PNC-TN9410 85-142

PR MK —T OB E A (PPIX13RUPPJ X 12) 0 AT 4 38 (4)

— Sy ¥4 YOk —

198547H

BON - AR EEMS
AW L % & v g —



BRUIZOREDAFIZONTL, FTRIZBEAWAEDELIEEN,
T311-13  FRRFRBER K YEET X FH ET4002
B 147 - AR BR R ¥R
KT HF B #— VAT ABRMEED - HATEEE

Enquires about copyright and reproduction should be addressed to: Technology
Management Section O-arai Engineering Center, Power Reactor and Nuclear Fuel
Development Corporation 4002 Narita—cho, O-arai-machi, Higashi-Ibaraki,

Ibaraki—-ken, 311-13, Japan

B 1iF - BREI B B 3 (Power Reactor and Nuclear Fuel Development

Corporation)




PNC-TN9410 85-142
1 9 85 FT74H

CEBEIMK — TFOBRIE AR (PPIX13R UPPIX12) O BS54 5K EA(4)
— T VI YDRER ——

REEES « fhigk— *
soAR ¢ eliER) * SR E v
Bl #* & B*

- = B
BERBL [HB] OFOERERORSEEAN, FASEERFLMEOBE > — 4 %155
RODOERO—RELT, MK-THFLTHERASh—EoESKT v Y794+ (SUS 316,
BEHRALAEES ) ISV THBBEBRARET> T, SRR LI » €Y7 74 ¥ 3EAKPPIX
13 RUPPIX 12 iICilA:AE 1T MK — 1 FlLoaBEBR @R s o, BHEERER 370
~519C, BRBHEBEIMK - IHAD 6.4 X 10%n/cm? (E > 0.1 MeV) TH -7, HBES
A PPIX 12 BEEIKEREZRTRICL, KBMBEESATORELETH S, BHIERRINE
ME, HENE, SEBSHEERVESHEOSHRIC>VTTY, Z0RREHCELATHS
11 &5 OF LR EEE (RE R~ 49X 1020,/ cm?) OBRSGRABER L 4HLE TR L 7
FUERRIRDOEBYTH S,
1) BEMOAREBEKNLSZHMNL T, FEEMEERLD
ThH-To CHODHEIRIMK - IBHEHTEOILF~4 ELTRERTH - K.
2) Az ) v TRBEHE?2 X 10%n/cm® THN, TOBRRBHEOHINE & b EigH g

Bohfkzzy 7z 2.8

Lo KHMORA ) v 3 THORZ ) v 7 E0ETFNS -1,
3) EERHSHEORE, TSR ICRIHOFTHMSRE D,
4) BEEIZAM LHR LSS v = 170 BERIM L 72,
5) Ao 7KkEFORITKPBEE L EESEPPIX 1207 4 ¥ ORBFER TR, oLk

LB LTSI bR - T,

¥ OKBEILEx vy — BRI SEBEREE MR SRS
*F FEEFHTHHBRE ¥ —



PNC-TN9410 85-142
July, 1985

Post-Irradiation Examination on Wrapping Wire Used in "JOYO" MK-I

Core Subassembly (PPJX13 & PPJIX12)

H. Suzuki#*, Y. Sato*, H. Yoshimochi##
Y. Oka*, S. Tani* and S. Yuhara®

Abstract

Post-irradiation examination on the wrapping wire was carried out
to make sure the performance of core materials of the fast experimental
reactor "JOYO" and to know the behavior of FBR core materials after
irradiation., The wrapping wires were fabricated into the subassembly
PPJX13 and PPJX12, and irradiated at 370 v 519°C up to the fast neutron
fluence of 6.4 x 1022 n/cm® (E>0.1 MeV), The subassembly PPJX12 was
not fully washed by water and stored in the pool. Diameter measure-
ment, density measurement, metallurgical test and hardness test were
performed and the data obtained were compared with previous data. The
results are summarized as follows,

1 The maximum increase in diameter and maximum swelling by density
change are observed to be about 1.5% and about 2.8%, respectively.

2) Swelling increases rapidly as the fluence increases over the
fluence of 2.0 X 10%%? n/cm®. The material manuractured by K
swells less than that by T.

3) Precipitation of carbide is observed on grain boundaries.

4) The maximum increase in Vickers hardness Hv is 170.

5) Subassembly PPJX12, which was not fully washed and then stored in
the water pool, shows no peculiar PIE results compared with other

subassemblies.

% Material Monitoring Section, Fuel and Material Division,
O-arai Engiﬁeering Center, PNC.

%%  Nuclear Power Engineering Test Center,
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Table 1. Mill sheet of wrapping wire (PPJX13, Lot No. K0O1).

*kk

Chemical Analysis and Destructive Test sxx

(Maker's Data)

Lot No. = KOOT

Soln | Treatment | Cold work TEST SAMPLE
Tenp Time PRODUCT Ingot Raw tube
P .
1100°C] 2 min 0% M [@ [ @ [ 6) [6)
QQO01 | 0007 | 0001 | 0007 | 0GOY | 0007 5
#%% rhemical composition (JOYO STD %2.1 & *2,2) ***
C $i Mn P S Ni Cr Mo Co B N AL As Cu [Nb+Ta ¥
Spec. | Max. (W/0){0.08|0.75] 2.00 {0.03 [0.03 {14.001} 18.00 3.00} 0.10( 0.001 | 0.035 - - - - -
Min. (W/0)[0.04 | - 1.580 | -~ - 11.00 | 16.00 | 2.00| - - - - - - - -
Ingot .06 | .53 1.54 .017] .010{12.92(16.36 (| 2.32 .04 | .0003 0224 - - - - -
Product {1) .06 541 1.55 .018| .008|12.82( 16.5Q [ 2.34 .04 | <.0010 L0180t .0230 | .0040 | .0280|<.0010 L0170
Product (2) o6 | .53]1.53 ] .o1a] .o1ol12.89| 16.50 | 2.34| .04|<.Q010| .0172| 0230 .0040 .0280(< .0010] .0170
**% Tensile properties (JOYQ STD *4.1 & *4.2) #%*
ROOM TEMP _ 650°C
Tensile |0.2% Y.5.}{ Elong. | Reduction | Fracture Tensile |0.2% Y.S.| Elong. | Reduction | Fracture
strength |(offset) position Strength |({offset) position
Spec. _ - _
Max. 80 - - - -
Min. 55 - 30 - - - - -
{KG&/mm**2 (%) {KG/mm**2 (%)
Product| Product
. - - . - 2 - B
) 68.5 54 A (1) 4.7 3
Product| Product
- - . - - B
(2) 68.5 55 B (2) 35.5 34
k% [nclusions (JOYO STD #3,1) *** #x% Grafn Size (JOYO STD #3.2) *#*
Type-A Type-B Type-C Type-D . :
M e M o w [ W Circunf Axial
Raw Tabe | 1.5 1.0 ] .0 .0]1.0 .0 1.0 .0 ) 8.0 8.0
Product (1) | 0 0] 0 0| .0 0| .0 .0 2 8.0 8.0
Product (2) .0 .0 .0 .0 o .0 .0 .0

#%% ntergranuare Attack (JOYQ STD *3.3) ***

(1 1

{2) 1

*%% |rapping Test {JOY0 STD *4.3)

(1)

1

{2)

1

*h%x

¢V1-98 OIV6NL-ONd
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Table 2. Mi1l sheet of wrapping wire (PPJX12, Lot No. T0O1),

**%  Intergranular Attack (JOYO STD #3.3)

(1)

1

(2)

1

kdk

**% Chemical Analysis and Destructive Test *** Lot No. = T00]
(Maker's Data)
Soln |Treatment Cold work TEST SAMPLE
13235é :’m? = PRODUCT Ingot | Raw tube
min (1) [(2) | (3) | (4) | (5) | (6)
0024 | 0026 | 0024 | 0026 | 0024 ) 0026 G-148
**%  Chemical composition (JOYO STD *2.1 & *2.2} #*%* :
C Si Mn B S Ni Cr Mo Co B N Al As Cu Nb+Ta v
Spec.|Max. (W/0) [0.08]| 0.75{ 2.00 [ 0.03 |0.03 |14.00| 18.00| 3.00| 0.10| 0.001 | 0.035 - - - - -
Min. (W/0) |0.04| - 1.50 - - [11.00 | 16.00 | 2.00( - - = = = = = =
Ingot 06| .46( 1.78| .004| .011|13.18 ([ 16.95| 2.41 .02 .ooo04f .0210| - - - - -
Product (1) 07| .52 1.77| .003| .006{13.18|16.97!2.32] ..02( .0004| .0210( .0030( .0700 | .D0BO[<.0100 |<.0010
Product (2) 07} .50 1.77| .003| .005|13.18{16.95| 2.35 .02 L0004 .0220( .0030( .0100 | .0080|<.0100 |<.0010
*#**% Tensile Properties (JOYO STD *4.71 & #4.2) *%*
ROOM TEMP 650°C
Tensile |[0.2% Y.S5.| Elong. | Reduction| Fracture Tensile 0.2% Y.S.; Elong. | Reduction [ Fracture
strength | (offset) position strength |(offset} position
Spec. R _ ~ _ _ _ _
Max. a0
Min. 55 - 30 - - = = =
(KG/MM**2) (%) (KG/MM**2 (%)
Product Product
; - - 51. = 22 = A
(1) 7.2 49 A (1) Tt
Product Product -
(2) 70.8 - 47 - B (2) 53.4 - 24 - A
*#** Inclusions ({JOYO STD *3.1) **x *%%  Grain Size (JOYO STD *3.2) *#*
Type-A Type-B Type-C Type-D Circufm. Axial
(M MW [N WL [ m w 0 5 3.0
Raw Tube 00 .0 .0 .0 .0 .0 .0 .0 {2)
Product (1) .0 .0 .0 .0 .0 .0 (1.0 .0
Product (2)| .0 .0 0.0 .0 .0f1.0 .o

*%%  Wrapping Test (JOY0D STD *4,3) *#+

(1)

1

(2}

1

¢V1-98 OTV6NL-ONd
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Table 3. Test item of irradiated wrapping wire (PPJX13, Lot No. K001),

. Irradiation | Neutron Fluence
o | | e | Tewemore | (100w | rien
5345H1% 65v 185 | 119 370 0.27 0D
5345W11* | 106 185 | 79 370 0.32 D
5345W12% | 79v 106 | 27 370 0.19 M, H
5345W13% | 65, 76| 13 370 0.12 -
5345K2 592+ 672 | 75 41 5.93 0D, D
53453 672 772 | 99 436 6.39 0D
5345H31 672v 743 | 70 432 6.35 D
5345032 | 743v 772 29 448 6.39 M, H
534504 803v 912 | 106 474 5.90 oD
5345041 803v 894 | 91 472 5.97 D
534542 | 894w 912| 15 486 5,45 .
53455 93201022 | 87 503 4.47 0D
5345151 932v 999 | 67 501 4.64 D
5345W52 | 99901022 | 23 510 3.98 M, H
5345W6 10621132 65 519 2.35 0D, D

*  Reference ** Distance from pin bottom

Fkk

: Density

0D : OQuter diameter

M : Metallurgical

H : Hardness
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Table 4, Test item of irradiated wrapping wire (PPIX12, Lot No. T001).
Nanber | O7F8™ | Length %;Egg’élﬁﬂ. N(Eomr?v) L
6756W1A 85v 115 30 - - -
6756W1B* 65v 85 20 370 015 H, OM
6756W12*% 115%v 185 70 370 0.33 0D, D
6756W21 592V 602 10 - - -
6756W22 602v 672 70 412 5,82 0D, D
6756W31 672n 702 30 425 6.13 H, OM
6756W32 702 772 70 439 6.24 0D, D
6756W41 802v 842 40 - - -
6756W42 842v 912 70 477 5.57 0D, D
6756W51 932~ 952 20 492 4.83 H, OM
6756W52 9521022 70 502 4.20 0b, D
6756W6 10621132 70 518 2.27 0D, D

*  Reference

Kk

D

: Density

0D : Outer diameter

** Distance from Pin Bottom

M

: Metallurgical

H : Hardness
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Table 5. Diameter of irradiated wrapping wire (PPJX13),

Specimen | DFPB of } Irrad. Temp. - Each Measured Values Adopted | Dia. Change *4
No. Specimen |MNeutron Fluence L = 30 mm *g = 35 mm Value | for Reference | Swelling
(Lot No.)|  {mm) (1022n/cn?) | 6%%=0° 45° 90° 135° 180° 225° 270° 3157 | 6%*=0° 45° 90° 135° 180° 225° 270° 315° | (mm) (%) (%)
?E33?3*** s s O T e P e e | e ey e 20| % ; 0.0
oo | ezl gl 1208 T2 0 PN a6 % ol P 208 08 P a0s o] 14208 0.4z 1.3
?ﬁ%¥§ 672 172 23" L2]1L215L209L21“-Z]ﬂ.21;'209L2041-20%.20;.210L21J'20%.ZIOLZO%.207 121 10 3.0
toon) | 2o 912 g?g;t B2 e e B T e ] 1RV 18 4.3
?iggﬁﬁ 9321022 ot 1'2051.201]2041.204]'2031.2021'2031.202 ]'2001.2011'2041.2021'2011.201]'2021.201 1.203 0.33 1.0
(oot | 1062132 25 1JgBLzooLZOOLzooLZO%.203'20%.2031'20%.20“'201L20;'200L200'20%.204 1.201 0.17 0.51

*  Bottom m——m

— Top

***% Reference

**  Measured Angle

#4 Swelling = 3 x Diameter change

¢V1-98 OTIV6NL-IONd



Jable 6. Diameter of irradiated wrapping wire (PPJX12).

Specimen ]E:LGﬁaggﬁ Irra?ac{emp Distance from Bo* (mm) Ayerage Dia.fgﬁange *3
(Eg?bﬁg.) Bottom | Neutron Fluence D1?m§§er Reference Sw?%}ing
(mm) (10%2n/cm? ) 0 5 10 15 20 25 30 35 40 45 50 5§ (%)

Toon) | 112w 188 033 2065 205 P 1206 2% 1203 TP 1 o0e VP g0n % 1 08| 1208 — 0.0
(Toon;. | 599 671 5 82 s T T T a0e T g 0g P | 1202 0-7 2.1
tromy. | 695V 769 e e e P T e Ty T g | 1208 0-8 2.4
togn). | 8o 912 547 A0 s s E e T s T g E s | 1208 0-9 2.7
156152 | 9501022 502 I T R LI K 0.3 0.9
toory | oen1 27 2 20s P 1208 P 1 zon P 106 TP vi20n T g 200 1208 0.0 0.0

* Bottom + Wire — Top

L—?mm-| -
Bo
**% Reference

*3

Swelling = 3 » Dia. change

¢V1-98 OTVENL-IONd
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*

*%

Table 7- Density of irradiated wrapping wire (PPJX13),

= — ; 3
SpEL&men DFpB** %g;aglgilgg 1Elﬁﬁ?g;2 Length | Weight Density (g/cm’) Swelling***
(Lot 36 ) {mm) p(“C) (E>0.] Mev) (mm} (9) Measured Values | Average ()

7.967
7.969
BIASWLI* & 446n 185 370 0.32 79 0.7 7.972 7.971 -
(koo1) 7.969
7.978
7.836
7.827
[
?i30$§ 592n, 672 4711 5.93 77 0.69 7.827 7.830 1.8
7.831
7.831
7.755
'- 7.757
r -
?ﬁég?f‘ 672,743 432 6.35 71 0.64 T 775, 28
7.754
7.751
7.763
7.767
5345441 803~ 894 472 5.97 01 0.84 7.760 7.764 2.7
(koo1) 7.764
7.764
7.922
7.924
?233??] 932~ 999 501 4.64 67 0.81 7.919 7.92» 0.6
7.919
7.926
7.962
7.962
5345U6
1062132 519 2.35 67 0.60 7.964 7.962 0.1
(koo1) 7.967
7.955
: ref - pirr
Reference k% Swelling (%) = ——————

Distance from pin bottom

o

Pref

irr

p

irr

* density of reference specimen

: density of irradiated specimen

GV1-98 OTV6NL-ONd



Table 8. Density of irradiated wrapping wire (PPJX12) .

Specimen
No.
{Lot No.)

DFPB **
(mm})

Irradiation
Temperature

(°c)

(

Fluence’
1022n/cm2)
E>0.1 MeV

Length
(mm)

Density (g/cm?)

Measured Yaiues

Average

SweTling
(%)

6756W12*
(T001)

115v 185

370

0.33

71

0.63

7.972

7.973

7.971

7.969

7.954

7.968

675622
(T001)

602v 672

412

5.82

72

0.64

7.842

7.862

7.851

7.849

7.846

7.85

1.5

675632
(T001)

702~ 772

439

6.24

74

0.66

7.775

7.775

7.773

7.766

7.765

7.771

2.6

6756W42
(T001)

842~ 912

477

5.57

73

0.65

7.754

7.747

7.746

7.750

7.751

7.75,

2.8

6756W52
(T001)

95211022

502

4.20

72

0.64

7.871

7.866

7.874

7.867

7.879

7.87

1.3

675646
(To01)

106201132

515

2.27

70

0.64

7.931

7.937

7.932

7.940

7.930

7.93y

0.5

* PReference

** Distance from pin bottom

GV1-98 OIV6NL-ONd
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Table 9. Swelling of irradiated wrapping wire (PPJX13, PPJX12).

Fab. No. %2;;21:%332 Neutgon Fluence Swelling (%)
(Lot No.) (°¢) (n/cm?, E>0.1 MeV) AY/V* 34D/ D**
370 0.32x10%% 0.0 0.0
411 5.93x10%2 1.8 1.3
?Egg}? 832 6. 35x1022 2.8 3.0
472 5.97x10%% 2.7 4.5
501 4,64x10%2 0.6 1.0
519 2.35%10%? 0.1 0.5
370 0.33x10%2 0.0 0.0
412 5.82x10%* 1.5 2.1
439 6.24x1022 2.6 2.4
E$gé§§ | 477 5.57x1022 2.8 2.7
502 4.20x1022 1.3 0.9
515 2.27x1022 0.5 0.0

* by density

*% by diameteyr
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Table 10. Hardness of frradiated wrapping wire (PPJX13).

Hardness Hv
Neutron Fluence
Specimen No. | (E>0.1 MeV) (5009 Toaded)
(Lot No.) Irradiation No. | Measured | Average Note
Temperature Values
C) 179
5345W12* | 0.19x1022n/cme | @ 172 174
(ko01) 370°C @ | s
@ 173
® 170
@ 318
312
5345432 6.39x10%2n/ cm’ ©
nagoc ® | 30 311
(KOOT) C) 307
® 315
0, 253
@ 249
5345052 3.98x1022n/cm2 @ 258 259
(Koo1) >10%C @ 262
® | 273

* Reference
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Table 11. Hardness of irradiated wrapping wire (PPJX12).

Neutron Fluence Hardness Hy
Specimen No. (E>0.1 MeV) (500g Toaded) Note
(Lot No.) Irradiation
Temperature No. | Measured | Average

@ 196

6756W1B* 0.15x10%2n/cm? © 189

(Too1) - 370°C © 1 1% D
®| 1o @ Q.5
® 198
@] 315 o
@) 315

6756W31 6.13x10%%n/cm? 3 318 315

(TOO1) 425°C @ 309
® 315
D | 266
@) 276

6756W51 4.83x10%2n/cm? ) 264 269

(TOO01) 492°(C ® 573
©) 268

* Reference
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"J0Y0" MK-I Core Map

PPJX13
B D (000)
PPJX12 E
(101) A
A / E F
F

Fig. 1. Subassembly (PPJX13 and PPJX12)
orientation in core
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: PPJX13
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Fig. 2. Location of the pin in the subassembly

(PPJX13 and PPJX12).
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Bottom Top
1910
5
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_ ‘BOO‘j
762 —=]
Core Center

8 upper end plug SUS 316

7 sleeve SUS 316

6 plenum spring SUS 316

5 cladding tube SUS 316 I.D. 5.6¢ , 0.D. 6.3¢
4 core pellet PuC2-U02

3 blanket pellet U0z

2 wrapping wire SUS 316 1.2¢

1 lower end plug SUS 316

No parts name material remarks

Fig. 3, JOYO MK-I core fuel pin .
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Fig. 4. Irradiation condition and sampling position of wrapping wire (PPJX13 and PPJX12).
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Bottom — - Top
5345W13  5345W12 5345W11
P NNNNXNAXNANNNNNNNNNNNN ool i
5345W1 =13 —f— 27 : 79
119
65 (DFPB)
AOUNA AR R AR R AR R AR AR R R TR TR R R R R R R S R e e Ly
5345W2
75
592 (DFPB)
5345W3] 5345W32
A A A S S S SN A
5345W3 10 29
99
672 (DFPB)
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N A e L AL A R AR A R AR e
5345W4 97 15—~
106
802 (DFPB)
5345U51 5345K52
—— Ny I e
5345W5 67 20
87
932 (DFPB)
5345W6 65

1062 (DFPB)

Fig. 5. Sampling position of wrapping wires
(PPJX]SSJ. Wire length are measured values,
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Bottom
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Fig. 6. Sampling position of wrapping wires (PPIX12).
Wire length are measured values,
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Spec. No. 6756W12 Average : 1.204
1.210- :
E L
E .
_1.205]
3 L
a |
= X
i~ .200:~
109 . , L | .
Axial Distance (mm) 10 20 [30 40 50 60 70 80
DFPB : 147.5mm
Spec. No. 6756W22 Average : 1.212
=1.220r-
& N
5 [
£1.218k
g B
a 8
1.210F
1,205}
i 1 i L ,}I 1 [ 1 1 ]
Axial Distance {mm) 10 20 ?0 40 50 60 70 80
DFPB : 635.0 mm
Spec. No. 6756W32 Average : 1.214
=1.220
£ )
. N
8 o
@
v N
I‘U B
o C
1.2100
]'205—— : 1 - L ) 1 L ! ; ) ]
Axial Distance (mm) 10 20 30 40 50 60 70 80

Fig. 7 (1),

pFpel : 732.0 mm

Diameter measurement results of wrapping wire

(PPIX12).
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Spec. No. 6756W42

14225

_1.220

1.215

Diameter (mm

é

1.210

Average : 1.215

1 ‘
Axial Distance (mm) 10 20 30 40 50 60 70 80
DFPB : 875.5 mm
Spec. No. 6756W52 Average : 1.208
_l.ask
E
E A
E'L210}
w i
-% I
= 1,205+
1.200}
B 3 1 i 1 | | i 1 1 | n i
Axial Distance (nm) 10 20 |30 40 50 60 70 80
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Spec. No. 6756W6 Average : 1.204
< C
=
b 1.205Sx\\\\h___///”\\\,,,/”"\\\_________
= -
’I'U [~
= §
1.2001
1.195 i 1 . \ ; Lo P, ] P
Axial Distance (mm) 10 20 T30 40 50 60 70 80
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Fig: 7 {2).

Diameter measurement results of wrapping wire

(PPIX12),
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123
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Core Center
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Fig. 8, Diameter profile of irradiated wrapping wire

(PPJXT3 and PPJX12) |

1400

Irradiation Temperature (°C)
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0 ! l /// I { ! 1 I
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Fig. 9. Diameter change of irradiated wrapping wire as a function

of fluence,
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Fig. 10. Diameter change of irradiated wrapping wire as a function of irradiation temperature.
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| I I I |
3.0 : —o0—— PPIX13
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1.0 -
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4.0f y - 400

— e — amme — - —
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0 | ! | L | !
0 200 400 600 . 800 1000 1200 1400
Distance from fuel bottom (mm)

Fig. 11. Swelling profile of irradiated wrapping wire PPJX13 and
PPJX12 by density data.
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Irradiation Temperature (°C)
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Fig. 12. Density of irradiated wrapping wire as @ function of fluence.
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Fig. 13. Density of irradiated wrapping wire as a function of irradiation temperature,
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Fig. 14, Swelling of irradiated wrapping wire as a function of fluence (by density data).
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Fig. 16. Relationship between volume change and diameter change of

irradiated wrapping wire,
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Fig. 17. Precipitation of carbide in irradiated wrapping wire.
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Fig. 18, Hardness profile of irradiated wrapping wife PPJXT3 and PPJX12.
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Fig. 19. Hardness of irradiated wrapping wire as a function of fluence.
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X100 25y

Photo. 1. Micrographs of wrapping wire 5345W12 (reference)
irradiated to the fluence of 0.2 x 10%2n/cm® at
370°C (PPJX13).
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Photo. 2. Micrographs of wrapping wire 5345W32 irradiated to the
fluence of 6.4 x 10%%n/cm? at 446°C (PPJX13).
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Photo. 3.1. Micrographs of wrapging wire 5345W52 irradiated to the
fluence of 4.0 % 10%2n/cm® at 509°C (PPJX13).
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Wear mark
(550u)

Photo. 3.2. Micrographs of wrapping wire 5345W52 irradiated to the
fluence of 4.0 x 10*%n/cm® at 509°C (PPJX13).
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