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Conception, Definition, MEasuring Procedure_of Grain Size

= A grain size diameter determination of a U0, pellet —

2

Kazuaki YANAGISAWA
Division of Reactor Safety, Tokai, JAERI
( Received November 2%, 1976 )

The conception, definition, measuring procedure of " Grain Size " were
surveyed. A concept "grain diameter" was introduced after deriving a
calculation formmla for the grain diameter for using the Comparison

(simple) and Intercept( detailed) procedure.
As an example and putting into practice, the grain diameter determi;
nation was carried out by means of the Comparison procedure for a U02

pellet used in a densification experiment.
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Table 1. Dependent factor of Grain Size

Dimensions of the measurement
Dimensions of the

Grain Size (1) linear (2) plane _(3) space
(1) linear .. length cutted by dy . d%ameter of Dv. diameter of
sphere circular cross sphere
- section
(2) plane A, area of circular §. area of surface

cross section

{(3) space V. volume of sphere
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Table 2. Comparison between calculated and practical arithmetical

JAERI-M 6839

value of grain size

Arithmetical value of grain size HA

calculation practice
pure Cu 20 21
a brass (727% Cu) 41 38
a " (67% Cu) 3L 32
a " {63% Cu) ‘11 11
" (56% Cu, 0.5% Al, 28 27
0.5% Pb, others Zn) 28 27
Austenitic steel (18-8) 34 34
99.99
99,95
ot
99.5 DvA :
2
95 :
g y/d
o /V/
g 4
g »
& 50 Y
= i
¥
**’
/
0 %4
g /4
= /s
8 l i:.,
< 0.5 ro
0.1
0.01

- Fig.2 Diagram of Grain Size Classification v

6 7 8 9 10 11 1213 14

Grain Size Classification

Accumulated Frequency

Diameter, dA' which is measured from
459 grain particles of Austenitic

steel and Dv' is the calculated value

dA'.
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Grain Size Classification

Fig.3 The Outline of distributed curve
with various dimensions

3 *ﬁfﬁaﬁ[fgﬂoﬁ:’:%(Deﬂnition of the Grain Size)

zm&ﬁmﬁféﬁmé%%ﬁﬁtmému,ﬁ?mmm1o@$$£ﬁf5ct.%né
E%?%waafmmxéwbﬁﬁfaéoLmﬁﬁ&%ﬁ—ﬂmﬂﬁmﬁﬁb.m BT
B e 0B NE L b MENEGELGANES R T OEES—FEFN T BT 2HE
woit%ﬁﬁammm—mmmm%mﬁﬁ%ﬂ«écaz&%m,Lndﬁﬁwaowﬂm
ﬁ%&®%%ﬂﬁ?&éobm%l§$£®tm€ﬁﬁmééééuﬁuﬁ$§ﬁﬁéoLﬁ
mofﬁme@T%#mﬁﬁﬁﬁﬁiﬁﬁmﬁZﬁm&méo

Al BB ERT 2 EE - BE I&%@vmnTwabeI&m51“meﬁ5
2 5icitAS TMEB® spze”

%<®%é,%ﬁ@@@&ﬁmﬂﬁﬂ%&%@%ﬁ%ménéobmb%mﬁ%ﬁmfaﬁ
Efﬁmtﬂﬁ%%mquﬂ@&E%ﬂ%nfmmmo%@@ﬁ@@mm;ofuzo%ﬁ
R DMEMSELSCELELLNE, LD o THBREREDLIURTH LT,
TowENEHNWTE @;1K# EEALAFRTAMENICEEZFLUTE LI

* SBREEE6TIIS, ASTMEBHEDONAWLS R Tl R P 0 o M

*»x 6 15K
— & -



JAERI-M 6839

99.99 :
99.95 v
/P
99,5 - 4
/ 1/
///j
~ 95
e y
= y.yAVA
> /A
&)
g y./4
% [/
2 50
/’
S A
A /A
3 10 A/
2 4
g 5 .
2 /
3 7
0.5
0.1
0.01

Grain Size Classification

Fig.3 The Outline of distributed curve
with various dimensions

3 ﬁ%;ﬁaﬁﬁ@ %%(Deﬁnition of the Grain Size)
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Table 3. Geometrical mean of the grain size distribution
(From ASTM comparison table)

arithmetical geometrical
Mean
g g
45 26.6
50 32.6
60 41.7
70 51.0
90 64.5
120 81.0
150 80.7
200 116.0
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3.2 HBEECESR
PHEECEOBEN CRECEU 2 (BBEO LN L ENAS LT HEN L, EELLT
LD B BB, 1B~ C AT L b DERA Lo
A, 8, B&E - oRGHEE () mm® ]
N FECL--HBRB(EXL) OHARI H 700 DY EEEX  (E/hm]
£ AR (=1/Ny) [mm ]
ST B EARATHEIHNELEET B,

S, = 2N ' HE)
2 '
-2 | 16

T bbb, HENELHUKE SV ORBOERCHoLEHILTERAATHLZ CHITL,
SRR EERDG, BLORWCRIBEREHBU D<o ZOEBADOEHERIT. BENDOLR
EMRTLETHENIRAGHLFTORL2(ERBUEC KEIDALEHFTELENIT LT
HBo LANL(1/Z) 32NN ER L THETCEIBTHImE, 2FTILHL
FEESOEAD S BE NS Lo THRENE SV 2B8, Chn b Ny WBE& L
FEBOHEICE 2T 50 1 22 THDRTVEMBEON, &I BIZTTRAERNTHO,
AETENCEL EANLEBE G AR ORONEBENOERLE, B9 - £ K¥E @BF
Z09BTCILE bIL L.

4 H BN EOUE
{ Measurement of the Grain Size)

SRR BRI N B OFBICIRT 34, BEOEHNREELE LTRRO 3 D55
oiido
1) #EREOHHOREFLCE I LD
@) HY¥ECEIC Do
8 H&HEILESICHD,
CONECESCGREMFS R L CTable 4 £RTo

Table '4. An applicable field of an various grain size measuring method

Measuring Procedure An Applicable Extent

Grain size distribution | A basic study, especially a problem of the grain
size.

A basic study for the other physcial property.

Counting proceduré : High~class industrial study.

Comparison procedure A normal study.

» S, DHEROEA, BAomEEI L 22 (AR EBRI A
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Ny FEBICE oo ABE (EXL) ORMBES £ 0 OPHFHEER  (H/mm)
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Sv: ZNL 05
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== 16

THDOLL, EENELHOABELIORBOEAE CHODZHILTERAATH L. CHITT,
2IRITHIEE &R, BLURWTCRTBRER LB 2(o ZOEERAOHHI, HENOL
BEEHETETHNINEFHPETORE L BENULK XEIDALKRET 2L WLIT ET
Bdo Lnd N (1/7) R2RTEOUOGTEELTHETEERTHIDS, SETERD
FEIESOBEADS S SFEVEL. Lo THRANE & -88, Chp b N, KEEL
FEBROMEILE 2T B0 122 THDRTNEHNCONL & WA BT HEERTHO,
AETENCEL HFOAB LT ORVNBBEZENVERL. §9-£9 - B¥ - ¢BE
HOAFCIHEB L

4 &5 SR E ol

(Measurement of the Grain Size)
SEEHER RO Ny & O RCIURT 205, BEKKTREEE LTRIRD3 D5
HiLdo '
1) #HINEBEODHTORECHE I Do
@ BH¥HEIZEI{ Do
B8 hBHEirEICED.
COREICESCGRHABARIC LT Table 4 KRTo

Table '4. An applicable field of an various grain size measuring method

Measuring Procedure An Applicable Extent

Grain size distribution | A basic study, especially & problem of the grain
size.

A basic study for the other physcial preperty.

Counting procedure High-class industrial study.

Comparison prccedure A normal study.

*» S,0BHEXOBA, B DFHE I 22 (& 2BRBXH L0
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41 BREESHORECESCHOD
COFERIDI DOBEM KIS AEATL Yo ZORKNERE d~c)KFTo
a) BREEATSTLEEZHADLE D o
b) ERZGDHENTEDREE X I, S,
o Frrr— 9 cmig,
a)~c) & bHBEBEHIDIODOEI LML LN, REOHIZTRUO~@DHT
BLTChANBRLEIITOBEBNDLoMINTHO, EBNMHELUACEHETOALILLY.

4.2 FHEEICES(HOD
OB o000 st oz
¢ @fﬁﬁ%%&5o){Planimetric (or Jeffries) Procedure)
&) {9]%?&51) (Intercept {or Heyn) Procedure)
D2I3THbo
4,21 MEEE
1) HEHE
M) 5000mm* DHEEZ G OPMAIAIEEELZERLMT OHF 7 2 Lt B LTzl
H5 0B LSRN EZLIHET Lo
@ TBEEAEDOULEA>THLERNDOER LR 2. BRTXKELTWHAfERIIZ2
E1DEMA D -
Y RiIEEHIREIREL, FHEAESRT 2.
& EHEAERS, FTOBRICEE LT, Table 5 2BRBL, =7V - XHZHEES
Zo

Table 5 Relationship Between Magnification Used and Jeffries' Multiplier,
f, for an Area of 5000 mm? (a Circle of 79.8-mm Diameter)

Jeffries' Multiplier,

Magnification Used, M f, to Obtain Grains/mm?2

1 0.0002
10 0.02
25 0.125
50 0.5
758 1.125

100 2.0
150 4.5
200 8.0
250 12.5
300 18.0
500 50.0
750 112.5
1000 200.0

a At 75 diameters magnification, Jeffries' multiplier, f,
becomes unity if the area used is 3625 mm? (a circle of
84 .5-mm diameter). )
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Fig.4 Relationship between n and N
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Table 6. Grain size determination used various measuring procedure

= : used grain standard
~ Measuring procedure time particle result deviatien examiner magnitude
' numbers

grain size PLARIMEETIC a0 250 42 2 1 210
procedure

distribution PrATE;PTESS 64 150-300 43 2 6 155
planimetric .4 ‘50300 44 10 9 108

counting .
intercept 10 150-300 42 12 6 108
ASTM 1 50 17 6 108

comparison :
TRM* 1 58 i; 6 108

R

* used in Europe especially ferrous materials.
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6 FESLRE < BHRECET AT IS L ASTM L O
(Comparison of JIS and ASTM with Grain Size or
Grain Diameter etc - )

61 WENME ' :
Table 8,9 T I8 roam L7 %5 S M (B 5 %4, Table 10icASTM ) 1o
B LiEhaRTe Table 8 INEEENIZHT AN, Na (1/A), n OERT,
Table 9 it NiCd 2 X4 Rdo —ROBMIELBICE D &N =5 2B LTRRN &M
KigRic 5T TS, Table 10ZASTMEN3IA L7 Nty 284« DBOBHEEZRT o
FEABRBECHEALTNA LD —HKIFTT B U TUHBECHRLLBOIIS EASTM
EDHBEETIE Do '
6.1 1 HUEKBETONFH . .
Table 8 & 10D () DFNCHIET B HHEARI IS TR
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Ny (JIS)=520000 (L mm?*]

Ny (ASTM}=707000  [{H/ mm*]
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Table 8. Grain size relationships (part 1)

Grain size | Nominal grains Nominal grains | Average Number
number per (25mm)2 at | per mm? at at Grains per
x100 x1 mm >
N n Na Nv
-3 0.0625 1 0.7
-2 0.125 -2 2.0
-1 0.25 4 5.7
0 0.5 8 16
1 1 16 45
2 2 32 128
3 4 64 360
4 8 128 1020
5 16 256 2900
6 32 512 8200
7 64 1024 23000
8 128 2048 56000
9 256 4096 185000
10 512 8192 520000
(77} (o) (4)

Table 9. Grain size relationships (part 2)

Grain size | Nominal grains per | Calculated area of
number mm at xl Average Grain Section
N Ny A ‘mm?
-3 1 1
=2 2 0.5
-1 4 0.25
0 8 0.125
1 16 0.062
2 32 0.031
3 64 0.0156
4 128 0.0078
5 256 0,0039
6 512 0.00195
7 1024 0.00093
8 2048 0.00049
9 4096 0.000244
10 8192 0.000122

(=)
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Table 10. Micro-Grain Size Relationships

Calculated Teul A
Q[?gx “Diameter” of Average Intercept Ci‘\ﬁr‘éa?;;g G;:i;:nof Average Nominal  Nominal
Grain Average Grain Distance’ Section Number of Grains_ Grains per
Size L_ Grains per  per mm*® in.* at
Number mm A . . A mm® at 1 X J 100 x
N in. mm in. mm in. Nv ri n
X o X 10 X107 % 10
o (1. 508 20.0 f.451 17.8 258 400 7.63 3.88 0.250
0 1.359 14.1 0.319 12.6 129 200 21.6 1.75 0.5
0.5 0.302 11.9 0.268 10.6 91.2 141 36.3 11.0 0.707
1.0 0.254 10,6 0.226 3.88 64.5 100 61.0 15.5 1.0
.- 0.250 9.84 0.222 §.74 62.5 96.9 64.0 16.0 .03
1.5 0.214 8.41  0.1% 7.47 45.6 70.7 103 21.9 P41
0,200 7.87 0.178 6.99 40.0 62.0 125 25.0 1.61
. 0.180 7.9 G.160 6.29 32,4 50.2 71 3.9 1.99
2.0 0.180 T1.07 0.160 6.28 32.3 50.0 172.3 1.0 2.0
2.5 0.151 5.95 0.134 5.30 2.8 35.4 290 43.8 2.83
- 0.13%) 590 0133 524 225 349 296 4.4 2.87
1.0 0.12% 5.00 0.113 4,44 16.1 25.0 488 6§2.0 4.0
. 0.120 4.72 0.1Q7 4.20 14.4 22.3 578.9 69.4 4.48
3.5 0.107 4.20 0.0948 3.73 114 7.7 B2l 87.7 5.66
0.0% 3154 0.079% 3.15 B.10 12.6 1 370 123 1.97
4.0 0.0898 3.5¢  0.0197 ° 314 8.06 12.5 1 380 124 8.0
4.5 0.076 297 0.0671 2.64 5.70 8.84 2 320 175 11.3
. 0.070 2.76  0.0622 .45 4.90 7.59 2920 204 13.2
5.0 0.064 .50 0.0564 2,22 4.03 6.25 3910 248 16.0
e 0.060) 2.3 0.0533 2.10 3.60 5.58 4 630 278 7.9
5.5 0.0534 210 0.0414 1.87 2.85 4.42 6 570 351 2.6
0.050 1.97  0.0444 175 2.50 3.88 8 000 400 25.8
6.0 0.045 .77 0.0399 1.57 2.02 313 11 000 496 32.0
0.040 1.58 0.0355 F.40 1.60 2,48 15 600 625 40.3
6.5 0.038 1.49  0.0335 i.32 1.43 2.2 18 600 701 45.3
0.035 1.38  0.0011 1.22 1.23 1.90 23 000 816 52.7
7.0 n.032 1.2 0.0282 1.1 1.0 1.56 31 000 992 64.0
- 0.030 1.18  0.0267 .05 0.9 1.40 37 000 b 110 71.7
7.5 0.027 .05 0.0237 0.933 0.713 1.10 52 500 1 400 9.5
e 0.025 0.984 0.0222 0.874 0.625 0.969 &4 000 1 600 103
8.0 0.0224 0.884 0.0199 D.785 0.504 0.781 88 400 f 980 128
.. 0.0200 0.787 0.0178 0.69% 0.40 0.620 125 000 2 500 161
8.5 0.0189 0.743 0.0168 0.660 0.35 0.552 149 000 2 810 181
9.0 0.0159 0.625 0.0141 ©0.55% 0.252 0.391 250 000 3970 256
. 0.0156 0.591 0.0133 0.5 0.225 0.349 296 000 4 440 287
9.5 0.0134 0.526 0.0i19 0.4716 0.178 0.276 420 000 5 610 362
10.0 0.0112 0.442 0.00997 0.;92 0.126 0.195 707 000 7 940 512
0.0100 0.394 0.00888 0. gO 0.10 0.155 1.00 x 10° 10 000 645
10.5 0.00944 0,372 0.00838 0.330 0.089 0.38 1.19 x 10° 11 200 724
0.00900 0.35¢ 0.00799 0.3t15 0.08! 0.126 1.37 x 100 12 300 797
0.00800 ©0.3)5 0.00710 0.280 0.064 0.0992  1.95 x 10° 15 600 1 010
11.0 0.00794 0.313 0.00705 0.278 0.063 0.0977  2.00 x 10° 15 900 1 020
0.00706 0.276 0.00622 0.245 0.(049 0.0760  2.92 x 108 20 400 b 320
1.5 0.00667 0.263 0.00593 0.233  0.045 0.0691 3,36 X 10° 22 400 1 450
0.00600 0.236 0.00533 0.210 0.036 0.0558 4.63 X 10° 27 800 1 790
12.0 0.06561 0.221 0.004%8 0.196 0.031 0.0488  5.66 x 10° 31 700 2 050
0.00500 G.197 0.004&4 0.175  (.025 0.0388  8.00 x 10° 40 000 2 58O
i2.5 0.00472 0.186 0.00419 0.165 0.022 0.0345  9.51 x 10° 44 900 2900
. 0.00400 0.158 0.00355 0.140 ©C.0160 0.0248 15.62 x 10° 62 500 4 030
[ERY 0.00397 0.156 0.00352 0.13 0.0158 0.0244 16.0 x 10% 683 50 4 100
3.5 0.00334 0.131 0.00296 0.117 0.01t 00173 26.9 x 0% 89 800 3 8OO
0.00300 0.118 0.00266 0.105 0.009 0.0140 37.0 x 105 1H 006G 7170
14.0 0.00280  O.111  0.00249 0.0981 0.0079 0.0122 45.2 x WF 127 000 8 200
.. 0.00250 0.098 0.00222 0.0874 0.00625 0.0096% 6&4.0 x 10° 160 000 10 30
“ The use of 00 is recommended instead of **— 1" or *“minus 1" to avoid confusion.
b value of Heyn intercept for equiaxed grains, :
(=) (4) (o)} ()

()
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Table 11 €T ASTME—-112 K LAMHR, KNEBES, NEOBMBRLRTo

.Table 11 Relationships Between the Actual Grain Size of Specimens Viewed
at Various Magnifications and the Standard Series of

Photomicrographs
sﬁ:‘dﬁg? Actual Grain Size of Specimen, Expressed as “Diameter” ol Average Cross Section When
2 Specimen Image, at Magnification Indicated,” Matches Standard Series of Photographs

4

I cation

Standard Series of Photomictographs at 100X

ASTM Micro-
Grain Size 0 0.5 1 1.5 2 2.5 3 35 4 4.5 5
Number . . -
' 100 mm  0.360 0.300 0.250 0.210 0.180 ©.150 0.130 0.110 0.0% 0.075 0.065
X  in 0014 0012 0010 9.008 0007 0.006 0.005 0004 0.0035 0.003 0.0025
16 Mm 0.480 0400 0.30 0280 0.240 0210 0.1 0.140 0.120 ©.100 0.085
in  0.019 0016 0.013 0.011 0.009 0.008 0.0065 0.0055 0.0045 0.004 ¢.0033
! % mm 0720 0.600 0.500 0.420 0.360 0.300 0.25% 0.210 0.180 0.150 0.130
| X in 0.028 0024 0.020 0.016 0014 0.0l2 0.010 0.008 0007 0006 0.005
2 mm 1.440 1.200 1.000 0.840 0.720 0.600 0.500 0.420 0.360 0.300 0.250
; , X i 005 0.047 0.040 0.033 0.028 0.024 0.020 O0.0i6 0.014 0.012 0.010
A%";xﬁﬁggff“.i?’. 55 6 65 7 75 8 8.5 9 95 10
: 1005¢ mm 0.055 0.045 0.035 0.0 0.026-0.022 0.009 0.0i6 0.0i3 0.0l
! . in 0.002 0.00l8 0.0014 0.00i2 06.001 ©.0009 0.0007 0.0006 0.000S 0.0004
9sx mm 0.075 0.060 0.045 0.040 0.035 0.030 0.025 0.020 0018 0.015
in 0.003 0.0023 0.0018 0.0016 0.0014 ¢.0012 0.001 0.0008 0.0007 0.0006
50 mm 0.110 0.09 0.0675 0.065 0.055 0.045 0.035 0.0% 0026 0.022
in 0.004 0.0035 0.003 0.0025 0.002 0.0018 0.0014 €.0012 0.00i 0.0009
25 mm 0.210 0.180 0.150 0.130 0.110 ©0.090 0.075 0.065 0.055 0.045
in 0008 0007 D006 0005 0.004 0.0035 0.003 0.0025 0.002 0.0018

Standard Series of Photomicrographs at 75X (Plate 1113

25X mm  0.030 0.045 0.060 0.080 0.!10 0.140 0.150 0.180 0.210 0.270 0.360 0.450 0.600
% mm 0.015 0.020 0.030 0.040 0.050 0.070 0.080 0.09 0.100 0.140 0.180 0.220 0§.300
75X  mm . 0.010 0.015 0.020 0.025 0.035 0.045 0.050 0.060 0.070 0.090 0.120 0.150 0.200
100X mm ... 0.0[0 0.015 0.020 0.025 0.035 0.040 0.045 0.050 0.070 0.09 0.110 0.150

< It is recommended that the macro-gram size numbers (see 6.7) be used for grains sizes larger than 0.5 mm
| (0.02 in.), 25X be used only for grain sizes larger than 0.210 mm (0.008 in.), that 50X be used only for grain
' sizes larger than 0.075 mm (0.003 in.). For the smaller grain sizes, greater accuracy generally can be secured by
: increasing the magnification. This table can be used for comparisons at 250, 300X, 300X, 750, or 1000X
by dividing by 10 the grain size indicated at 25, 30X, 50X, 73X, or 100X, respectively. Thus, at 250X, a grain
: size which will match the same standard photograph of 0.050 mm{0.00!5 in.) at 75, will be an 0.015 mm grain
size (0.150 al 25% divided by 10).

 The values shown in this table have been rounded off to approximate commercial usage. See Table 2 for
exact values.

6.1.4 HNOHBER
J IS &< cyImikET)

1 inch =250 (o ] N {(481)
ZERT L6, ASTM Tt

1 inch =254 { mm ] (48+1)
ZHEHT 50
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7S (ESER )

(Application—Example of Measurement)
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7 1
10° L= 1o
EBLIEMNMTE L,

Sy ==

P 60’

Table 12, Relétionships between d, Nv, Sv and P

Measuring Equivalnet | Calculated equivalnet | Average Number | Average Area of
procedure | polyhedron | "diameter" of Average | of Grains/mm? | Grains/mm3
i Grain d (um) 1 Nv (1/mm®) Sv (mmZ/mm3)
| circle 40500/P L p3 LIE
N Comparison 10 10
procedure _
square 35900/P L _ps3 6.5 5
10° 102
circle 35700/P 15 p3 ZJ%—P
Intercept 10 10
procedure 1 7.4
square 31600/P —— P3 — P
1 ‘ 105 102
where P = M-ZN/2

%—(grain size number)
| (magnitude)2

7.2 BEROER
Table 12 CE ST, {ZF (M), BEELKE (Nu—~ NZBEMK & oz "E@®EE”

N,, S, #5t® L, ##i€# Table 13~Table 21 LRYo

% I HIEEE Nigo S8 5 7200 OEERE “ASTM 7 = 5 4 MRBAEREN ({55
100f)”<als 0552-1957>kV3[ALFig 5 LRTo &Y VFLINEESH
1~8THottt, XOR/NPSVERKLNH-BEAEZERLTEEL, #5122~9FTL

» L 70
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"Circle" Equivalent Diameter Model

1, Intercept Procedure

Two Dimensiona

Table 17,

um)

(Unit

) N
35700 ., 2
M

d(um) =

Grain Size

JAERI-M 6839

560,

450,

400 L

350,

360 *

250,

260,

150,
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73 ME @
7.2 i??ﬁ%faﬁﬁ%ééfﬁz. 12DT, i%lcnmc#ﬂﬁa’ﬁ%{ﬂ &oTBETHL
; AR

i PmnolﬁUOy\ij®T//747 /a/%ﬁ@ﬁﬂf@ﬂmﬁ(lﬂmtﬁmm)
LB OSHEETHS . BRFETA~DDOLBEEHD, FOLOoWOB LAcDS, WE
(#1000 AN —, 6o XA YEYFR—Z}F), TvF¥Y (H80,:H;0.,=1:8)
TN ot bDTHDo ERM T4 00ETHB,

ZMPhoto 1 T, ( 2KRL) HEBHE- H%ﬁ@%ziéﬂgﬁﬁéimbtowﬁ%
T4 ATEESLE, SO~SWET 50 BB HIo TS5 2 THMATBOLERSEED~5 %
THCFE LI Lo BlEORRE Table 22 KT o

Table 22. Value of Nygp, For Two dimensional Comparison
Procedure Mag.x400 (Photo 1. Refs)

S(1) | s(2) | 8(3) ] s&)
5.5 | 5.5 | 5.0 | 5.5
6.0 | 6.0 | 6.0 | 6.0
6.0 [ 6.0 | 6.0 | 6.0
7.0 | 7.0 | 6.5 | 6.5

Qo] |k

S(1)~S(4): Surveyers
A~ D : Samples

M) HBEOEME Ny >N(1004%)
Table 21 RINAZT -4, WRBEL>THWIEEMEENA00{ETHSI20 5100
EieHET 2, chiciZeRn 5

2 ' M -
NMOWN‘M*_—Iog 2 fog (—100)

CDFE M=400TH5Hh5

2 400
Nige =Ngo+——1og (‘1—

log 00
I :N400+4,0 (63
' £ 2o Nigo OEME (Table 22) € UTERE MO N £1F 50 8% Table 23

IWRTdo
@ EHEEEEFRE
Table 235 S& AR ICH T ARERE Nigo DEIHE (=N) EEEREZLRACLD
g3,

B P =

Ns (1)
) 66

— 40 —




JAERI-M 6839

[
|

€
? Photo 1. Microstructures of 73F U0, Pellet Samples

after Oui—of-Pile Heating. (1700°C,24hr),X400

\
4
i
:
i




JAERI-M 6839

E ' Table 23, Value of Njjpg converted from Nygp

s(1) | 5(2) | s(3) | s(%)

9.5 9.5 9.0 9.5
10.0| 10.0 | 10.0 | 10.0
10,0 | 10.0 | 10.0 j10.0
11.0 | 11.0 (10.5 |10.5

Unm::w/

N100 = Nqoo + 4.0

4 - _
%Eﬁ%:sn:/gigﬁgﬁﬁl -

Lo Neg): i BEOEEESLREC L > TROHEES
! SD : AR L 2 EERE ,
| —mmuMﬁ%%mAabfjﬁfﬂﬁuﬁ? TRTo

i=1 m—1

Z iR A Table 24 1€/RTo

Table 24. Resultant of various Samples

Average Standard |Grain diameter d Particles per vol. N Surfaces per vol. sy
value of|deviation v :

Nigo -¢éircle -} square circle square circle|square'* common
A 9.4 0.25 15.6 | 13.8 1.1x107 6.8x102 1.0x163
B 10.0 0.00 12.7 11.2 2.1 " g.3 " 1.3 "
C 10.0 0.00 12.7 11.2 2.1 " 8.3 " .3 "
D 10.8 G.29 9.6 8.5 4.8 " 1.0 " 1.7 "

*} Used Table 21.

v d, Ny, Se
100%K@§bkﬁ§§%@$ﬂﬁ,N&&ﬁ%%M(C@%é400%)mmnt
DG, EEE ( Table 13~Table 21 ) #FMALT d, Ny, S, EERD 5o RDFRER
% Table 24mRT o
= #HEOEEE .

BE OEFEE TEEEESELSETARTSH 2. FRTIHILKAMNA, BOERE 2
&60$§L,A,B,G,D,E(A&ED).F(B&ﬁb)&bﬂﬁ%mugﬁ%
S S ICHE LTSS ofzo #E S Table 25 KRTo COADG, B0 RVHEETH
EBFRbNIT Edbbbo

— 42—
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Table 25. Resultant of a Dummy Testing

Dummy sample are E and F.

Average |Value of |Grain diameter|Common
value of|standard [d: (um) value of
Nigo? deviation circle|square Sv:
(mm2 /mm3)
A 9.4 0.25 15.6 | 13.8 [1.0x103
B 10.0 0.00 12.7 11.2 1.3 "
C 10.0 0.00 12.7 11.2 1.3 "
D 10.8 0.29 5.6 | 8.5 1.7 "
EY 9.6 0.25 1425 | 12,9 |1.2 "
F2) 9.9 0.25 i 13.1 11.6 1.2 "

1) As same as the sample A

2) As same as the sample B

8 F & ¥ ( Summary }

HEEEOES LD RLH, B, BlEs, HE8A, BLUOUO XLy rDeHEEFE 2B
HFC o2& D<tio LTI FDER D50
BEMIEIIAZS, BRCOSBA AT TIHSH ORRER TH B0 S, | BAKENSO
OREERE (mod/mm®), NL @ FEECE - -RBREOKAIREY L oK TR (B/mm ],
7 AR (on) ET54%, S ARSHNELFTRELROEFEHSRITE6DET 50
S, = 2Ny

£
HAEEOFERICLD & o-BIEHEIIE 2 H50, — B _REHTRLZ e (BE

W) CullrE (EEE ) BECBHOLHR A
BOARIIAD (ER M, REERS IN) FEANS OO (R EMERE A, BUEAE HCO
O¥THN, , i S, ! & DERBEGERIIRALTRINS,

— g9
e 12‘_,_ 9N {mm? 1] ‘

=

M
Ny= g (K)v{ (B min’]
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Table 25. Resultant of a Dummy Testing

Dummy sample are E and F.

Average |Value of |Grain diameter |Common
value of|standard |d: (um) value of
Nigo:® deviation'Circl square Sv:
e|squa (mm2/mn )
A 9.4 0.25 15.6 | 13.8 |1.0x10°
B 10.0 0.00 12.7 11.2 1.3 "
C 10.0 0.00 12.7 11.2 1.3 "
D 10.8 0.29 9.6 8.5 |1.7 "
el 9.6 0.25 14,5 | 12.9 ([1.2
F2) 9.9 0.25 | 13.1 | 11.6 |1.2 "

1) As same as the sample A

2) As same as the saﬁple B

8 ¥ & ¥ ( Summary)

ERKEOBEL0RUY, BE, MEE, MEL, BLOUO <Ly tOLBERE 2 12i

A2 Ot UITHEDERE DN S0

HRKEEIAS S, BREOEALCAHT IBINORRERTH S0 S, | BAKEYD

PREEH (mm?/mn®], Ny | EHICE o 1o ABRE DBALEY 0 O FHEM (F/mm ),

T EHOREE (mn) 2T L%, S, ERBNELEE LROEFRIELT 26087 5o
Sy = 2N,

£
SR EDEEILD > & o TR 4 55 05, —RRICIEROLIE I & B W Bk (i
) W (BEE) BMLCHEVSRS.
BEMT LD (ER M, HEES I N) LEANT L0 (REIEHA, BAKEBHLD
DO FEN, , KIEFES,) tDEABRIALEIRATRENSG

Kzrlzzg-Z‘N [ mm%i 18 ] .
M
2 — -4

Ny:'E(A) [,/ mm® ]
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b

_8 Y
S+ =3 { Ny)

—9233{A) ( mm?/mm®)

Uizt o THEMEETE6 » Bz, ¥7

) disEE ( Hoed:, MErdk, e )

@ EEERLSEZEL-EORR (ACBET S ) 2AZ LT EXEZFEAL, Hagi

it otB (L2 dHEd, HES, . F)ERTTHII I

B ENRBETLI IS EASTMICRENAONA. &S CHEFS L OIEROMKRTO
seE OEMN ( HEER S0 ) 2RHBEE, BHOHPEVLLERETET 5. ASTM
CRESNEOIER, SENEARTUTCENR (A=d" ) ZRELT S0
mﬁébfumfmwb@ﬁﬂMﬁ@@%ﬁEEm?éﬁEﬁﬁ%ﬁmoto:&ﬁm&&
—m,Eﬁ%%m&m;?no%%mawﬁﬁfﬁentod,mu%mmm5Mﬁ&.%%
Wk L OESEILT 245, ARTEELLS, T}, COFREMOIICHEELIC

1 N

i1t 5o { Table 21 &BHR)
%&ﬁﬁ&bfu—ﬂzﬁ@dw;éiﬁm$wm,EWK%%%@&%Svm@%ﬁﬁi
ThrERDbN S0

1 mmV@’ ]

9 H & b & HH

(The Afterword and Acknowledgement)

BRI ( Grain Size) 3RS H & NS EREFTCORRER TH B LHEROLH
?méwémﬁbéoé%m%@ﬁﬁ®ﬁﬁ®&ﬁm,Emiﬁ&&TQ;gawméwéa
%ﬁf@ﬁ%%@%mﬁ?i%i%f&%oLmbﬁﬁﬁﬁﬂﬁﬁﬁmﬁé&kw?—#%m
ﬁﬁﬁ@&mﬂéwﬁn,C@%%@Hﬂ@%ﬁ%mﬁ<%%Téﬁé$ﬁ~@iiﬁbfﬁ
<cau%&®<m@woﬁﬁ&ﬁﬂniao$%,iﬁmﬁﬁm;nd,%mmi&@mm
5T 20 BEEDEHE LDo HEC OXBMTHERC PR GDRIFRICD
ﬂmoﬁ%umnfa.Mi&ﬁ%ﬁénfmmwnd,ﬁ@féﬂw&mﬁmmmﬁb6§
AZLETH S0 '

K%%%(m%tof.@ﬂﬁﬁﬁ%%?éﬂtﬁ%ﬁﬂ&,WEE%E.3751—97
Ufﬁgmiéi®ﬁ@K@@ﬂTéﬂtﬁiﬁE,?f?ﬂﬁmﬁ%ﬂ?éotﬁﬂﬁéﬁ
—HEZOERCEH O LET, C
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%4 Y

8 _— -
Sv:—é—(Nv) =233 {A) { mm®/ mm® ]

Liztto CHEMEETN s 2iga i3, 27

M) EiEd (e, U, )

o SHEERLSZEZLroEOER ( AcEfkd 5 ) ZHL LT s EREFEHL, BRI

il o B (LA ERNEL, WES,,  F)ERITHEIL.

| o EDERTHEIIS EASTMICRENA OGNS L KEERET D SEROERTO
shELE S (MBS 0) ERHEBE, BBOBVLEVLOEREET S0 ASTM
Tu%%ﬁ@mﬁﬁz.%%ﬁ%%?bfﬁﬁ%(iz&)%ﬁﬁbfuéo
mmabrumfuwb@ﬁﬂmmﬁ@%mﬁﬁmoéﬁgaﬁéﬁmoto:&im&&
ﬂm,Eﬁ%%m&w;?to%%mamﬁﬁﬁﬁentod,&ﬂ%@@méﬂﬁ&.%ﬁ
HE R L VBT T 545, RRTER LS, T, EOFREHNIDICHETC

8, & ~11—0 {MOZN/Z) [mmz/&nns]

itt; Ao ( Table 21 M)
%%ﬁﬁ&bfﬂ~%mﬁ&dw;5§ﬁm§ww,ammﬁﬁﬁmﬁésv®ﬁmb%z
Tct(l\&%!\bnéo

9 » & B & - #H B

(The Afterword and Acknowledgement}

%%mﬁ(emnlan)m%%ﬂ%ﬁ&wé%%%ﬁf@%%%ﬁ?%énw%ﬁm&ﬁ
ﬁméméﬁ@béoégm%mﬂﬁmﬁﬁmﬁﬁu,emiﬁé&fﬁ,§@®m5mau
ﬁﬁf@ﬂ%%@&wﬁ?iﬁiﬁf&éobmbﬁﬁﬁﬁﬂ%&ﬁmﬁﬁéﬁm?—ﬁ%®
ﬁﬁﬁ%&mméwﬁn,cm%%@ﬁﬁ@%%%ﬂﬁ(%%Té%é%&~@iiﬁbtz
(C&H%&®(D§P®ﬁﬁé§ﬁbiéo$¥,Iﬁmﬁﬁwinﬁ,%®MﬁE®%w
i ko T 20 BBEDENE LS. HELOXRTHERC2EWR L LDIERILD
ﬁucﬁ%umnfa,Mﬁ&mmﬁénfmmwnu,ﬂmféam&wﬁmﬁmobég
LLNETCH Do '
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10 I B F (Notations)

A RS OEE ORGSR I DT OIK TN 1L { mm?/18 ]
A REELR O M . [ mm®/18 ]
dy IRTETOEMHRBEHEOER ( 2 THIHOER)
) HEBORTETOEMMREDOERE ( 2 TREFEO—A )

dal) ! FEDRILTD " (2 TiE5 AROEAE)
dalp): EFEOWITLT D " ( 2 T 6AEORAE)
D IEBQETTD ” ( 2 TIREROEE )

Dy I FEORLTD ” {2 T FKRDO—T)

e [ Fl AEEOBE
f; CHMEXBCET 2EXEOERK
F; | REEHS A, Fj:jgifi
F (EiR) @ FR R
I, T, [ EZHSTHE Qo REBRR
Ly, Ly I BEZHED DD HORHDEIRN

£(Z) I 1R ToREEESEE (CFEURRERE ) [mm )
log : RS
In @ BRI

MEEREE I EEOER

ng - KSR THORE L BB RS OMEK

n D L00fE, 1in® (25mm ¥k ) Hich ORI
g s MAZ, 1in® (25mmBH ) S OFEBRIE
nt t1fE, 1Tmm® & 700 DRSS A

Ny i HBRE -1 EXLORBREBOHEE S0 OOF OFEEER (=1/2)
N:ASTMESKHEES (10085), (NuekbH< )

Ny - " ( M{E)
N, [ BTG R O EI8S &5 8 ( n D¥HEE - (fErm® ]
N, : HAT R rh o igssa i (&, mm?)

o I BEREARERE

s . HETEAIER A
S, i EHKE (HEGABA D ORDER) f o mm® ]
Q fERMEIEGRE (—Nigo— Nu)

[T 5% AR IR &

x | WL
. kMl
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f12120°TH 5

1211 FHEricET LI TOBE
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1212 HEicET3MASAFENEER
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(121-1)

f—etc—2
%ﬁ:#w¥(ﬁm1#w¥)%m®%%m6,3&®ﬁﬁu&éﬁﬁb,ﬁ?M4mmﬁﬂ
éﬁéo2&@%@@%&%ﬁﬁb.ﬁ?msﬁmﬁﬁﬁféo

'.czge (121-2})
(121-1) Ad o

3f—e=6 {121-3)

2f—-c=4 (121-4)

(121-3), (121-4) REEEL

e=3(f—2), c=2(f{—-2)
&bfbé&bméiiﬁ,euﬁﬁ{3®%ﬁ).cﬁ%ﬁ?%éonKQ%%§okE®
A fmE B & 1121-3) KT

?(G-—vn}f(n)“—”»IZ (121-5) ®
EhobEssY
(121-5) REZEH LT, '
Yef-2nf=12 -
Yaf=2(L3f-6)
{121-6}

Ynfn)=2e
(tﬁb,nmomfmmuﬁﬁbfﬁzfma)oz&@@mgﬁ&ﬁﬁféme,@@ﬁ

%bfbiofméafét,ﬁ%mCUﬁwﬁﬁHZe&ﬁ%oLﬁmofﬁ%ﬁﬂﬁﬁﬁ
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*2) WM. Williams, and C.8.8mith, J.Metals, 47 715-765 (1852)
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__ BoBK
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— %E : (121-7)
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