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Analytical Chemical Investigation of Sulfide of Rare

Earth Elements in Steel
Kozuo KAWAMURA, Shiro WATANABE, and Tokio SUzZUKI

Synopsis:

In order to establish a method for phase analysis of rare earth elements in hot rolled steels, the che-
mical behavior of various compounds of rare earth elements, both synthesized and extracted from the
steels, were investigated.

The extraction of compounds of rare earth elements from the steels was carried out well by electro-
lysis in non-aqueous medium, and the extracts were found by X-ray diffraction to contain sulfide, oxy-
sulfide (RE),0,S and/or oxide of rare earth elements.

The procedure for phase analysis of rare earth elements in steel is as follows:

(1) 0-5~2g of sample is electrolytically decomposed in 600 ml of methly alcohol containing 5%
triethanolamine and 195 tetramethyl ammonium chioried at a current density of 50mA /cm? under nitro-
gen atmosphere, and the extracted residue is filtered. (Separation of combined rare earth elements)

(2) Amount of metallic rare earth elements is calculated by subtraction of combined rare earth
elements fraction from the amount of total rare earth elements.

(3) The extracted residue is then treated with the 50 ml of I,-methly alcohol (10%) at room
temperature for 30 min and filtered again. (Separation of oxy-sulfide and oxide of rare earth elements)

(4) Amount of sulfide of rare earth elements fraction is calculated by subtraction of the amount
of oxy-sulfide and oxide of rare earth elements fraction from the combined rare earth elements fraction.

The method for phase analysis was applied to several hot rolled steels containing various amount of
rare earth elements and sulfur.

The result showed that the anisotropy (C/L) of impact values, the ratio of impact value normal to
rolling direction and the one parallel to it under the same condition, is considerably effected by the
vielding rtio (r) of sulfide of rare earth elements

<r= S as RE sulfide )
S as (Mn sulfide+RE sulfide) /.
The relation was observed to be approximately represented by the formula.
(Received Feb. 9, 1974)
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Table 1. Chemical composition of steel sample
examined.

E
\\\\ RE*| S | C | Si [Mn| P | N
S

A-110-04 | 0005

A-2] 003! 0-013 0-12 102515 ! 0 017‘ 0-006
B {001)]0:008 016|026 1-3 |0°018 0-003
C (0060013 0:06|0-20|0-2 | 0-001] 0-003
D | 015)0:015 011 { 020 | 09 | 0-004] 0:006

E : Element (9%), S : Sample
* Sampl A-1, A-2 and D------mischmetal added
Sample B and C----- metallic Ce added
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Photo. 1. Optical micrograph of rare earth compounds observed.
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3) SampleA-2
BES=DBack scatterred electron

Photo. 2. Characterisite X-tay scanning image of rare earth compounds found in steel sample.
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Table 2. Analytcal results of rare earth element
in the extracted residues by various
methods (rare earth element %).

Sample A-l A2 ¢ | D
. RE (%) D
et “““‘\~¥N~§‘%\_ 0-042, 0-032 0060 0;153
MGl (1+1) 0-012 0-018| 0-002| 0-060
H,S0, (1+5) 0 018; 0-020] 0-011| 0-080

Cold HNO, (1+4)- —5°C | 0-026) 0°012) 0°004| 0-085

I,- CHuOH (109) 0-036i 0012/ 0030, 0-130
59pNa-citrate, 294 KBr,

__19KCNS electrolysis | 4. alel o .
(f3{ & o 0-030; 0-016} 0-035/ 0130

—300 mV vs. SCE

159, Na-citrate, 30%

citrate, 1-294,KBr elec- . . . .
trolysis (PH3) 0-034| 0-017| 0-C40/ 0-135

—300mV vs. SCE

59, (CH,CH,OH);N,

195 (CHy) ,NCI, CH,OH | . . ]
electrolysis 3 0-042 0-030| 0-U60| 0* 140
+100mV vs. SCE

59 (CH,CH,OH),N,

196 (CH,) (NCI, CHOH | 4.040f 0-031| 0-061| 0-140
electrolysis
50 mA/cm?
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JEANBEEMBEOR RS S, mMEN/REFTEA
R ELoTEE RE 3oz @B bht, £
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Table 3. Chemical bahavior of rare earth compounds synthesized.

Compounds Dissolved fraction (%)
CeS Ce, 0,8 MnS
Reagents Ce,S, | 125 |La,0,8,] €eO:2 | La:0s | gog | MnO | FeG
I,-CH,OH (109,) 87 100 0 0 0 0 0 0
I,-CH;OH (10%,) 60°C 95 100 0 0 1 100 21 31
I,-CH,;OH (19) 71 90 0 0 0 80 0 0
Br,-CH,OH (10%) 100 100 40 0 96 100 96 87
Br,-CH;OH (102,) 60°C 100 100 88 0 100 100 100 100
HgCl,-CH,OH (32) 19 0 0 0 0 100 0 0
Hgl,-CH,;OH (39%) 0 0 0 0 0 90 0 0
Hg, (NO;),— CH;OH (102%) 19 0 0 0 0 100 0 0
Ag,80,-CH,OH (0-29,) 33 8 0 0 0 28 0 0
AgNO;-CH;OH (3%,) 100 100 0 0 0 100 0 0
AgNO,-CH,OH (19) 100 100 0 0 0 100 0 0
AgNO;-CH;OH (0-59%) 86 73 0 0 0 59 0 0

SR (0°29) X URHERER (1%) D » Fo 7oL — Vi
Wk 50~100mi v, Zhic &EUEHY 20me hnx
fasmify 40min {7070 hL, BEEZ = . — 7 vK
74— (002p) To@l, oEBIUEAID
Fhzh RE 2E8T5. 8% Table 3 Ry
EIvmbhbsXoig, JREAF7a— v (10%)
B XUREBER » FAT7 0T~ (1%, 3%) HELET

b (Co target)
Photo. 3. Results of X-ray diffraction of the residue
separated by dissolution with I, - methyl
alcohol (1095).

sulfide 1313 & A KA L oxy-sulfide Js5 X F oxide 125
BELZsV. L L7ahs HIEEEER » 70V 70V 3 — JLIATHAR
kL, L0 REOMLMGHMBSIUCEECSVTL
W UERHEEZS5 25 8D BHDT sulfide Zrpfpk s
LTHABEYTH oM. ZOfRER» S, JEKBHEE
THEIEEYRE 2 Fr7va— v (10%) ik CoE
FTB5Z X b sulfide 1A% L, oxy-sulfide & oxide
BEEE LTHRTCENTEL. ZhIVRABCKIT
KB DOBMBRELZRZ A T 73— (10%) B
TRERE, o UTRARBERERERZ XRET Lc s Z
% Photo. 3 (a) D X 5 iz C > 51% Ce0.S 23, (b)
OFF DA BT (RE),0.8 & (RE)AIO; 23580 5
sulfide X E 27 BdLRE»D/. ZOZErbD,
sulfide 2 - DB X OV ELWIBHFTH T L 2R L

2.6 SMPABRLTHETEOKREIINE

DL B ot EtE o HFEL L7<iirh RE O IRRESGAT BRI
KOEEDVTHD.

) 5% MV~ W7 E-1% T S XFNT
BB LS LS BTN R THERFERVE L
roEmREE 2y LT, BREE 50mA/cm? D&M
< RE §H8CGU 0°5~2g ¥ 5. BRETER
Bla x Fou 72—V TIBEF ST TRE % I8
L, BREELDIIC = — VBT T a2~ (0°2p)
FHWCEI | wB LA FUPNMI—-vTHETS.

(& RE i srit)

2) HEw 100m! O=F 7522 B LKREX F v
7oa—b (109%) Bk S0ml #hnz, BEFZAZML
75h35 30 min $14, = — 2V R7T7 g — (02
#) ZHRWCTES v @ L2 F 72— THRigT 5.

(RE o oxy-sulfide 33X (X oxide D435f)
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°C x lhr, 600°C x lhr) %X ¢°EEA (1 300°C X 2hr)
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b RETHEMOEEEITEIEM S IZER UL Thb T Eh
b, ZOBREOEMMETII—RCRADE W RE D
(CeS e EOREAEZEZEIT X D ST LD —F Ligvas
2450°C V9 L EW) RIFLASEELAZIRVOTSH
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Table 4. Phase analytical results of the rare earth
element containing steels.

E C RE as
Total | Soluble bpm& RE as | oxy-
RE RE ig}% sulfide | sulfide,
S oxide
0-060 0-030 0-030
C 0-060 — 0-062 | 0-032 | 0-030
| 0-060 | 0-030 | 0-030

i
! [ 0-013 1 0-140 [ 0°015 | 0-125
D ;0-153 {0010 ;0143 | 0-013 | 0-130
E l 0-010 [ 0'143 | 0:013 | 0-130

E : Element (%), S: Sample

2-8 HEBERAFNEHLEAZFRILDOBRE

DAEOEBREERE S LiT, KBRS S5 7 E TR
i owC sulfide DIKFESIF %2 FT7c vy, RE sulfide o#f
Hid & BEEEA KR (CHED) X OCEEHR (L HR)
OUIEED L, Fiibb FRERS Y (C/L) BEo
X 5kBERicHBD», 7 RE sulfide BExms o &
KX O THBERFEETHETE D2 E 55 L.

ZhoX b EA 35 X OB i oW T IR E 2 ek
% & Table 5 BB S X 5 IO ILERA S157- 50
AR A HAGA SR X B b I REE A 75 ) D (BT E A3
PR A TG I TW5. ZhIZisiduc s
WT RE XU O LHTHFLEEL, E6LDpl
WX DEL LD TWAHDIT, M. oxy-sul-
fide s X OF oxide BPLER L D £ <HFH L, Z o3
iR 5 2 TWEL D LEbLRS.

B A BXOFE B o sulfide O REHTEZITEW
~20°C CiflE Lo lERE & i U7c O THREM IR
D% Table 5 573 . RE sulfide 45471 3~6 [
Tl OEHER TR L.

EERSEIT B2 52530 & LT sulfide DM

Table 5. Phase analytical results of sulfides and impact values of sample A and B.

| RE as Mn as ‘ vE-20 (kg-m)

Ingot O : S RE ‘

Sample pos?;gi?)n* % | (%) \ (%) sufide | sulfide ] C/L
| % | | Ler | e
Al | M-E | 00035 | 0-004 ' 0035 | 0010 | 0003 088 | 181 159
M-C | 00045 . 0005 ' 0042 | 0-006 | 0-004 065 | 138 9-0
! J Lt

. ; 7 :
A | M.E | 00040 , 0-013 ~ 0032 . 0020 | 0013 | 078 | 139 10-8
' M-C | 00033 . 0-013  0-030 , 0018 | 0014 . 08 | 110 89
B M-E | 0-002¢4 , 0-008 ~ 0-018 | 0°012 | 0007 0-71 98 70
| M-C | 00028 | 0008 0016 | 0007 | 0009 = 054 | 106 57

* M - E) middle edge M - C) middle center
*%* L) parallel to rolling direction
*## (C) normal to rolling direction
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Photo. 1 (b) D X 575 oxy-sulfide 2SFH 22 & &—
L.
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gL E%<, S7 RE sulfide & LTHET 5D
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B L, HEEEISE SR
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5.

3. 5 . B

EEER S (C/L) X S&HE, M NEmOR
MEICFEEER ST I2TRRY, <CbDeED
Edie B 2 %540 L LT Mnsulfide 433 % . Mn sulfide

DI E RS L B R, ToWHEELBREEHE

BT oUENSY, BEOWTHRYREL L BIZEER
S OEERYED, FRCEBYRETHHEL{LED
hL, SRR OWTAS EFEFMICE L BTK

Mn sulfide 3% D AFEWC BEAF@DOIETTH ULTH
TEWMECE LWISHEPRE2E CENRBAERE LTOFE
BE2 X0 o DMERHLESES.

DD, TNETRHERE~ONENOREZ S
3D FEHS AT/ Mn sulfide OEH2ES %8
g FCHIE L, EEEASFMOHEEL LETHD
MHE—DEFRNOTH o/, L L, bhbhidsbic
RE sulfide ® Mn sulfide O REESHTHEEZ KT 5 Z &
kb, ZhoOFMIEMERTEOITEEL IR LEHE
fHERET % ERFC, 2o Mn 3 XU RE i€ sulfide
ELTHBIND SEXRD, thi: —20°C CORHE
RS LOBELELMETEZ LY, RERM
B FAET B72DDOFERE L.

47 4b Re sulfide @ S E»S Mn sulfide o S 81T %t
LT EDREDEIERDMKATRD,

S as RE sulfide
~7S as (RE sulfidet Mn sulfide) AL

RE sulfide 0 4k Ho R T 4HENE 7 S IIBIER Kk & &
D X 5 7sBRIC BB D% Fig. 1 X Fig. 2 R Lic.
HWE 16mm O ADFERE Fig. !l i, *)5_(}.;?_' 10 mm
DHE B ORERS Fig. 2 iRt =0 X SOTNTH
Mn sulfide * LCiH#E X+ RE sulfide 0)1*)?{4“_.76374:\/""
LEHbbl, r=1 (f:tSU)'?‘/\“C# RE sulfide & LT
HE X Mn sulfide @*ﬁdﬂ(ﬁ’tﬁ‘f‘: LERT.
m;@RE%ﬁM?égkk;OT@%MM(“m
utﬁ*btﬁmﬁ'ﬁﬁf&u; nekEESh RE OFEING)
BErRFED LS. rmOIBwaosemﬁkﬁEL_

©
o 04t
o~
L
3 oz}
ISE ‘ S e
o2 04 06 08 o
r— )
----- a/b=20 alb=21
o Sample A-} o Sample A-2
Fig. l. Relation between anisotropy (C/L) of

impact value and yielding coefficient(r)
of rare earth elements sulflde for Sample

A
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Fig. 2. Relation between anisotropy (C/L) of
impact value and yielding coefficient
(r) of rare earth elements sulfide for
Sample B.

N EDLOBRLNALWZ &, ZhFETo RE K
IEADBLEETIE r D06 LA ED D DIRIHFTE LV
D LYW D.
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SERIL, Mk, NEWORR, HER X RS
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LT LIIAWEETHS. RE FINC X > CHETEED
AT RS2 X SIWEETEL BTG HEROB Ly
Mn sulfide D4 fkfi% RE sulfide iz LT X &/FiE
BEAFROHEEY*MESRSLTH 5.

LDFHxF i, REsulfide 4%t r DEBEERS
 (C/L) xXETHERELT (2) REeFB=EL
7.

_ b(l—n)

CL=0-E) = iy

(vE—1)
Thbb sulfide DERIC XL BEE (E) &1hlist
DERIZ L HEE (B) THTFTERDE, =00
B WS THE REFMOBSOERER S (1—
E,—E) CREh, it r=1 0B4, #aS+hi¥ RE
X D sulfide 343% RE sulfide 122k LizB&1212
(1-E,) TRENBZEEFEDLTWS. Li®2T,
Fig.1 53X U Fig. 2 wk>TC/Lyx (1—E,—E) &
(1-E,) 2 5HETREN, ZOMBOY 52
ETHDOBFEH eI THY, ZOak L x
EEERFMEC S XET RE sulfide & Mn sulfide ®
PDIRBEE HOSbL, INETO GFHER»L R

(a/b) 3 HF 2BET, BEFHIF RE sulfide i
fESRAEEESICH LIET3)3E Mn sulfide DFh XD
ZERETHE T LSR5,

(1-E,—E) (¥ =0 0L & C/L O%FLEERD
FARTHIABARICHBB &2 0043 THoF.

L Lehis, ZoREEWT E XK E b3k
HMETHY, iR (@/b) b 2 BELIESED Likw
B5 BhERME 2:0 L{FRIKED, Z5EbodhLmkE
iE (@) 3MEERUILELADL (2) RiCRA LEL
FERAZITT E, 2IHEL, 4D E, #kDFDF
WEEZFE L. E 33 A T 054, 3BT 0-49
E, B3EtltAT 0003, ELBT 0°08 THDo=0s8, o
—EDOEERIT BV THOFET b ITERBROBIE (E,
0:09~0-11) »Boh3z b, E, bk 010 fEEL
HEIN/ ZoZ ik ryBlicikorkifs, C/L Ik
0:90 ETHEXNBZLEEZTRL, Thbbr=00L &
@ C/L=0"43 55 RE FHMC X 2T Es : 0°47 21k
EENhBZ EERT.

skie Es (0047) X E, (0010) % (2) izt
AL, EMED r oz & 7S C/L OBEHRE T
iR & L TRDIDOTHMTEITRT. Lo Linds b,
COhiE C/ Lz s XiF T sulfide BRI R RO
BH20LLALEDDLDOTHY, EMHXTHRLL (a/b)
kbl TRIEAD ricIS TR AR C/L oF
hFERE (2)Ric A LT sulfide R HZEIT5
EHEARBIURBB LY 2°05~2113 OFFHTER L
Tk, TOFHE 21 BES5h-

BlbD #ER» L, E; (0:47), £, (0°10) % X
a/b=2"1 % (2) RERALTEEWMED r oFLIT & B
%5 C/L ORHRIE LR L LT EHTRICRL
7.

EZIMEOEAEL D ZOHBOEL ZHHLTE Y,
DL EDPLLMIDOTCIDREEDTHEL LT LD
G LT 2OHRERESE (C/L) oz kik
HETESHDLEbLh 5.

4, &

#irh RE sulfide DREHITECOVWTRIT LAER
DED EMBE LRI

(1) #A9 RE T E LTRARD sulfide, BLkD
oxy-sulfide (RE),0.5 XX ALO; %4 ¥r oxide %
L.

(2) RE OREBHIEE LTLITHTmE 5% b Y
TEI—NTFR 1% FRNIFAFNFPoE=ZI LD
T4 R-2F N7 —VERBECEREE 50mA/cm?

[
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TS, X5 sulfide #FEKEAF AT T —
W (10%) MIBEETHEMET S 2 L X D oxy-sulfide ¥
X OF oxide B 4BET & /2.

T oS RE B HET 5B B b LidOEREIC T
o RE #F& L, © RE LO£%RkDEH RE
ETBHABREWS L.

(3) RE Z&THEHHHNCIIEETHRO S ES
DL VENFEEDRFRRE L5 Mn sulfide A3 LT
WEMED 7 VIR D RE sulfide 287 H U BRSO [
AR LN, EMBOILENT &R LE X b HERE
EMRME L. ZhidfLEEEOEFENE L oxide
B X oxy-sulfide RHFTH LT v &, X HCHLERZ
EXRHERE BRI LW DT B X DS kD2 Tw3
e iEZLNS.

(4) SO EAL? sulide & LTIHBIN5S,
Mn sulfide i X h % < {HE X M H D, RE sulfide
LLTREENESIHALSDSLRETHH 55% T,
TRICEE IR SESS VI EESEEER L L.
oxy-sulfide IZ#HFB XN % SEITE 10% TH b sulfide
I EEBRE IO E R 5 e

(5) s X bR Lo 2 b #iEE

EFLETANERER 5 (C/L) WMz AEZLL
Iehrofe. Zhid RE oS By 7cic Bk
BIXUOHHERE LR WD THS 5.

(6) WMEBERAM (C/L) & RE sulfide DR
() LoRFRRNZkD, FHEFHECHSXIET RE &N
SHREEBMCTIFET 2 Z LB TE .
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