("C) Off set tensile 

Test ature 

Vendor 
25 207 510 65a 77 .o 

ORNL 
23413 25 268 577 74.7 88.8 85.2 

23483 593 145 318 31.2 44.4 65.3 

aElongation in 51-mm gage. 

Table 5. Tensile properties of transition joint in Energy 

modified 9 Cr-1 Mo and type 304L stainless steel 
Technology Engineering Center WTEC) pipe weld between 

(Tensile properties of a trial transition joint between 
modified 9 Cr-1 Mo and type 316 stainless 

steel are also included) 

Strength (ma) Elongation (%) Reduc- 
tion of Failure Temper- 

0.2% Ultimate Uniform Total in area location Test Specimen ature 

(OC) Offset tensile 25 nrm ( X )  

ETEC postwetd heat treated for  1 h at 732OC 
23580 1 25 304 569 30.46 38.65 79.95 304L 

23581 2 510 209 37 1 14.10 19.80 66.29 304L 

3 593 165 304 11.18 21 -95 86.69 9 Cr-1 Mo 23582 

9 C r - 1  M o / E R N z r - 3 / 3 1 6  s tainless  s t ee l  postwetd heat treated for  1 h at 732OC 

23583 1R 25 301 580 27.07 34.21 69.03 316 

23584 2R 510 192 429 14.34 21.61 77.32 9 Cr-1 Mo 

ETEC postwetd heat treated f o r  1 h at 732OC and aged 2000 h at 510°C 

23642 8 25 30 9 568 24.22 29.31 82.10 304L 

23643 9 510 195 37 1 11 -58 15.55 63.03 304L 
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Fig. 10. Yield strength (0.2%) plotted 
against test temperature for modified 9 Cr-1 Mo 
base metal and its welds to type 304L or 316 
stainless steel with ERNiCr-3 (182). Data on an 
aged dissimilar joint of modified 9 Cr-1 Mo/ 
ERNiCr-3/304L are also included. 

P 
4 

a 

A 

MOD. 9Cr-4Mo BASE METAL 
MOD. 9Cr - IMo/ I82 /304L  ETEC 
MOD. 9Cr-iMo/182/316 SS 

AGED 2000h AT 5109: 
MOD. 9Cr- IM0/182/304L ETEC 

0 
0 i 0 0 m 3 0 0 4 0 0 5 0 0 6 0 0 7 0 0 8 0 0  

TEST TEMPERATURE ("0 

Fig. 11. Ultimate tensile strength plotted 
against test temperature for modified 9 Cr-1 Mo 
base metal and its welds to type 304L or 316 
stainless steel with ERNiCr-3 (182). Data on an 
aged dissimilar joint for modified 9 Cr-1 Mo/ 
ERNiCr-3/304L are also included. 
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steel joints were lower than the corresponding values for the base metal 

for the entire test temperature range. The failures were generally in the 

stainless steel base metal. 

2. Thermal aging for 2000 h at 51OOC produced no change in the 

yield and ultimate tensile strengths of modified 9 Cr-1 Mo/ERNiCr-3/304L 

specimens. 

3. The total elongation values of weldment specimens were generally 

higher than those of the modified 9 Cr-1 Mo steel base metal. 

Data in Table 4 show that the yield strength, ultimate tensile 
strength, and total elongation of the type 304L stainless steel used for 

the safe ends far exceeds the minimum property requirements for type 304 

stainless steel. We believe that the higher strength of type 304L used 

here comes from its higher nitrogen content. The next section shows that 

the creep strength of the same type 304L also far exceeds the minimum prop- 

erties for type 304 stainless steel. 

CREEP DATA 

The creep test (test 23463) on heat 696626 of type 304L stainless 

steel used for safe ending the pipe was discontinued after 6416 h at 

172 MPa and 593°C. This is more than 30 times the minimum time to 

rupture of 210 h under the same conditions for type 304 stainless steel 

according to ASME Code Case N-47. Because of this result, we have planned 

not to conduct any additional creep tests on this material. 

The creep data on transition joints of modified 9 Cr-1 Mo/ERNiCr-3/ 

304L and modified 9 Cr-1 Mo/ERNiCr-3/316 are presented in Table 6. 

status of creep tests on transition joints compared with the modified 

9 Cr-1 Mo base metal data are given in Figs. 12 through 14. 

show that at 510°C the test in progress has already exceeded the curve for 

average minus twice the standard error of estimate (SEE) for the base 

metal. 

base metal. The other two tests are expected to fail in approximately 

10,000 and 30,000 h. 

average minus 2 SEE for the base metal. The creep data on modified 

9 Cr-1 Mo transition joints are also compared with similar data on 

2 1/4 Cr-1 Mo/ERNiCr-3 joints in Figs. 15 and 16. The minimum stress- 

rupture curves for 2 1/4 Cr-1 Mo and modified 9 Cr-1 Mo base metal are 

The 

These plots 

At 593°C three tests have exceeded the average minus 2 SEE for the 

At 649°C the only test in progress is close to the 
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Table 6. Creep data on modified 9 Cr-1 Mo 
steel transition joint specimens with 

ERNiCr-3 weld metal 

Temperature Stress Timea 
("C) (ma) ( h )  

Test 

23718 

23756 

23769 

23733 

23759 

Modified 9 Cr-I Mo/ERA%Cr-3/304L 

510 276 >1603 

593 172 >834 

593 124 >382 

593 97 >1197 

649 76 >787 

Modified 9 &-I Mo/ERN<Cr-3/316 

23762 593 172 >690.0 

23684 593 145 2304.2R 

aR, ruptured; > indicates test in progress. 

ORNL-DWG 83-17414.Q 

5 t O  O C  

MODIFIED 9Cr-tMo BASE METAL AVERAGE - - - AVERAGE - 2 .SEE 
0 - 9 Cr - 1 M o l 1 8 2  /304L  - INDICATES TEST IN PROGRESS 

Fig. 12. Stress-rupture plot at 510°C for transition joint specimens 
of 9 Cr-1 Mo/ERNiCr-3/304L. 
the base metal are included for comparison. 

Average and average minus 2 SEE curves for 
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Fig. 13. Stress-rupture plot at 593°C for transition joint specimens 
of 9 Cr-1 Mo/ERNiCr-3/304L and 9 Cr-1 Mo/ERNiCr-3/316. 
average minus 2 SEE curves for the base metal are included for 
comparison. 

Average and 

ORNL-DWG 83-47413R 
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649 O C  

MODIFIED 9Cr-4Mo BASE METAL AVERAGE --- AVERAGE - 2 SEE 
0 - 9 C r - t M o / 1 8 2 / 3 0 4 L  - INDICATES TEST IN PROGRESS 

Fig. 14. Stress-rupture plot at 649°C for transition joint specimens 
of 9 Cr-1 Mo/ERNiCr-3/304L. Average and average minus 2 SEE curves for 
the base metal are included for comparison. 
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Fig. 15. One creep test is in progress at 593°C and another was 
concluded on modified 9 Cr-1 Mo/ERNiCr-3/316 stainless steel weldment 
specimen. These tests exceeded by a large factor the rupture time 
expected from a similar weld with 2 1/4 Cr-1 Mo steel. 
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Fig. 16. One creep test is in progress at 51OOC on modified 
9 Cr-1 Mo/ERNiCr-3/304L stainless steel weldment specimen. The test has 
already exceeded the rupture time expected from a similar weld made with 
2 1/4 Cr-1 Mo steel. 
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A high-magnification micrograph of the interface with microhardness of 

various phases is shown in Fig. 19. This figure shows that the large- 

grain regions have significantly lower microhardness than do areas 

surrounding them. 

known. 

The reason for the large-grain regions is not yet 

Y- 19 0458 

I 20ym , 
Fig. 19. High magnification of the modified 9 Cr-1 Mo/ERNiCr-3 

interface. Microhardnesses of selected regions are included. 

SUMMARY AND CONCLUSIONS 

The fabrication, inspection, shipment, and mechanical properties of 

a modified 9 Cr-1 Mo steel test article for exposure in the sodium 

SCTL at ETEC are described in this report. The test article that was 
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. 
delivered consisted of a modified 9 Cr-1 Mo steel pipe 232 mm in diameter 

by 12.7-mm wall by 610 mm length. 

pieces of 152-mm length on each end. The joint between modified 9 Cr-1 Mo 

and type 304L was made with ERNiCr-3 filler wire. The entire test article 

was postweld heat treated 1 h at 732OC. 

ultrasonically inspected before use for this job. Radiography was used to 

inspect the welds between modified 9 Cr-1 Mo and type 304L stainless 

steel. The test article was delivered to ETEC on schedule on October 4, 

1982. After delivery of the test article to ETEC, we fabricated an addi- 

tional piece of the same dimensions according to the same procedure for 

archive purposes, mechanical property testing, and comparison with the 

actual test article after test. A part of this archive piece was also 

used in supplying a nondestructive examination standard for in-service 

inspection to ETEC. The archive specimen has been subjected to tensile 

testing, creep testing, microstructural examination, and thermal aging for 

2000 h at 51OoC. 

It was safe ended by type 304L spool 

Modified 9 Cr-1 Mo pipe was 

The following conclusions are possible from this study. 

1. The modified 9 Cr-1 Mo test article with two transition joints 

has been operating in the sodium loop at 51OoC since its installation in 

October 1982. 

2. Tensile properties of the type 304L stainless steel safe ends 

far exceed the vendor-certified data. The creep-rupture life of this 
type 304L also exceeds the ASME Code Case minimum for type 304 by over a 

factor of 30. 

3. The weldment tensile strength properties for all specimens were 

lower than those of modified 9 Cr-1 Mo base metal. The ductility of 

these specimens exceeded that of modified 9 Cr-1 Mo specimens. 

4. The creep-rupture life of weldment specimens was between the 

average and average minus 2 SEE for the base metal. 

5 .  The creep-rupture life of modified 9 Cr-1 Mo/ERNiCr-3/(304L or 

316) specimens exceeded by at least an order of magnitude that of similar 

specimens of 2 1/4 Cr-1 Mo steel. 
same behavior for long-term creep tests. 

6 .  Metallography showed large grains in the modified 9 Cr-1 Mo 

Tests are in progress to compare the 

heat-affected zone. The reasons for this structure are not yet known. 
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