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INVESTIGATION ON CAST IRON HAVING REFINED GRAPHITE
PRODUCED BY MELTING CAST IRON COVERED WITH SLAG
CONTAINING TiO, (VI) |

A(Study'on the determination of metallic titanium and nonmetallic

titanium compounds contained in the S-H cast iron)

Hiroshi Sawamura Dr. Eng., and Masatoshi Tsuda |

Synopsis:

It is well known that Ti exists in gray cast iron in the state of various kinds of com-

pound and in solid solution in iron.

The authors found.a method of analysis of the Ti con-

tained in gré.y cast.iron in such different states separately under the following assumptions:

(1) Ti compounds in gray cast-iron were TiC, TiN, TiO, Ti.0s, TiO:, TiO; & TiS.

(2) These compoqnds existed as stochiometric form individually.

It was confirmed that

about 809, of Ti contained in gray cast iron existed in the form of TiC.
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Table 1. Solubility of titanium compounds and metallic titanium in mineral acids

Ti-compounds

-

! !

P !

= ~.._ and metallic Ti Ti-Oxides | |
- TiC Tin . TiS Metallic Ti
Reagents | TiO  Tiz04 TiO, TiOs
: . 5 Dil, Conc. (Hot) Sol. Conc. Sol. Conc.(Hot)Sol
H:S0, | fsol - Imsol §ggr Sl BiCoid) Ineol. SOk - BGnsa  poncElonsel
HNO; Sol. Insol. Insol. Insol. Dil. Insol. [ Sol l Insol. Dil. (Hot) Sol.
HCI . Insol. Insol. ! Insol. : Imsol. . Dil Insol, Sol. Insol. . Dil (Hot) Sol.
n i : : -
Aqua regia %(slsoov{;ly) j  sol. — _ —_ P - — Sol.

Table 2. Composition of S-H cast iron sample.

COERERICE S E 5 Ti FRORER] Ti DMK

s le N Composition or S-H cast iron sample (%) DTELELTHS.
T re s T wm F s (a) ZTi® 0°80% it TiN &L T® Ti.
| i . . - R .
1 {338 | 1.40 | 0.58 | 0.174 0.030 | 0.251 (b) 2Ti @ 039% i& TiO, TiOs, TiOp, TiS &
2 L 357 12,05 i 0.71 . 0.1691 0.038 ' 0.365 :
3 1308 202 | 071 | 0170 0.034, 0364 vTod Ti
4 | 362 | 162 — | T 017

* Ti % was determined after the
of Standard of U.S.A.1920
Ti % in Table 15 was also determined after the
same method.

method of the Bureau

COGHERZ—FHBLTHB E RO TELTH

5.

HCl— {HCI HI#AlE Ti 0+0032
HCl Ay Tis>HNO,

HNO; w5k Ti 0°2459,

(¢) ZTi @ 97°61% & TiC & L TD Ti.
(d) 2Ti @ 1°20% it Metallic Ti, TiOy &L T
DTi.

IO BHEOH LR 5 BT B L BEIERL
7 KHSO, #Eiz S-H &8 Ti OFRER I b 21T
BALT S HEICHUERELZ 3 DTH 5 5 & Ebh

H,S0, alpdE Ti 0°0019

2 Ti 0°2519

HNO; RNiFfE Ti—H,SO4 { }
HeSO4 Rt Ti 040029

Table 3. Separation and determination of metallic titanium and nonmetallic
titanium compounds by KHSO, method.

l Sample | 10°0476 ¢

B s E #®
% E bot water j2hot water®¥ih.

H1ae Filtrate B firfh NHOH(1:1) ¢ & 32

- 10°0291 g
HCI (1:1) add, Heat, Decomp., Fil., NH,OH (1:)o#E b
Wash with HCI (2:100) warm solution EFF'% Dry,l gnit 12 Dry ,Ignite:aJ%,Igb
and bot water R
Y
. < Y
[ Residue A ] 1 Filtrate A ]
?’Toig:lgndd, Heat, Decomp-» Neutrralize with NH,OH(1:1),
T TS weakly acidified with HCI (1:1),
2 T ¥ 2095 N2ay5,0, salution add,
L Residue B : I I Filtrate B ] Boil, Fil.,, Wash with hot water
N
Conc. H,;S0, add, Evap. to ¥ 1
Conc. H:S0, add, dryness, Heat dissolve with | Precipitate B I Filtrate E 1
Heat, Evap. to HCI(1:1), Neutralize with Reieet
dryness, Dilute to NH OH(i:1), Weakly Dry, 1 gaits ejec
S0cc. with H0, acidified with HCI(1:1), ’ -
Boil, Fil., wash 20% Nap-5:0, solution add,
N Boil, Fil., Wash with hot water I KHSO, fusion ]
. Extraction in
| Residue C _—l o c | 52 ;{,SO. i
iltrate
- Dry, Ignit. l Htr g "
p | Precipitate A ] I Filtrate D ' [ Colorimetry Ti% |
L KHSO_. fusion ] Filtrate is made Dry, J{ 1 gnit. Re; 0002 4, ’
acidic solution eject o-co3 0°008%Ti
Extraction of 52 | Hs0, [ xuso, fusion
in 595 H.SO, L 4
4 . (Metallic: Ti TiO,)
. l Colorimetry Tig% | Extraction
I Colorimetry Tics 1 p, in 5%5H,S0,
= 0°Cot . .
0'002 (.0000. g ogor 900195 T1 L_ .
ocoz 9 80255TH (TiO, Ti:O5, TiOy, TiS) |  Colorimetry Tizs |
(TiN)

Ti=0°002(Ti as 'I‘i.N) +0°C01(Ti as TiO, Tiz0 TiO; TiS)+0+245(Ti as TiC)+0°003 (Ti as Metallic Ti,

0°243 4.0,
- 07247 0-2455 T
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HEDREDHE CORBICIIAM No. 2 2wy
tz. #2@ X Ti 3 0.365% Tahb. LLTIRONBZER
WIBWT, T3kt 2 HCl THRAUEL T HCl OJREE
s HCLH] M Ti 3 X ¢ HCl Rt Ti g {EICs

IFTEEL | b7z, DX HNOg DitEEsS HNO;
A Ti 3 X HNO; it Ti s L¢80
B, FeeN. HCl TalEEE AR OBL TA
Bﬂf.: HCl Rt ATz 753 H: SO
UEEEDS HoSOs TIAYE Ti X0 HeSOs RN TiD
A I TFEOERIE Lo L B hlk®
6N. HCl TH#L 2@ HCl Rii{EE» sN. HNO,
THIRL TA SN T-HNO; RNEEREE 2 B TfF o1,

(i) HCl jREOESE: #{3E HCl OiREE2ZEMLIL
THRL 1% HCL afiaf: Ti & HCL il Ti &%
BRRIEEL .. OWEERERO2E¥DOTELTH S,

DIFEERE: JIS It X AERHN GEEE) OOFER

(B ERANT IS 1T AEIEDIREED AL 2F51EL 72),
JnEhiERE: 1°5h, #E: EEER (B —EiffD),
HCl oiupE: 6N, 3N X 1°5N, & {7 19g
B #9 200cc (BRE 1 gTDWT 20cc). KERFER
i3 Table 4 DT L TH 5.

HNO; %5 X FH:S0s DREOHEDERITI T S
IEOHEDEROBE & AROOFRES L U BE%
A, ZhonThOBA’ $F0BERK 10g U

‘ﬁ%ﬁﬂbfﬁmfﬂﬁwﬁﬁ%béﬁt.

Table 4. Influence of concentration of HCI
Results obtained Ratlo to tctal Ti
Reagents HC] HCI | Total HCI " HCL | Total
(HCI,N.) sol. | insol.| Ti " insol. | Ti
T1 (%);Tl (%) (%) Tl (%)TJ (%) (%)
6 . 0.004; 0.357 0.363? 1.10 : 98.90 . 100.00
0.004 ¢ 0.360 5 4 ;
0.004. 0.359 ' :
3 0.004 - 0.358 | 0.362° 1.10 . 98.90 ; 100.00
0.004 : 0.358 ; : ;
0.00410 .358 : ‘ !
1.5 8883 Mmpos-| — : — ., — . =
0_'003 sible ! ! ;

(i) HNO; jLEE@HE (HCl RisiEEs HNO,
BMEEE L THOMEL, HNO; wiEtE Ti & HNOg Rl
Ti &R T 5. COHBADOHIE HNOy DiRE 28N
BIX AN SRR UDTZOEERL 2. &
L BT 150ce % e SRR Z g th
LU, EBEER I Table 5 QT EL{ThAH. LDE
EdERC & Dk#E HNOs DiRED 8N THDT 4N
THOTHERE U TR BERES L LI T &S
Y 4%t

(111) H,SO0, JMEEDEE: 338 HySOs DilES 36

18N %6 L of ON ieZ ¥ L T, HNO; Rk
BB L b
1T 50ct % VT EIESS A S TnBVIIE L, ChIiCEL
BRI 3h BlETH 2. EREERIX Tables 1T
FTCELTHAD. LOFERITL S E HeSOs REIZ36

Natvd 18N »SEEET & 323 0W e EOME 2% R

Table 5. Influence of concentration of HNO;
Results cbtained Ratio to total Ti .(%)
. Reagents . . f ) i
HCl insol. residue | pojgol | Total | HNO; sol. HNO; insol.| HClsol. | Total
(HNOs, N.) HNO; sol. HNO; insol. | ' |
- . 31 . i (% i (9 i (> 1 (2% . 1 (% i (¢
Ti (35/0) j Ti (%) ! Ti (%) Ti (%) Ti (%) Ti (%) l Ti (%) E Ti (%)
0.347. ‘ 0.010 0.007 i ‘;
. 8 0.346 0.010 0.007 0.364 95.33 2.75 1.92 | 100.00
0.347 | 0.010 0.007 1 ;
0.345 [ 0.011 0.0C6 : ;
4 0.345 0.013 0.006 0.363 95.04 3.31 ¢ 1.95 ,  100.00
0.345 0.012 0.006 i 1
Table 6. Influence of concentration of H.SO,.
) HCI insol. residue ' Ratio to total Ti ()
Reagents HCl sol. HNO L id Total [ ] ] i
) HNO; sol. | 3 insol. residue | HCl sol. {HNO; sol. H.SO, sol.| H,SO, Total
(H3;S04,N:)| Ti (%) ; H,50, Ti (%) insol.
' Ti (%) Hg1§04° 801 insol. ‘ Ti Ti Ti Ti Ti
| T8 | 1 _
9 0.006 0.336 i 0.004 . 0.007 | ! :
0.006 0.335 ! 0.004 ' 9.007 0.352 1.42 95.45 ! 1.14 | 1.99 . 100.00
0.006 0.336 | 0.004 | 0.007 ! | | !
18 0.006 0.349 0.003 L 0.007 ' | i -
0.007 0.347 l 0.004 I 0.007 Log. 366 1.91 95.00 | 1.0 1.91 | 100.00
0.007 0.348 0.004 | 0.007 !
36 0.006 0.346 . 0.004 .| 0.008 | [ i
0.007 1 0.349 L 0.004 I 0.007 0.364 1.65 95.05 1.10 2.20 | 100.00
0.007 | 0.346 | 0.004 ! 0.008 | !
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(3) Ethylenediaminetetraacetic Acid & (E.D.
T.A. %)

78D KHSO, #i2 Ti %2 |EXKSGHL TW L BERT
Ti OBKPHLBZENDND 5. T2 KHSO, RISV
OREHR LU DOIDI 2 DRI 28 4 5 K Ehd
5. ZLTTi ORBEDHICT OV THET 2D 12HER,
B W.F. Pickering®® 35 X 08 % MALD A & 2222 4
‘%z 72 Ethylenediaminetetraacetic Acid Disodi-
um Salt (CioH;s0gNa,-2H;0, E.D.T.A. #3%) %
WT Ti ORHEDEES &7 DER B RS T NS
CEET S TIROVTHER T BTHS £ &% D
T2 BIFZ ORBRERIC DN TONS.

E.D.T.A. pidick 3 S-H $kfd I Ti Oxft
COERERFTHICE XITE tec Hur Ti 0°0001lg %

BT B 5% HoSOs VAWl L7¥ lcc FuiT Fe 0'26g

BEAET 5 FeCly ik & IR 12. Ti SHEHIEIT

0°0033g —R &85 X 5 ICRBL 12 3RO # iR Fe
i% 0, 0°52g, 1°30g, 2'60g ¥ LU 5°2g Lzh
FNZER LD THEML E.D.T.A. O 5% 5% v
THLZDEBEITDNT Ti BB E L 72, Z0E
Fe 026g, 5'20g DAL Fe 41 4 L BE D=9
Ti & Fe LOAHNIEEET D 5532 DLOBE IS
BEIBET H 5 C Db NI, 3 IR NEBELOF
EHRPEQIIDTH BB LA DNTIIERTS. DX
Tt No.2 Z2FT Table 7 iIc U252 TEF 3
Ti 2EEUT. Z0OFEIE Table 8 2R:dC &L T
& 5. _ - ,
LDWER»ORON D & 5T HatEhayy 0°2~02g
DEBTHDOT, lg BihdIZEND - TIRASVHERE
1 NH,OH ZAnic & 5 Fe(OH)s DK b 1@
ENHED THRESHIRER MA bNBL & 22D
7. ’

E.D.T.A. thic & 2 Ti OREIEEE 4 # 75 ik

Table 7. Rapid separation and estimation by means of ethylenediaminetetraacetic acid.

Sampie

Aqua regia 30cc. add, Heat,
Heat to evap,HCI(1:4)40cc.
and hot water

Decomp. Dryness, Cone. HsSO, 2Ccc. add, Hcl (1:4) 40cc add,:
add, Heat, Fil., Wash with warm HCI(2:100)

{

Residue A

Reject

5% E.D.T.A. solution
Alkalified with 30% NH,OH,
10~20cc. add, Fil.,

¥

Filtrate A’ —l

add in excess, NH,Cl 1g. add,
After cooling, 109, MgS0, solution
Wash with Dil. NH,OH (2:100)

Hot 5% H,SO, aad, Reject
After cooling, H,PO,
Sce. and 39, H,0,
Sce. add
[ Colorimetry Tiz, 1

(ETi)

Table 8. Influence of weight of sample. .

|
Exp. No. ~ Wt of sample (g) ‘ - "Total Ti (%)

1 ! 0.2039 0.365
2 0.2033 0.365
3 0.2064 0.364

4 0.5139 0.365 -
5 © 0.5124. 0.365

- 6 ’ 0.4995 0.364
7 1.0224 0.364
8 1.0026 0.364
9 1.0030. 0.363
10 1.5361 —
11 : 1.5293 —
12 i . 1.5338 —

gt: * ED.T.A. E» W3 5% ED.T.A. &

CEEEHTB. - -

Table 9 (CRTTEL ThB. THILLTH D TR
No.3 X" No.4 2HNTEREEL BRI,
Table 10IL/RT CEL ThB. LIBEZFEICE Table3
WRU HETHH LI R . CofRe kil
E.D.T.A. ¥i3a1ke KHSO, ¥:&i3 & AEZE I
SHERREL T 5. ED.T.A. BT 6_TH
DD LTI T &, BEMREEMIDNC &, 57
FRSEET X A L EEDHRAIBNTEIDTNS.
%, BHICET 2B KHSO, o 70hitiL
E.D.T.A. #2% 35h TREY 5.
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Table. 9.

titanium compounds by E.D.T. A ‘method.

HCl (1:1) add, Heat, Decomp.,
Wash with HCI(2: lOOO)W'u‘m

and hot water

| Sample I

Fil.,

Separation and determination of metallic titanium and nonmetallic

I Residue A l

HNO4(i: 1)add,
Heat, Decomp.,
Wash with warm
water

3

l Filtratz A l

The same as(V,KHSO,
methed)

I Colorimetry Ti% l

I Residue B I

Conc. H:50. add,
Fil., Wash with

Heat, Decomp.,
warm water

-

-

(Metallic Ti, TiO;)

Filtrate B |

Residue € !

Aqua regia. add, Heat, Decomp.,
After cool- ing, H.SO0.(1:)add,

Heat, Fil., Wash with warm water
¥

l Filtrate D I

Heat to evap., Dryness,
After cooling, HCI{1:1)
add, Heat, Cool, 5% E.D.T.A.
solution 3Ccc. add, NHCI 1g.

Evap. to dryness, HeSO,(1:1)

Scc. add, cool, 595 E.D.T.A. solution
add, NHClig. add, Alkalified with
309 NH,OH, After cooling, 109
MgSO0, solution 10~20cc. add, Fil.,
Wash with Dil. NH,OH(5:100)

; - dd, Alkalified with 30% NH,0H
LRes due j Filtrate F 7 Attor co:}in; nc_‘;z MgS/O, solution |
Reiect 5}3;01.%113‘.'2..»?. solution 3tcc. add. e, 2dd (;T};li's:%?)ih- Precipitate A | [ Fittrate C__ |
with 20¢5 NH,OH, Cool, 10% Rejact
MgSOy solution 10~20cc. add, Fil., 5% H.S0 .
o Vash with NH,OH (5: 100) Precipitate B__ || Filtrate ]| Atter sentin”
| Precipitate C 1 Hot 5% H.S0, Rejzet ?3?01 Sce. and
A add, Aft % HeO: Scc.
](-:Iot 595 H.S0, and add, Reject c ll'ng leirPO =dd .
nd .. ooling, H,PQO,
SCZ?I;;éjPO‘ ¢ H.O and 324 H.O, L
5cc. add o
[ Colorimetry Ti% j 3 | Colorimetry Ti% ‘
N (TiN)i Colorimetry Ti% ] (Tic)
. _(TiO, Ti:0y, TiOy, TiS).
Table 10. Results obtained by E.D.T.A. method and KHSO, method.
Results obtained by E.D.T.A. method 1 Result obtained by KKSO; method
1
No. of ) : i
l i+ Ti as Ti as H ‘ ‘ . T1 as Ti as 1
Wt of ‘} Tias | Tias ‘poailic| TiO, Total [ Wt of | T]_as | T1: as [ metallic TiO J Total
sample sample ' TiC : TiN I Ti émd ,TT6203’ [ T ; sample H TiC ’ TiN | ri[rliémd :TT(i)ZOE' di Ti
. o 4 © TiO3 11 2and o o o { ! 103 1 2 an of
(2 (/’) (%) (%) |T:IS (%) (/9) : (g) ﬂ (%) | (%) E (%) ,Jsz (%) : (%)
3 5.0106 0.349 | 0.008 ‘ 0.007 0.004 0.368 8.8380 0.345 0.008 0.006 ‘ 0.004 0.363
5.0122 0.350 0.007 | 0.007 | 0.004 0.368 8.8367 0.347 0.007 0.007 0.004 0:365
4 3.0026 0.132 0.007 0.043 0.003 1.185 10.0476 0.131 0.002 0.044 0.003 0.180
3.0044 0.131 0.007 0.043 0.003 1.184 10.0291 |- 0.130 0.002 0.043 |. 0.003 0.178
) — . Table 11. Materials employed for analysis.
Iv. %%b\%iﬁéﬁ%;f@ﬁaﬁkﬁﬁ@'%%ﬁéﬁ
. Compo- ! ] i :
“~._ sition ! i .
FEROEBREFIC L Y FEENEREL ILHIERICRD D5 ~._ | T.C . si 1 Mn ; P S | TiC
"~ .
. i | |
BN EWFONBDTH BH I BILCNBHIRT 572 Sepei- "~ | ! |
DI DEDOEMRPIT DI, Gray cast iron' 3.38 1 1.60 | —_ — | =
(1) HE&Ee TiC a@[E‘AA%JHHOJ TiC kX Uf& Tic? — ' — — | 99.53

B Ti OF& ,
UE SO S Table 11 &CT?@%OD Ti %»

Table 12.

a) Supplied by Sumltomo Denkikogyo Co.

Results of analysis.

EFL TRV ESESOENE 4°98g 1T L RO

Ti as Tic (%)

Metallic Ti (%)

By : ! By A
“analysis lcalcx_.ﬂa\txon

By By .
- analysis" |ca1cu1atlon

59+5395 D TiC 0°02g /AL b DRHAPEL T Ar:lvsis

+EE@ E.D.T-A. BT 2 TZ0 TiC B 1T

‘Metallic Ti DO5HF 2012 M-1
SIREER  EERERX Table 12 T Th 5. I\l\i-z ,

ERASo) 57&%5’;&1@;5‘%&‘&571%1: TiC &Y H o075 .

0.3280 0.3184 0.002 | 0.002.
0.3280 ” 0.002 "
0.3300 ” o

0.002

— 57 -
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WHIEP A SNIZDTH 2 L0 EN»E Tisk
D TiIC 3 JU'&E Ti OfEEREREE L Tikise
TNEAFETHBR L EDTERINSG

(2) 4 Tiggh* HCl TOHEL TATEHEDO X _
R

KREFB AEBUTHO NS Table 11 RL
THEEE 99753% @ TiC 35 X ¢f Table 13 2794

Ulc 3k, EEI2HEL THM2Ir2. Zh%24h
BLEMTT 3 & LEOROHHERRT T 3354 L KR/PR
DR %2 59 2051 176D TEMETIE & 3 5 ETITHEK
BEOILEBHLTED SNt LHULREW S IR»2ROT
DEDOHRBICHET 23S L3 DTHDI:.

Z CTREEM 2T 5 M2 BEMICEREL .. o

SR D EESRICiE Sp. gr. 2°9 LITFD DS

D S-H $8ThH 2. HEOHIBR 100 x v vadAik BELTEEY, ElEASTHHEL SOVEBEF MG
WD RITHIG L T TiC OmHSSEERIC#EL 1. BTEL Ut FEASH RS BB & 75012, C OHRIE%
Table 13. The composition of S-H cast iron specimen.
: ; - N, (%)
3 T.C Si Mn =Ti ; 2
Sample No. (%) (%) (%) (%)  TNTn HCT T NTim FCI N
R soluble insoluble -
6 3.58 ' 2.35 t 0.44 6.264 0.0013 ‘* 0.0017 0.0030
Ti ¢ in various forms Ti ¢ in all Ti compounds
i . . ! ‘ \
Tias ' Tias Tias metallic %1. ag ’1:1{% ‘Ti (A+B: Ti as ! Tias Ti as metallic Tias T10 1
TiC TiN *Ti and TiOs | lgl 4581 +C+D) | . Ti and | Ti;Og, T102 Total
(A) (B) | ©© i an (]5) : i TiC TiN TiO; j and T J
i P
. X : ! i ‘ i
0.253 | 0.003 ( ©0.003 E 0.005 | 0.264 | 95.83 BRI 1.14 } 1.89 | 100.00

} 1

X ARIO8E 3RO X 5 gL 1z S-H &
§iy 250~300g RRIFLICHIT 3 E @D ET 6N.
HC1 2°5~31 % & DTUMEGIBEL ¥ 4 » b K@%
PG TCIRERGA L, Fe 4 4 wdi/sd 7152 % T(2: 100)
HCL {5#i3s & VIR TEEIRL 10 20K a2 ik

2. COERREIEE R-1 OK413 Table 14 @ &
CTHRDOTRMHEBEHLTHD Si 1 HFB LY TicC
{EEBDORBEGBZD > bILEIN TR TTH 5.

.

Table 4. The composition of residue.
¥ h i
Residue No. ﬂ 3Ti (%) : 3S8i (%) E Rest (s5)*
R-1 ) 3.735 26.75 69.515
R-2 3.925 26.28 69.795

* The rest consists of almost graphite.

L DD 5 3 51 TiC [{bEBi% 5T 212D ICE
WOHEERZRA B LIz, TiC, TiN, B4 OHE
ZZNZN 5°01,5°4%,2°552D THEH SEMKEL T
K1 & Hgly & OFEREOKBHE TH HHE 2°9 © KHgl,
BHEORRAUIZ. & 5050 QBRI EROER %
WV 3,000 1.p.m. DEDAEEEEE IV TERIL 7205
O _EERSICEEDEEL TAROERICIIARTHED 5
NA3BEDOIOR2RHT T LB TRishOMN0.

DD LD THEHEN 4cm, EX {9 15cmOD ik
PHCERR & ) CRIREER I 7 AETHRSER

fADAERHT & H TN 2IHBLFRASTARL K E & 818
BRUI. O R-2 ZEKEAGTH H T ORGSR
Table 14 QT &L THhOTRFICRL K R-1 &£ (3
EAERWET Ti @F T OVTIEDMICKENTED 5
N, LI 2 TERE R-1 & R-2 LiFEEALH
—ICIITRENRILDEDAEDED D THH T EH
Hgans. 2l Cikir2 A 98K R-1, R-2 % X%‘%
ST ARsHc e b Table 11 wRd TiC 2L
Tkt d 5 L iz,

Xgatithis SO ZDER  BoRIRRO E5Eo R-1,
R-2 3o J O TiC 2R % AL CERE 1*5mm
@ﬁ%ﬁbCﬂcxﬁ%l%@bwf¥%ﬁﬁ%k%b
F AR ERXROTERIC S DEFT XA <2
bV RERERIE LT, CNLOFHBEER2A S L
i R-1, R-2 OSHICEE TiC OFEICK 5 &
F—DfiFic TiC OTHERMEVEON TS HEE S MIT
N5 0FEMEHNC TiC BEFIN TN BT EVEDN
% .Fig. 1-a i348# TiC @, bIIEE R-1 OX&HA
Ry MNBPHIBIWIIEOTLOEEPERICEEEL T
Wh. 3B, INGOTHEEEIMMD Ti{tEHEEA
5N 5 OOFEEHENEDLN T VERED 54724
&3 EROBEFEADO Ti i KEs» TiC OEETEE
ANTHNBT EDHEEINS.

I 5T IiEE R-1, R-2 wagantis TiC OF
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(/-a):
Sample is TiC prepared by Sumitomo Denkikogyo Co.

1" /0 3 8

(/-b) Sample 15 (R-1).
7 ] ] 7 3 G 7 ] 7

Fig. I. Results obtained by recording X-
ray diffractometer.

Bt TiC SR DO Z N & D BRI IR EL
LTNBDTH BB CNEEBEICESE s T B TiCkr
ORIVED THIBTH B>, HBVIFEDS LILTIN
DL EPAVEEL TOBHBIDTHAEE AL LR
B LU 5 ERe 50 IdEROREEIEREOER 2
L THEA B L& Tighkno Ti ks TiC ©
FREICH DT Z DMMORED Ti ORRBED THETH
25 5% R-1, R-2 © TiC OFHHiad 6& Ti
Gk TiC 13D THMSIRETHEEL QWA T &
DHEEROND. LrDAZ L3S Ti BEESOM»
SEMiciEER 9 5 & TiC $id Photo. 1 35 LN 2R
LDIF LA ETNTORMBAICEMU THFEL Thds
EOMERFEEOKE U THERAL TV A T &5 & gk
n5. & Ti B HCl Ry 5 TiC »E
WHHES A C EDETRD & 5 wHEEZFEEO | 2L L
B EWBRINEDITH 5. '

V. & UTSHSRO T BRITERER

(1) Sirate
HMEROERAERRIC IR THEORMO Ti 215
FEELL TC. BUBHE ERIIL TORERRUA OERIES X ORAHIX

Table 15 QT L THOHFROKR TN, (1) TON

TZERFRTH B,
(2) KHSO; it k3 EBHER
FEROREHCOWT KHSO; HIC L bl 1 isE
i3 Table 16 DT EL{TH 5.
CORBFRIC IUE TiC LT Ti @<,
ZDMMOFRED Ti BWEDTHTHB. 2¥iInbo
BB EFT 2R R2EBETERL 2. HTED

ERRE I EHVERRTH 2HCEWT 5. SITRERE

Table 17 TR3TTELTHSD.
LTk 5 &80 No. 12 (BEEISEE L TR WL Iz &
BOHIKELZETHEHSH MO i, 3T

Photo. 1. X 1200(1/2)

Microstructure of S-H cast iron. Eutectic
graphite structure: (A)
Composition: T.C=358¢,, Si=2'06%,

X2 Ti=0"398%,

Photo. X 1200 (1/2)
Microstructure of S-H cast iron. Eutectic
graphite structure: (A)

Composition: T.C=3°599,, Si=1749,,
X2 Ti=0+1879,

HCl RBEENDFH HCL 5iEHE N X b 3 kKThH 5.
TiN & L TONZZ® HCl R N Bcg g T
BOTH B, _Ti OHHFEL SHEEL 12 NOfE L K
WEBL N OEEORICIRD LD O 6 225 3505
EALT, SI HFEEAL T3 N BYBSZOOTIRS00H
EEZLNB. L LEh 5 S-H SFEEFANTIIfmD TH
BT 5H TIN LU TO Ti BELET ST &3
Tdh 5. Table 16 OFERITL 5 L ED 2 Ti Y70
% LI IR AL Ti & LT HEL, 9 20% ko
Ti PERICEBL THB0HWBERE Ti ThHH, 20
by v Ti, BibeE Ti L0 {usR Ti
ThHb. ULIWDOT S-H GHPETN T3 Ti @
T4 TiC MO Ti THhH, —hd ZTi el
THD 2HERESN 97%, BEH 69% THo1r.

TERR R LS EREHTHIOTCHSE Ti A

ko TEEL B O Ti 23T L0 S-H %05
& LAKORETHEEL Ti o412 TiC Bo Ti
TdhsHT ERED T,

I TLORBRIEEDFITANICIS W TREL 2L 2
2R T 2B TIRRFSHERNEHMOE DL Y b
ChWEET S Tif, RIS Ti B/ TER{GHR
Ti BIOpitHE Ti, &»HA0IE{LHE Ti B0
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. Table 15. Cast iron specimens for sampling and their composition.
No. of j Cast iron specxmens for sampling Composition of cast iron specimens (%)
?ample X - o Ratio of eutectic { o 7 « |
P . ' . | ' -
cl,;s?sna ! Kinds araphite to total T.C Si I Mn P S Ti
graphite carbon* |
5 S-H cast iron @ | A ' 393, 158 — . — | — - 0.2%
6 r (b) ‘! 3.10 { 1.60 — | —_ ! _ 0.150
7 " ) i B 2.73 1 1.65 - = = 0.130
8 i " (d) | A 338 | 234, — | — . — {0140
9 I r (e) ! '’ 3.60 E 1.77 -— i — : — ¢ 0,220
10 ' ®) 345 | 166 — | —  — 018
1 " (&) | " 3.61 | 125 | — - | = 0140
12 Common gray pig iron (h) | Flaky 3.49 ' 1.76 | 0.03 0.008 .  0.016 | 0.010
13 S-H cast iron i) A 3.62 1.62 + — —_ — 0.179
14 Eutectic graphite cast iron (j) re 3.62 1.79 : —_ —_ ) —_ i 0.348
15 The same as [¢)) (k) C 3.45 1.76 — — — 0.038
16 S H cast iron m A 3.38 1.40 0.58 0.174 0.039 0.251
. 7 See the_an report 28 o L -
(a) Sample obtained in the experiment No. €6 in the 3rd report.3®
(b) Sample obtained in the experiment No. 99 in the 3rd report.
(c) Sample obtained in the experiment No.101 in the 3rd report.
(d) Sample obtained in the experiment No' 111 in the 3rd report.
(e) Sample obtained in the experiment No. 113 in the 3rd report.
(f) -Sample obtained in the experiment No. 119 in the 3rd report.
(g) Sample obtained in the experiment No. 121 in the 3rd report.
(h) Sample obtained by melting the common gray pig iron as raw meterial in our
. experiment (unpublished)
(1) Sample obtained in our experiment (unpublished).
(G,k)  Sample obtained in our experiment treated with the metallic titaniun (unpublished).
n) Sample obtained from the STH cast iron specimen prepared by K.K. SHIMADZU.
Table 16. Results obtained by the KHSO, method.
Ti % in various forms i Ti % in all Ti comnounds
Sample T T [ - ' - } \ - "‘“';‘_' r‘"""’ T T
Ti as Tias T as Metalhc | Total Ti . Ti as Ti as Ti as Meta]llc {  Total
No. TiC TiN Ti-oxides | (A +B+C ! {Ti-oxides ‘ '
(A) (B | AaAg TSy D +Dy . Tic | TN fadTiS T [ T
0.150 | 0.005 . 0.004  0.088 - | 0.217 i *
5 0.158 i 0.006 - 0.004 ' 0.056 0.224 » 69.69 P27 1.81 25.79 1 100.00
0154 : 0.006 ' 0.004 | 0.057 0.221 | | _
0.114 4 0.005 - 0.004 i 0.023 0.146 i ! !
6 0.115 + 0.004 ©0.005 1 0.023 0.147 77,70 * 3.38 3.38 15.54 ¢ 100.00
0.115 F 0.005 ' 0.005 r} 0.023 0.147 ! i ;
0.084 E‘ 0.006 . 0.003 y 0.025 0.118 : I - ‘
7 0.084 0.006 © 0.003 ¢ 0.025 0.118 ¢ 71,19 5.08 2.54 21.28 E 100.00
0084 | 0,006 ' 0.003 | 0.025 | 0.118 | ! i
0.092 0.005 ¢ 0.005 0.028 0.130 ; : ©od
8 0.095 0.006 , 0.006 0.028 0.136 | 70.15 © 4.48 4.48 20.89 100.00
0.094 | 0006 | 0006 | 0028 | 0.133 ! :
.137 0.005 - ! 0.003 . i
9 0.133 J 0.006 i 0.004 0.043 0.186 . 72.58 ‘ 3.23 2.15 22.04 100.00
oigs | poos | ggor | gem  giss -
10 0100 | 0011 | 0006 : 0.052 | 0169 . 60.23 | 6.43 4.09 29.25 100.00
‘ oob%asos ‘ 8.0%11 : 00.005‘)7 i 803150 * 31%770 ~
i 0. .009 i 0.00 i i
11 . 0.091 0.010 ‘ 0.004 0.023 . 0.128 71.68 7.81 3.13 17.20 100.00 .
00T oo’ et S | Qo -
: 005 ¢ 0.002 P 0.001 .004 L 0.01 i
12 0.005 ¢ 0.002 0.001 0.004 . 0.012 41.67 - 16.67 8.33 33.33 100.00
OB CRes  Gost  ooat | o ‘ |
i 1 - 0.002 . . . | i .
13 : 0.130 ©0.002 0.003 0.043 0.178 72.78 i 111 1.67 24,44 100.00
gde pem ggs oo | e * f
14 0.542 0.001 0 003 { 0.043 0:589 } 91.33 E 0.18 0.69 i 7.80 100.00
ofET | geor g | sows | oge | -
5 . . . 5 !
15 | 0.025 0.001 i 0.002 ' 0.008 0.036 " 69.44 . 2.78 5.56 | 22.20 100.00
(oges  goon [ ogor | gem ege |
16 | 0247 | 0.002 : 0.001 | 0.003 0253 | 97.61 i 0.8 039 | 120 100.00
! 0.245 | 0.002 : 0.001 0.003 0.251 oo i
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Table 17. Determination of nitrogen contained in cast iron.
i
Sample No. | HCI soluble N. |HCI msoluble N Total N Ti as TiN in 1 TiN pct calculated N (%
(%) | (%) table 12 (%) (A) | from (A) (%) (B) ~A)
[ 0.0020 0.0081 i 0.0101 ,
5 0.0020 ! 0.€079 0.0099 0.006 0.0C8 0.002
0.0020 ! 0.0080 0.0100 )
0.0030 0.009) 0.0121 .
6 . 0.0035 0.0085 i 0.0120 0.005 0.006 0.001
[ 0.0033 0.0088 ] 0.0121
0.0030 0.0131 . 9.0161
7 0.0035 0.0130 | 0.0165 0.0C6 0.08 0.002
0.0033 00131 0.0163
0.0030 0.0081. ! 0.0111
8 0.0030 0.0081 f 0.0111 0.006 0.0C8 0.002
0.0030 00081 | 0.0111 :
¢ 0.0030 0.0081 0.0111 , )
9 ‘ 0.0030 0.0081 0.0111 0.006 0.0(8 0.002. .
r 0.0030 0.0081 0.0111
; 0.0030 0.0071 0.0101 .
10 ; 0.0040 0.0071 0.0111 0.011 0.014 0.003
‘ 0.0035 0.0071 0.0106
: 0.0030 . 0.0071 0.0101 :
11 0.0030 0.0071 0.0101 0.010 - 0.013 0.003
0.0030 00071 | 0.0101 =
; 0.0024 0.0022 . 0.0046 SR
12 g 0.0024 0.0021 0.0045 .0.002 .0.0C3 0.001
* 0.0024 0.0022 0.0046
0.0006 “ 0.0040 0.0046 P i
13 0.0009 0.0040 0.0049 i 0.0(2 i 0.003 0.001
0.0008 0.0040 0.0048 : .
0.0010 0.0189 0.0199 i
14 , 0.0010 0.0191 0.0201 - 0.001 I 0.001 0
‘ 0.0010 | 0.0180 | 0 0200 : '
I 0.6020 ! 0.0202 0.0222 i
15 0.0021 0.0200 0.0221 ; 0.001 ; 0.001 0
0.0021 0.0201 0.0222 | ’ :
0.0013 0.0022 0.0035 i
16 0.0010 0.0029 0.0039 P 0.002 0003 0.001
: 0.0012 0.0026 0.(037 !
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