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Behaviors and Phase Analysis of Tellurium in Steel

Kazuo KAWAMURA, Hideaki ITO, Takashi OTsuBo, and ZTomio TANABE

Synopsis:

An attempt has been made to establish the method for phase analysis of Te in steel.
take the forms of MnTe, iron telluride—mainly f-FeTe,.,,

e~FeTe,..—, and free Te which segregates on cooling from the

cipitates of Te compounds (

Te is found in steel to
and, in special case of high Te and low G contents,
7—phase along by pearlite structure; these pre—

except e—FeTe, .4 unstudied) can be divided into soluble Te portion (MnTe) and

insoluble Te portion (f-FeTe,., and free Te) by 2~3N HCI dissolution at room temperature. MnTe can

be determined from the difference between total Te and insoluble

Te, respectively,

Te contents, and by determining Fe and

in the HCl insoluble residue g—F €Te;.q and free Te contents can be estimated supposing

that any other iron compounds do not exist in the residue.
As a result of the phase analysis of Te in the specimens, the followings were clarified;
1) Tein steel exists predominantly as MnTe, and the relative content of MnTe becomes larger with in-

creasing C content.
reprecipitated by heating at 750°C.

MnTe may be dissolved by solution treatment at 1 200°C and after water quenching

2) The ratio of free Te/insol Te becomes larger with increase of C content.

3)

The segregation of free Te occurs along by pearlite structure and this is thought to result from the diffi-
culty of its dissolution into ferrite and cementite.

4) Loss of Te is not observed through the heat treatment up to 1 200°C.
(Received Jan. 8, 1972)
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Table 1. Results of X-ray diffraction analysis of
the composite and the extracted iron
telluride.

. ASTM
Th *
The composite € extract (B-FeTe o.9)
dA | ITobs.| dA | Iobs.| dA I/1,

3-27 M 3-27 VS 3-26 80

3-15 VS 3-15 \AY 3-14 10

271 VW 2-71 M 2-708 10

2-49 w 2-49 M 2-483 20

2-43 w 2-43 w 2-428 10

2-09 VS 2:09 W 2-09 20

2-05 W 2:05 S 2-047 100

1-91 VW 1-91 M 1-91 40

1-83 w 1-83 w 1-836 30

1-65 VW 1-65 M 1-65 70

1-57 S 1-57 w 1-57 20

*

Extracted from sample C, D, F, and G by the electrolysis.

Table 2. Results of X-ray diffraction analysis
of the composite and the extracted
manganese telluride.

The composite The extract* ASTM (MnTe)
dA | Iobs.| dA | Iobs. | dA /1
3-35 M 3:35 M 3-36 15
3-15 A 3-15 A 3-17 100
2-45 S 2-44 S 2-458 95
2:06 M 2-06 S 2-079 80
1-89 M 1-89 M 1:90 35
176 w 1-76 W 1-769 15
1-68 S 1-68 w 1-68 20
1:57 w 1-57 w 1-589 20

* Extracted from sample A, B, C, and D by the clectrolysis.
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Table 3. Chemical composition of steel specimens.

Sample C Si Mn Te S
A 0-132 0-24 031 0-018 | 0-007
B 0-134 0-22 0-28 0-051 0007
C 0:0072 | 0-27 0-019 | 0'106 | 0°005
D 0-0127 | 0-26 0-38 0-114 | 0-005
E 0-0323 | 0-25 1-54 0-090 | 0-005
F 0-0087 | 0-28 0045 | 0-45 0-005
G 0-0146 | 0-28 0-38 0-48 0-005
H 0:0302 | 0-32 1-47 0-29 0-005
s SR

R R AR P 20T Table 3 TR Uis {E240
Oz Zh 3°6kg T oM LA B ARIL
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LigR L.
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LOLEFMENIC X DFER Lz, (Photo. | £57)
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B D V< DpFd RS, EEFHE: f-FeTey,

a) %6000

b) 10000

Photo. 1. Electron micrographs (a and b) of ¢-FeTe,., found in sample F and
its diagram of electron diffraction analysis (c).
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b) x400

a) x400 )
(a) Before the sulphide indicator treatment
(b) After the sulphide indicator treatment

Photo. 2. Micrographs (a and b) and scanning images (c, d and e) of
characteristic X-ray of MnTe found in sample H.

kl@lmﬁc@@%ﬁkﬁﬁ?%kbm,E%ﬁﬁﬁ
VI CELDD7z-

MnTe @ X #2017 {85&EY p-FeTey, &8 Te iz
K LTHERVWOT, b0 FETHERE™ SORIER
I DEETHD, ELSEBE, F,G, H g2\l
Fe A BEMEE T IR T ST W T EED XEE
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c¢) MnKa

d) TeKa e) FeKa

Table 4. Results of X-ray diffraction ahalysis
of the extracted free tellurium and
commercial tellurium powder. :

The extract* Te powder** ASTM (Tc)
dA | Tobs.| dA | I obs dA i
3-87 |. W 3-87 M 3-86 - 20
322 | VS 324 | VS 3:23 100
2-34 S 2-35 S 2-351 .37
2-22 M 2-23 M 2-228 31 |
2:-09 w 2-09 A% 4 2-087 11
1-96 w- 1:97 w 1-98 -8 -
1-83 M 1-83 M 1-835 20
1-61 w 1-62 M 1-616 12
1:47 M 1-48 M 1-47 13

* Extracted from sample A, B,D, E, G and H by the electrolysis.
*#  commercial tellurium powder.
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3 X 575 DIEERD Lo 7.

free Te-----3¥t A, B, D, E, G, H OEMBEED
X SEHIC X DHER L. $F% Table 4 1y, %
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R LNBEREDRDO M2 BB L7, WTFhoRED
Had Mn RS hizseork (Figo 1 (a)2RK).
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L Lic. 753 DG B-FeTeys Iz iL@EIE 7olak
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iR L. , . .
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1 (b)

Zd Te % insol Te L UCt4 Te B (LT
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=L (Fig. 1 (d) &8).
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fEL, BEFD Te 2EE Lz aRIBMITHI->TIX
TEBUEATE & & W R T 5 7cd, Higk 0°5g b0z
m%b,%g#%ﬁQETEngkﬁ?éﬁA%%o
T Fig. 1 (e)liemL7z. :

Fig.. 1 OfEE > SEERIREDS 3 HELLTF T insol Te
L insol. Fe . DA & HITFIFE-EBEERLTVWE T &
B, Li Lo 54T 3 EE Tk g
ETHERMOBECIHEELZ RIWTHELELEZ RS
DTy Gk p-FeTeqy 20mg 10ifEE (14+4) 50ml %
i T p-FeTepy DRIERFHEIC X ZHEFHEFA7. &
$% Fig. 2 1Tk L7cds 20 hr D EYE TRRET 7028 HI%
ExRTEEMBELZONRS Z L5, REOBERIITES
IV EXFR BT EULENRD D L3bhDk.

73 Fig. | WRLBRMOERTIZ 0°5g OB %
) .
‘Somple B gos cole/rolled)
) A atinsol Te/=.Te)
o R e N
90 - —*— - '\.‘(e).
.. Metallic Te (insol Te/sample) ‘\ .
80 | .- | (d) -
oorob | -
P
T sok Somple D (as cast)
> - Y {insol Te/=- Te)
§ aof- ' \i’
Q .
& 30 ‘| Composite g ~ Fe Teos
BRI — (insol Fe/sumple)—L (c)
10 Composite Mn Te ~ (b)
. ({insol Mn/scmple)l
°C 1 i~

2 3 4 5 6
Concentration of HClI (N)

% Recovery is not strictly indicated, being the
unreacted iron and tellurium contained.

. Effect of HCI concentration on recovery
of Te compounds. )

Sample 20mg
HCI (1 +4) 50ml

n
w

) (%)

n
(e
L

insol Fex 100
Sample
[8)]

L1 !
2 45 7 10 15 20
" Standing time  (hr)

(

Fig. 2. Effect of standing time on recovery
of B-FeTey.q. -
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2 QU
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Fig. 3. Examination of decomposition
of MnTe by HCI.
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PLEB A BRI DWW T OBEHER» 5, #Fho Te
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(8) Blic ¥-Te #FEEL, insol Te tDEHEH D
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Table 5. Phase analytical result.

Sol Te Insol Te
Sample* ;
I\T/F '%s Te as free Te S Te
nle B-FeTe 4.9
A 0-0149, 09 0-0049, 0-0189;
B 0-039 0 0-012 0-051
Cc 0-063 0-032 0-011 0-106
D 0-063 0-019 0-032 0-114
E 0-050 0-005 0-035 0-090
F 0-21 0-23 0-01 0-45
G 024 0-08 0-16 0-48
H 018 0-0t O'l_O 0-26
*  As cast
2.5 P TH Te DEEFHZDNT
HEA L BRRWTELEWMEY S, £DETL

BTORESH &I /v MnTe B% Fig. 4 ITRL
fo. ZOBRBIEHRES L7230 L2B LcbD & O
tMnTeR L3255 B 5 H5, T ERE{Lic & hMnTe
MHED Ldb0tBbhs. BREETETORBHRE
FXEEF LicE 25, T3C free Te DABRIEI N
fz.

% 7= Table 5 OHHEEEICDWT sol Te 7B L,
sol Te @ insol Te Txi§ % A& KDTHMRD C% &
RteX¥5% & Fig. 5 BELNE. Zhy LIpici vy
C Te 73 MnTe & /5 2E &5 CEH R LA L Ti#EmT
Lz labins. ik Table 5 0¥ C, D, E 720X

Sample A Sample B
Ascost L | o014 F-—-{ co3s |
As forged
L7
| __tosox 4[ 0ol |————<[ 0038 |
Forging ratio 42
Hot roll (I 200°Cx thr in Ar )

—T—— \I5mm-=28mm

— Air cooled ——-I_ 0012 ]~———-Lo-o38 |

—Water quenched ———f'l 0008 I‘“ —‘{ Q019 ]
‘__C_Igld roll

( Thickness

_22”2—:051_21 0012 ]_;_laos I‘__[o-ozxo‘ -—l O'OZOl

-As annealed

(in Ar flow) I —
—7'%0:C |o-ou3 L-{ 0010 |t—{o~o42}—4o-0|7]

,_ﬁ%?“’f -_.|00|4L _Ioom,l. .|oo4|]>__| 0041]

Te 0s MnTe (%)

Fig. 4. MnTe on a series of heat treatment.

F; G, HOBREXHET5 & Mn §HRBIELT LD
AL Twinu.
MnTe VI$AEFRIC B VWTHE Photo. 2 (b) iR T &

SWHPLRTEIR S, W0edbbnidthl EOodDb

HET S, —FSEMCOWVWTHRS &, Photo. 3ICRT
XS CEEEATHIL D XS R LoD DIEERD b
500
Eqm‘ - (P
300+ B
3 "
‘\S 200 i~ _H/
= c - ®
— .
3 . o€
~ VOO0 *;
~c As cast
Lo b N | 1 ¢ | S | 1
001 002 005 010 0720
C (%)

Fig. 5. Relationship between the ratio sol Te/
insol Te and carbon content of steel.

Photo. 3. Electron mlcrograph of MnTe found in
cold-rolled sample B. (extractlon carbon

replica).
100 E 3
H
]
/a I3
075 /
2 ®G
5 D
|
&
& 050
Y
L\‘: /
c /
025 .
As cast
®F |
1
00! 005 010

Cc (%)

Fig. 6. Existence ratio of free Te in insol Te.
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(a) x1000

(b) x10000 e

(a) Treated with the sulphide indicator
(b) Extraction carbon replica

Photo. 4. Micrograph (a) and electron micrograph (b) of free
Te found in cold-rolled sample B.
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ASTM <~ - o o3 53583 58
0 0o o (=)
s-osss | X © B K& Z238% a3y
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3 °x & R &8 23%5 38
“ (‘\I N [SYRaY) NNNN_ -
‘;1‘! E ;"TTI o
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Ill 'I 4 *’l { 3
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0 (i) o o~ o -

(b) @ & m o~ 8 8 é
L] m Te o [ [ = T

(a) Magnetic residue (b) Nonmagnetic residue

Photo. 5. Result of X-ray diffraction analysis of
the extracted residue from sample B
by the electrolysis.

T ARG LI & e DTSRI LTk D,
Lb T ORELNELL2TED, lpg DEobolx
HExhisrok.

Sample B.

Somple A
As cost ’ - " -
——————— oo F-~{ oo |
I o :
As forged

| 1930%_ ————I_o-owj—-——u-ozts 1

Forging ratio 42

Hot roll . ( 1 200°C % Ihr in Ar)
T —— \I5mm—=28mm
— Air cooled —~4 00!7 “r——1 0052
I~ Water quenched- |- — —{ 0017 l»— ~—~| 0050 l

As annealed
(in Ar flow)

| 700°C [ I » |. I |
71091' 0017 [FFr10017 40050 {0050

L 750%c __[,. __l - L.‘ ' L__l , ,
0% 0018 0018 0051 0051

Fig. 7. Analytical result of total tellurium
on a series of heat treatment.

DEC Table 5 D&HT§ERIC DT insol Te iw7EH
L, - free Te @ insol Te txt3 B8 &%kdD, GhD
Crititbs#5 & Fig. 6 p385h, CEOHME &
B insol Te fiD free Te DEDBEEBEML T
5T bbb,

A B OWEMIC OWTED BT S RT3 -,
free Te X Photo. 4 (a) KRT L diw/e— 54 b AE
LIEITHLTWD 2 E2805 5. D Photo. 4 (a) it
S TRE2 LcbDTHB, ZORBE I~ KL kKE
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U, BT X B EMRUIET X o Tl v 7Y
HOEFEFES Photo. 4 (b) WwiRLA. . =

X 5z ZOEY SOBEMBER WS X DEkE
B4 & RS £ KB, FRARICOWT XA
4% & Photo. 5 IKRT & S FeC DEIAERICIEENI

?fb%i’bﬁ', F 72 FeaC & Te @@?ﬁﬁ%#xé’m%ﬁ)
'rwé Ui fF%C¢A®Tb®m%ﬁ 00 B
ot o vl

Te - fRENC T4 BULEE % % H%&%¢#6ﬁﬁ?
6ljk%16h1mé# Fig. 4 107R L& TRICD
wT X :Te B Lt%i%mﬁ;vi&[ﬁqﬂfb @ Te D&KL
WEER® i o7 (Fig. 7 £8).

3. % %=

3.1 P TH Te DEAMEICDONT

Te IR WT Te {LEED 23X <MLN
TIWBED, Fh 5OMhTOIEREL REMBICRE L
TWBHHDIEINTETIEEAERDI BV 77l Fe-
Te 2 THRICDWTIE J. ViHAVDE LOHREDHBH Y,
#DhT A8 (FeTeey), 748 (FeTern), 848 (Feleiq
ors) FEC ¢ #8 (FeTeroza) & AL, X BREHT
TXoERLTWS. F7 Mn-Te 2 JLRICDWTIE
GrEENwWALD?Y, FURBERGY 573 MnTe & MnTe, Z2&
B, FEBCHERLTWS. SEbibh i ER M
TOWTHRE L, 2¥0REEREE LT

(1) pB-FeTegy - Z O NI E K L e b D235
WRERERLTWLOLCRE L, SAF»LHRELZDD
X ASTM # — F& X< —F LT3 (Table 1 £8).

(2) e-FeTeppeo-- oI F oBHERE
P BT IS TR L ORFELRO D IR S
NibDTH L, MMORBOBERCIHFE LTI
P LA BIEC, & Te HMCOZ LT PICHITHTS
%@&%ﬂéné(HMml%m)

(3) MnTe-- sz E 20p LA B K & 7s MnTe
S LTH Y, chbid E. Berana O#HE LTwW5
sulphide indicator® DMIRZ X Y B AR TEL
BCX DL b0l ZOLBIER X ) MnTe Oft
ic B-FeTees /s £ DFERTE 51D LBbNBM, HF
SEAMEE CEIZST X BAEW, b5V IRITHIEEVE Y
5ufBETHY, —F PB-FeTep IREWVDHDTD 3p
B Ll 27T, REMCEHETE v LT
B, ERRICHRAEDCSE bR XD LBEALEW
VXIS St ot s, Thid B-FeTeyq i3 tetragonal
Y, e-FeTe,. 3 orthorhombic TH Y, — %5 MnTe
I3 hexagonal TH D CHDRDOBRMEFHET S LV

5z iciRET 50 LSS, Table 5 iR WT
HECx XU F T3 Te as MnTepr LEH L7 Mn &
petplfo4e MnEd F¥boTwah, ThREREK
Z500 X EFEE R HHET LT, “MnTe,. QL RIE
BT ELEAOIFNED, Te as MnTe D—EA> Te as
Mﬁ&Z&LTﬁELTw% &kE@LTw6%®&
#z 5. S
(4). free Te:---Te bizlx?&i[‘lqﬂb”;‘b\/\“CMA%@}b
THETHEE X 'B?th b\f‘?ﬁ’“lﬁl@ﬁﬁ;f"@ free @ Te
EIER LT,
3.2. &%ﬁﬁ%uoht S C
. MnTe HFHEER kﬂbT#%kT%%T%%# 8-
FeTeys 35 X OF free Te H30278 D RET BHENHTE
b b, i Te ORESWHAREL LDl Tisb
% 2~3 HIERMTOSRBHETIY sol Te & insol
Te T3 T B ENTES. TO%HE MnTe D IpH> sol
Te L7c5h%, HMRIGHE

MnTe+2HCI — MnCl, (liq.) + H;Te (gas)
L B7d MnTe EEERETE Y, 3 -Te & insol Te

DEZLDTELT L E L. Fic p-FeTe, &
free Te I insol Te & LCAREREERICERDDT,
zot@ Fe & Te 2B LEIHILI>TRDS. D
B4 e-FeTeyo DIFEHMSRIE L 578, SEIOBETTIX
Te 275 0°45% ORBHC OB LT HL T
L, Te 0°1% LITOMOIKESH TREET 54
BRI VLD LT END. A BRERAETIC p-Fe
Tegs LS D Fe {LEWMDBTHET DHEIE TKE®LDE
FEETE LV, TOBETHTSHLOTIRGERIT X
STRET LD, ERIEERELTHETS I LIKX
DHEEELEHTHAHS. SHEOKFFCAVWR TRt
DX 57 Fe (LAMBERBHBREPCRE LA LBRES
higioic.

3-3 M TO Te OEBICDONT

sMic Te 2HMMUIBEOSREZR TV 5 HEE
kB HIEH, ARTD Te DFEREBRIFENED D
WILIF O BMBRE R W TR TV S HRER B
Bicw. SEORTThhbhiI2EDZ L 2R LRI
L7z,

(1) gaficiwT Te y3xd LT MnTe & LTTF
ELTHY, ZoLEIEME Co oML & 3 AN
4+ % (Fig. 5).

(2) zo MnTe & 1200°C TREEBLEINh B
750°C DA THOHTH L TL % (Fig. 4).

(3) MnTeZsABE CIXRRTEIERE 503, LT
HLRRE IR TR BRACHFELTERYD, Ly
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b lp DlEoXEk$OEEEINI,- D7 (Photo.
2, Photo. 3).

(4) insol Te fhiz free Te 53 2 E&13HE Cop
DEME & ictghind 5 (Fig. 6).

(5) HEBOWEMICOVT L OWFEG 2 BET 5
&, free Te 13,9~ 54 MEG FITFH LTV 5B 2 228
Dr5. ZhR—Rexr &4 VCEBLTWS X S
HOToNBH, ZORBOBHIRBELRLE LXE
BT L7 R 5 FeyC A~ Te DIEIITL N & 2Tk
L. ZNHDEED B, Te |IEIBRT 3L ELIIC IBHE
TH8, BETR7 =254 bRXRe 5224 Mok
BRLIn 72, BEDETE & it/ S~ 54 MK Fic
HTHLTL 230 L#BIX N5 (Photo. 4, Photo. 5).

(6) #h Te W—HOBMELE T @8 LAV
Lok (Fig. 7).
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