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The Effect of Tellurium on Properties of Steels

Kiyoshi NARIHIRO, Yasuo OTOGURO, Noboru MIIDA,

Kazuo MIYAGAWA, Isamu IcHIjIMA, and Takeji EGASHIRA

Synopsis:

Steels containing Te are generally used for free cutting steels.

But the effect of Te on mechanical pro-

perties and mechanism of grain growth retardation by Te are not well known yet.

The authors have studied the influence of Te on impact properties, tensile properties and austenite grain
size of common structural steels at various temperatures.

Tellurium compounds were identified by X-ray diffraction with electrolytically extracted residues and
by analysis of the compounds using electron probe X-ray microanalyzer.

The state of dispersion of telluride was examined by autoradiography using 12smTe isotope.

The obtained results are as follows.

(1) Addition of Te to the steels lowered reﬁlarkably the transition temperature in Charpy impact test

and increased yield point.

(2) Te raised coarsening temperature of austenite grain and in the case of the combined addition of Te
and such grain refining element as Al, Nb or Ti, the coarsening temperature was such higher than that in the

case of the separate addition of Al, Nb or Ti.

(3) Tellurium compounds were identified to be FeTe and MnTe and it was found by autoradiography

using RI Te that they dispersed uniformly in the matrix.
(Received June 19, 1970)
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Fig. 1. Effect of elements on transition curve in
Charpy impact test.
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Fig. 2. Effect of content of alloying elements on
impact properties of steels of A series.
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Table 1. Chemical compositions of steels (95).
C Si Mn Cu Te Se Bi As S Al
Al 0-103 0-45 034 0-30
A2 0103 0-46 0°33 0-31 0-014
A3 0094 0-44 0-32 030 0-042
A4 0-096 046 0-32 031 0-068
Ab5 0-100 048 0-36 032 0-030
A6 0-105 0-44 0-36 0-31 0-060
A7 0°100 0-48 0-36 0-31 0°092
A8 0-088 0-46 036 0-31 0-014
A9 0-096 - 0-48 039 0-31 0-037
Bl 0-162 0-28 1:06
B2 0-142 0°30 1:15 0-054
B3 0-152 0-31 1-15 0-088
B4 0-151 0-33 1-22 0-042
B5 0152 0-34 1-18 0-039
B6 0°150 0-28 1-17 0-031
B7 0165 | 035 129 0-023
B8 0-162 0-33 1-27 0-043 0-029
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0 Fig. 4. Effect of elments of VB and VB groups
-50 .0 S0 100 on impact properties. (B series)
Testing temperature (°C) Heat treatment : 880°C quench+600°C
Tensile | Yield temper.
C Si Mn P S Te strength stress
(kg/mm?) | (kg/mm®) N dIFE IR T 5.
N 0-155[ 0°31 | 123 | 0°013{ 0°023] — 52°6 31°6 - e _ - .
No2 0'158’ 0-28 | 1-21 ‘ 0-011] 0-020 0-012]  53°1 } 373 Lo oCiEle b L, FEMZRDL T Te iz X O%)

Fig. 3. Effect of Te on impact properties of
commercial structural steel.
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Fig. 5. Effect of Te content on tensile strength,
yield point and elongation.
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Fig. 6. Effect of Te, Se, and Bi on such mecha-
nical properties as tensile strength, yield
point, yield ratio and elongation.
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c) A4(0-068%Te) d) A5(0-03
Microphotographs of steels of A series.
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Photo. 2. Microphotographs of steels of B series.
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Photo. 3. Austenite grain size of steels of A series. (holding time 30min.)
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Fig. 7. Austenite grain coarsening curve of
steels of A series.
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Fig. 8. Austenite grain coarsening curve of steel
of B series.

Table 2. X-ray diffraction data for electrolytically extracted residues.

Measured value Te (Hexagonal)?™ FeTey s (Tetragonal)™ MnTe (Hexagonal)®

d (&) ” Intensity d (A) ' Intensity d (A) Intensity d (&) Intensity
3-24 S 3-23 100 3-2 80

316 M 3-16 40
5.9 M 271 10 )

5. a0 M 293 i 2-48 20 2-45 10
209 M 2-09 20

%jgg S 2-07 100
: S 2:04 100

1-90 S 1-91 40 1-90 100
1-82 M 1-83 20 184 30

1-64 S 165 70

Specimen : F45 (O'OIC—0‘2851'A0‘39NI!1—0’lOTc-Fe),
Current density : 10mA/cm?.

Electrolyte : 1095 Na-citrate+1°29 KBr+0-69 KI+29 HC! aq. solution,
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5 X5ic Te & Nb, Ti, Al 7x XOBEFERMADF —
25+ 4 MERNOKRERE 2B .

2-1-6 Te OFLERRE

Te EEB Lk Evbh, R To FLERERIC
DWW TCILERE DS BT h5, FeTe, FeTe®, MnTe, Mn
Te,07s EDLAMITH/E TL TV 5. ;

BEEOBERE TV BB THEEL TV B0 LHE
FBHiodiT, 10% 7 2 Uy — & +1-29%KBr+0:6%
KI+2%HCIhTEMRL, BE 2l L. B Table
QITT XS AEREMAZFERAL, FeC 235~
OB X5 CEREB L. EREREO X HEH K2
Table 223375, FeTeoe?, MnTe® DIFFEAFERR X
iz, Te bEETHEETH L O TH D5, 320 Bl
MLIBEHET 5 DCELE TR

BEO(L2ESHERS Table 3 i35, Fe, Mn,

‘ a) BSE b) Fe scanning line c¢) Te scanning line and image d) Mn scanning line and image

Table 3. Analytical values of Te compound (%).

Chemical analysis of residues | 215 | 7°
Analytical values by EPMA 21-3 ] 18°

Te OEFEMSEL, Fe, Mn @ Te {LEMDHFEEZT
BLTW5.

Table 3 O FEOSH{EIX MnTe (L&MW EBIEL &
8% EPMA TER LR TH D2, BREOLESTH
BLFEHNGLEREEBLOND. BEPD Mn%H
v oz, Table 2 OREHE RS D 2WIHD Te (L&MW
DHERINTE Y, D> FeTeqs, MnTe DFFHFRAERE
LT L LHLEMBIREEL TWwakd L& 2 b
5.

Fsheo MnTe {L&¥#@ Mn, Te i3s3 EPMA

Photo. 4. Scanning lines and images of characteristic X-ray of telluride in steel F45.
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HEXNBZ LB MnTe 34— 25 F 4 b FRICHE
T5ZE L TFRINER, BT DSHERMDTREIT X
% Te OSMTAEOFER» S & ITHF & DOXFSIAER
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BT EEREHEBEC X SHTERC L >THIHRESATY
%9,

22 RSMERBITEICKLD Te OFHAE

2.2-1 s X CERSEE

FAE5 RI oo Te 13 99'9% o4l Te % BAJRTF
JWREFF D JRR-2 SEF4E (i3 L=1032/cm?
sec) I\ 147hr OMFERBR Tl > T#EE L.

FEET LY Te @ RI ol 3B % 7~10 A
& U TR LA SRR OTEEE s X Ot L fbl (13
kg) wwEHENDH Te 1:(0°05%) 2> 5 H LT 3mCi/
gTe LE x o705, BT BT 5580 L EEFIEL
T 4'7mQCi/g Te @ RI #B#Ls L. Te & RI i
Table 4 C7R¥ X5 7#HdD HAH5, BB = F v F—

Table 4. Product quantity of radio isotope by
irradiation.

. | Ragio | Product’ py.
isotope lql;%lit/lg life ' isatope |ql;%llt/ltgy life

128mTe 1 [104 days 12omTe i 0'5 335 days
125mTe 10 58 days, 122Te ! 2x 108 |72 min
27mTe 0.6 {105 days: 13Te | 8x10® = 25 min

127Te“ 1%x10% 9-4 hrs ﬂ l i

(Neutron flux density : 1 X 102 2/cm? sec, Irradiation time : 1 hr)

Radio |Froduct| gy e

Table 5. Product quantity of nuclide produced
from impurities in metallic Te.

I ¢ Content Product Product
mpurity (%) nuclide quantity
Te | 99:999 wmTe | 4.7 mCi
Cu 0-00079, ; 4Cu 5-3%x10-2mCi
. | {Fe | 1'1x10-*mCi
Fe 0:0006% {7 | 5-0%10-5mCi
Pb 1‘1 0-0014¢24 ; 208P, 0

(rn=1013 [Irradiaticn time : 147 hr)

Table 6. Chemical compositions of steels containing
RI Te (%). . :

c | si | Mn | Te Ti

cl 0165 | 036 | 076 | 0-061 _
C1 0165 040 | 078 | 0:045| 0030

LD B CHSEOERICET S Ok »0Te THB. 2
iz Te ORI OIMETRELE AT Table 5 CFRT
X 5w 1#BmTe WHEL, MARTHDDIC, F—F
SUXTITT A —BEELNDDLELILND.

DE BTV Te WiRhE 452°C, #hgil 390
°C L7 DR L, HMERIT TeQ, :irh i<, H8
D MM BRGSO S DT, BEIGRFEE
w7 I VERBESH T2k,

1mTe OERIEIIHMER & L, €& RITe iz &
DI L7z, EiEs XUtz ks 5 RI DF
Yl o HICEEEITIIER I 4 P ERERAL, T0EE
DIRBTHIE 2TV, BULIED 25¢ D 34 FRITH
BERBEAL T 2. Bk otk 14mm &L
ERAVERVE 900, 1000, 1100, 1200°C Cfficvy, 7 =
T4 MBI A - 2T F4 MEREOHEEZTAEL
7z

PaEM DLk IE Table 6 TRTHDTHS.

P IS A P & A N R A
4 =TI — b FTOXTTT A —HETH L
T&E5,

® =rZaF—-rI0XTTT 14—

BOIXXFE7ANVL2FERAL, <2 @i RI O44
BHFARDLFHETHS. SO EIZ W Tid< 2
DX —bFUXTTT o —FHRALL. BHLLT W
413 Fuji Film % 4 7 480 (L¥EH) CHHEM% 48
& L7z,

® 1YuX—brIUATITT -

VWhdb Iy oHECETS RIoSH2H<5 D
DCHY, KEBTRT7 =54 MBS XA —2F7F
4 MUBEmE SR04 -2 7 74 PR ED
MHISEPFE L. HEHALAT « Vv, RIREELIBITS
EDLENTHAB.

JA4wwh AMY v FHT7 4 v ET-2F,

LAl NR-M,

H B K- 5 min

E  FE:T72T4vP A 15min

s - 5 ~10A

2-2-2 REREER

FFERYNIEROE T ICH TS Te DFMKEL TR
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a) Focused on structure

Photo. 5.

dz

d) 900°C, Focused on film

a) 900°C, Focused on structure b) 1000°C, Focused on structurc
e) 1000°C, Focused on film

b) Focused on ﬁlmr

Autoradiographs of specimen Cl kept for 30 min.

c¢) 1100°C, TFocused on structure

x 1000 (3/5)
£f) 1100°C, Focused on film .

Photo. 6. Autoradiographs of steel C2 kept for 30 min at various austenitizing temperatures.
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2.3.1 3
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Table 7. Chemical compositions of steels used in the

experiment about grain coarsening of austenite (%).

C Si Mn Cr Al Ti Nb Te
D1 0-154 0-27 075 — 0-033 — — -,
D2 0-152 0-27 0:75 — 0-032 — — 0-048
D3 0-149 0-30 0-62 — — 0-021 — —
D 4 0145 0-27 0-63 —_ — 0-027 — 0-04
D5 0-145 0-27 0-63 — — — 0-025 —
D6 0144 0-29 0-64 — — — 0-026 0-04
D7 0-152 0-28 1-33 — 0:028 — — —
D 8 0-146 029 1-34 — 0-025 — —. 0-032
D9 0-102 038 062 —_ — 0-056 — —
D10 0-105 044 0-65 — — 0-052 — 0-036
Dii 0+154 0-27 1-29 — — — 0-020 —
D12 0-145 0-27 1-30 — — — 0-022 0037
DI13* 0-1 03 1-1 1'0 0-02 0-025 — —
Dl14* 01 03 1-1 [0 0-02 0-025 —_ 0-05
* Aimed composition
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Photo. 7. Autoradiograph of a sample heated for
20 min at 1 400°C.,
(steel CI x60)
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Fig. 9. Effect of separate addition of Ti, Nb or
Te on austenite grain size of SB 42 type
steels.
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coarsening curve. All specimens were
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Microphotographs of steels D7 and D8 after reheating at temperature

between 900 and 1 200°C.
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a) D7, 900°C b) D8, 900°C c) D7 1000°C d) D8, 1000°C X 20000 (5/9)

e) D7, 1100°C ) D8, 1100°C g) D7, 1200°C h) D8, 1200°C
Photo. 9. Electron microphotographs of AIN in steels D7 and D8 kept for 30 min
at various temperatures between 900 and 1 200°C.
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Table 8. Influence of Te on contents of AIN, Nb(CN), TiC, and (TiN+4TiOy)
at various austenitizing temperature (%).
Compound Steel 900°C 1 000°C 1100°C 1 200°C
AIN D7 Al 0-0117 0-0091 0-0032 <0.003
D8 Al+-Te 0:0114 00110 0-0044 00044
Dil Nb 0-016 0-013 0-002 <0-002
Nb(CN) D12 Nb+ Te 0-017 0-016 0-005 <0-002
Compound N Steel 950°C 1 050°C 1 150°C
TiC D13 Ti 0-018 0-014 0009
1 D14 Ti+Te 0-019 0-016 0-008
. ) DI13 Ti 0-038 0-038 0-043
TiN+TiO, D14 Ti+Te 0-034 0-030 0-037
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Table 9. Grain size of heat affected zone in specimens to which automatic weld thermal

cycle was applied.

Heat input Steel Grain refining element Aus;;nsi’tlgMgr ;}2) size

D 3 0:029 Ti 1'5
D 4 0029 Ti+0°049 Te 3

45000 Joule/cm DIl 8_02% Nb o 15
DI2 0:02¢5, Nb-+0-0379, Te 3
D 7 00259, Al 1
D 8 0°0259, Al+0-0322; Te 2
80000 Joule/cm D13 0-029, Al+0-0259, Ti 2
Di4 0-029, Al+0-0259; Ti+0°'05% Te 3

R R

2) D3 '(o- 02%Ti)

b) D4 (0°029%Ti+0"04%Te) X100 (3/5)

Photo. 10. Microphotographs of heat affected zone in specimens to which thermal cycle

was applied (45000 Joule/cm).
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