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The Relation between the Influence of Various Elements upon the
Graphitization of White Cast Iron and Their Crystal Structures

Synopsis:

Hiroshi SAWAMURA

Many elements have been used for present investigation on the problem in question and the follow-

ing results have been confirmed:

1} All the elements having face centred cubic lattice favour the graphitization of white cast iron

of Fe-C-J system (J is any element),

However the element, which favours the graphitization of white cast iron, i1s not limited to that

having face centred cubic lattice.

2) The elements having close-packed hexagonal lattice resemble to those having face centred cubic
lattice, and most of the elements belonging to this group favour the graphitization of white cast iron.
3) Most of the elements which hinder completely the graphitization of white cast iron are included

in the elements having body centred cubic lattice.
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Table L.* Influence of various elements upon the graphitization of white cast iron.

. ' Effect on ] { Effect on ; i Effect on! ! Effect on
Aton:nc- Element ' srr;\nhln-F Atomlc I‘Flf‘mt’"\f graphiti- ﬁ‘J Atomic iElement : graphiti- !Atomlc "Fleent graphiti-
numaper " zation ﬂ number | jzation | number | i | zation jj rumboer | zation

i [ | ! ‘ i : i

1 H . x | 27 co ¢+ o | s 1 | x 1 79 Au o

2 | He . & | 28 I Ni | O i 5% | Xe 2 | 8 | Hg o)

3 Li I O 29 Cu | O 55 Cs o | 81 Tl 0]

4 Be | ® | 30 | Zn O 56 Ba O i 8 Pb ®

5 B O 31 1 Ga ©O) 57 La O ‘i 83 Bi P

6 | C O I 32| Ge 0] 58 | Ce ® | 8% | Po X

7 N ‘ x 33 | As D) 59 Pr o ! 85 At X

8 O | Unclear 34 1 Se @ 60 Nd O i 86 Rn %)

9 F ‘ P i 35 | Br X 61 Pm O i 87 Fr O
10 Ne K 36 ! Kr ® 62 Sm O | 88 Ra O
11 Na O 37 Rb O 63 Eu @) 89 Ac O
12 Mg o 38 Sr O 64 Gd O 90 Th O
13 Al @ 39 Y O 65 Tb O 91 Pa ®
14 Si O 40 Zr m 66 Dy O 92 U X
15 P O) 41 Nb O] 67 Ho O 93 Np X
16 S X 42 Mo x 68 Er O 94 Pu X
17 Cl ! X 43 Tc X 69 Tm O 95 Am —*
18 Ar : 9] 44 Ru O 70 Yb O 96 Cm —
19 K O 45 Rh @) 71 Lu O 97 Bk —
20 Ca O 46 Pd O 72 Hf 0) 98 Cf —
21 Sc O 47 Ag O 73 Ta 0] 99 Es —
22 Ti ® 48 Cd @ 74 w X 100 Fm —
23 Vv X 49 In ® 75 Re X 101 Md —
24 Cr X 50 Sn 0) 76 Os O 102 No —
25 Mn X 51 Sb ® 77 Ir O 103 Lr —
26 Fe X 52 Te X 78 Pt O

O : Favour graphitization.

X : Retard graphitization,

@® : Favour or retard graphitization.
& : Independent of graphitization.
* : From Table 2 in Literature 2).

: Unknown.
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Table 2. The group of the elements having face
centred cubic lattice and their influence
upon the graphitization of white cast iron.

Table 5. The group of the elements having other
" space lattice and their influence upon the
graphitization of white cast iron.

. Effect on . Effect on
Atomic number Element graphitization ﬁ&?nngfr Element | Space lattice graphiti-
13 Al '0) zation
28 Ni 14 Si . .
29 Cu 8 39 Gle DC (Diamond Cubic) 8
38 Sr O
45 Rh ®) 31 Ga ®©
46 Pd O 33 As O]
47 Ag O 51 Sb RH (Rhombohedral) ®
77 Ir @) 62 | Sm O
78 Pt @ 83 Bi X
79 Au O
82 Pb ® 34 Se ®
89' Ac O 6 C HG (Hexagonal) @)
QO : Favour graphitization. 52 Te X
(@ : Favour or retard graphitization.
53 I OR (Orthohombic) X
Table 3. The group of the elements having close- 19 I o
L n
packed hexago‘n.al .and the1.r mﬂu.ence 50 Sn TG (Tetragonal) D
upon the graphitization of white cast iron. 91 Pa 0
Atomic number Element gg;c}fit?;lation 84 Po MC (Monoclinic) X
i Red CB(Cubic)
]g E/Eg % 15 P White MC (M’onoclinic) @
30 Zn ©) QO : Favour graphitization.
43 Tc X X : Retard graphitization.
44 Ru O Q@ : Favour or retard graphitization.
48 Cd O] '
75 Re X _ )
76 Os @) MitkFa [HEEZEMMETF] & (3 hid Table 6 &

O : Favour graphitization.
X : Retard graphitization.
@ : Favour or retard graphitization.

Table 4. The group of the elements having body
centred cubic lattice and their influence
upon the graphitization of white cast iron.

Atomic number Element Eﬁ'ect. on |
graphitization
3 Li O
11 Na O
19 K o)
23 A X
24 Cr X
37 Rb O
41 Nb 0]
42 Mo X
55 Cs ~ O
56 Ba O
63 Eu O
73 Ta 0
74 w X

Q : Favour graphitization.
% : Retard graphitization.
(D : Favour or retard graphitizatiori.
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Table 6. The types of transformation and the influence upon the graphitization

of white cast iron of the elements having transformation point.

]ﬁ]t;rgg gEicu]cut Type of transformation ng'if;;isgation
16 S RT OR 95°C MC——-MT(119°C) X
20 Ca RT«——FCC—464°C——BCC—MT(851°C) O
21 Sc RT CPH 1335°C BCC ? —MT (1 540°C) O
22 Ti RT——CPH 882°C——BCC MT (1 685°C) ®
25 Mn RTe——CB,——727°C+—CB;——1 095°Ce—FCC——1 133°C——BCC X

—MT (1 244°QC)
26 Fe RT BCC 909°C FCC——:1 388°Ce——BCC——MT(l 539°C) X
27 Co RT«—CPH—447°C«———FCC—MT(l 493°C) O
39 Y RT CPH 1 460°C BCC MT(1 495°C) O
40 Zr RT CPH——865°C BCC MT (1 850°C) ®
57 La RT CPH 310°C FCC 868°C BCC MT (920°C) O
58 Ce RT FCC——730°C BCC MT (809°C) 0]
59 Pr RT CPH 798°C BCC MT (935°C) O
60 Nd RT CPH 868°C——BCC MT(1024°C) O
64 Gd RT——CPH—1 262°C——BCC ? —MT (1 312°C) O
65 Tb RT«—CPH——1 310°C+——BCC ? —MT (1 356°C) O
66 Dy RT CPH 950°C ? MT (1 407°C) e
67 Ho RT CPH 966°C ? MT (1461°C) O
68 Er RT CPH 917°C ? MT(1497°C) O
69 Tm RT CPH 1 004°C ? MT (1 545°C) O
70 Yb RT«——FCC——798°C——BCC——MT(824°C) O
71 Lu RT CPH 1 400°C ? >MT (1 652°C) O
72 Hf RT CPH 1 950°Ce——BCC ? —MT(2 220°C) O]
81 Tl RT CPH 230°C BCC MT (304°C) O]
90 Th RT+«——FCC——1 400°C+—BCC——MT (1 695°C) O
92 U RT OR 662°C TG 775°C BCC MT (1 133°C) X
93 Np RT——OR—280°Ce—TG——577°C BCC MT (640°C) X
94 .| Pu RT MC, 122°Ce——MC, 206°C——OR 319°C FCC— X
451°Ce—TG——485°C+——BCC——MT (640°C)

RT : Room temperature, MT : Melting point, FCC : Face centered cubic, CPH : Close-packed hexagonal, BCC : Body centered cubic,
OR : Orthorhombic, TG : Tetragonal, CB : Cubic, MGC : Monoclinic.

O : Favour graphitization,

Cl(17), Ar(18), Br(35), Kr(36), Xe(54), Rn(86)7c
E 12 TERFET HH5DT HEBHLETHETED LD 76
FEIREITLRIC D W THBR D MER 2 T8 vy, WS, TS
NG, WO FBRITTERCIET 20RO - £nER
R 5A%0EBLI BT ENTTER T b5
Rld Table 8 W RT LBV THB. 7KL ZDEITIE
EREEBLRVWTRERLLAA, LEEEET HTE
THDTHED > LIRAHEEERIR T R HET D & L2
TELHTEIEIThTWAS. Table 6/ T X 5 icZEhg
BERETLINEOET 27 THBHMR, £D S LHEEZER
MFEHEET D & ENTELTEDEIE Table 7 TR
TESWT 22 THOT, HETHZEBTEEM»DORTT
KOS5 THo7.

ZORTEIDTHLIPR X SIZLENEIZBWTIRE
FeWASET, FAEARA, WO A ELEIIMOSES
BT 16, PABA L BITE 22, (Lar FRISTE 17, 5
35 THHDTH5HH, TTLEELAZ BALRVWITELD
WS &, HOMNARTRCEASGOESEE4m
RIS 2 o THhHho T, OHDIERL2E>T
WHTLRP ZILETFET DDA TH 5.

X : Retard graphitization, () : Favour or retard graphitization.
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DTS KR LED S b4 TLEREHEOVIAL LD
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BMEZIRET D 1A LED5 b 2 TRERELEDWHA
ZXoTihiRohEmE T 5.
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Table 7.

The group of the elements having the

same estimated space lattice at 800°C
among the elements given in Table 6, and

their influence upon the graphitization of
white cast iron.

I REOSL A, WEARS, L LOEREEZRD
TCEDSORERETEDOBEEO B i METRET OV
Ty Table 5 WRTERD T H2T, »WThoEiutE
EOTERC RV THILROEPHD T/ NTH 2T, M
SE DB EM I DWW T2 LA TR V.

BT DBEEME(CBIY 5 iR
ATAC D BT B LHORET D IRGRIVAEIAL 52 B 2 &

6.

Estimated space Atomic Effect on T . = o HEE - S
lattice at 800°C number Element graphitization EETH L, hEDTOLSCHERTH T LAT
9 EHEEXOLND.
FCC 7| Co Q _ — N -
57 La @) TLR D HTLEDORFMH—EDEMEFEZMAILTHT
(Face Centered 70 Yb ? S
Cubic) 90 | Th o DI B TEH O BT OMICR U T D BMETF 135 5
o1 | s BEOHHEEZEOTVWD L EBULETDHS.
52 | S S % 7o Fl— BRI FRTE R BT 5 TR0 MMFE T O
oo 2 Z OREEOHEETREOBEN RS D & LD HHIRE
59 Pr? O FRICBWTEEDTWE EZ LS.
cPH ol P S Lz HBELIH WTERICE LTV 5 TEROBFO
-P VN _ . . _
o ey 65 | Tb 2 SR ORI £ D TEE A Fe-C-J REMD 5 Hic s 3 78
67 | Ho S FELTEASND & SRLOBMLERET 5 X 51
68 EI‘ O = N:E N,
69 Tm S e+ 5014 3}\1 -
;flz Iﬁt} O EAS W TERCE LTV A LEORTIEHEOR
@ SLIC BT B H BT L R ERHCE Y 5 TR0
BCC % %1 9 FLIZIERRTH D05, HOUMFBRTEBCEY 5THR
e - —
(Bod()]/ (blf:r;tel"ed 58 Ce 0) MLIEAMRCEITCE L L THFHETL LEESRLTORET
ubic
21U X DFHERTROBIEC X DT D AFCREDTWD
O : Favour graphitization. D BATTETIBROENLEEEL, Tk b
% : Retard graphitization. .
@ : Favour or retard graphitization. 7]:%?3: ZE ETHENCIEIE 5.
Table 8. Classification of elements according to their type of space lattice and
the influence upon the graphitization of white cast iron.
FCC CPH BCC
Space lattice (Face Centred (Close-Packed (Body Centered
Cubic) Hexagonal) Cubic)
No transformation 12 8 13
Number of Accompanying o -
elements transformation* ax L4xx 4
Total 16 22 17
O 10 2 7
No transformation O) 2 4 2
X 0 2 4
Number of
elements with . 4 11 1
regard to the Accompanying 8 0 3 ]
effect on transformation* X 0 0 2
graphitization — -
O 14 13 8
Total o 2 7 3
: X 0 2 6

O : Favour graphitization,

% : Retard graphitization,

* Number of elements having estimated space lattice at 800°C.

wl

The element marked by ?

in Table 7 is included.

@ : Favour or retard graphitization.
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