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Influence of'Sulph'ur in Heavy Oil Used for an
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| Ingot-Réheating' Furnace on Rolling.

Tomoyuki Mori and Masashi Kamakura.
Synopsxs
Concerning the influences of sulphur in bunLer C-oil the authers made an actual operating
test with the continuous ingot-reheating furnace fired by an oil of high sulphur contents.
The results obtained were as-follows:
(1) It produced more scale than by the use of an oil of low- sulphur contents
(2) Scale on ingot surfaces became sticky. .
(3) In the stronger oxidizing atmosphere of the furnace the scale on ingots was as much
‘ produced as in the oxidizing atmosphere without SO., and did not become sticky.
These phenomena abovementioned depended no doubt upon several conditions, such .as a
character of reheating furnaces, draught schedule of rolling pass, etc. S
But it was able to remove these phenomena from actual working by controlling the atmos-

phere of the furnace.
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Table 1. Furnace data. k ( YTR4+Z
Items Unit Furnace A~ . ! Furnace B ‘ <L: < & ok
. e | d FIITLERT O
ype of furnaces " Continuous, 3 firin zones Continuous, t firi i
Furnace output I t/h 33 g l'1S1oop e bOTHEA
Effective hearth 1ength ' m 16°52 13*6 T DR
Hearth width . 1 m 364 ‘ 2+0. i 5608
No. of oil burners in ; Soakmg firing(top) 4 each! OATERSE N
~each zone : F1rmg(bottom) 2 : 2 oo F
Withdrawing temp. | °c 1,250 1,250 <, Hhiha,
Charging material . mm X(iégsé)Zzs) x '(l?lgoxk%O) 100 § X 8035. Xgé,lfoo (RPURTLE FEIS
: = ' i T Bisd 0%
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BEDHTOVE AL TV Table 2. Chemical composition of bunker.C oil. A
- = T T T T g~ T Net calorific
2) 24—k =y —n  Furn. | Kinds of oil: H0 | S gDe»nsity"(1§°°S§$§" value/
, ‘-‘ (%) (%) P kcal/kg
v ADGESHEE L OIS - — : ; v
T ... Furn. A | High Soil | 028 | 3:26 | 0951 482 . 10,440
IS & D InEME R AR RO E B IR : § Low Soil | 053 | 1'14 | 0970 e300 ¢+ 10,330
% Z 7o, ! . N : ; " ‘
EboTRDOLI: " Furn. B High Soil 1 029 1 328 0985 893 ﬁ 10, 150
AFEDEE& 2Ry —o T * 7 ' Low S oil | 0736 1e23 1 04993 437 | 10, 140
DV TFED X ORGER T | '
©THR%E Table 5 (1) 1255 Table 3. Rolling materials.
‘—:—-“ = } - T - . TrTTT T
T < 5% OFEFETREAM . : *  Chemical composition % :
ITREEEZRED NS, T Furn. Charge | ’ - | Rolling size
- . i | Si ! Mn | ‘ :
DLE S WBEMIT LY Ry — | j C | St M} P | S {CuCr
B RS < T BIERATED B a |19 *15| <421 -023 +044 | 23 -09 .
: Furn. Ay 20| 17| -4gl-020{ -0a1 | -19| 07 | & O5°X6
hs. i : ; ; ‘
' ] i ! .
FEDIE 4 z c *18 *14 *45 1 *015 . ~029 « — { —
Bb:f@%‘:‘ Table 5(2) i purn. B| 4 *18| 16| *45| *013 { *031 ' — , — 19 ¢
RITTELWEFOERITITE e "19| +15| 38| -015  -029 | — =
A E TR : o
ZHIERTRD & < hE ot Table 4. Reheating data.
D Oz 23 4% LLETHD, F‘;zg' Items [ Hf)gﬁl—s I‘ Lgnf—s I Remarks
L & ONIEMFIZ I\ T i 1
o i _ . Temp. of wall To 1170°C | 1170°C |
FhA3 Tl D #7 T OLELF R B3 in I%ring {Soalging_ 1210 | 1215
XbDTEWI O F BELAPD chamber \i Bottom. 1200 11210 }
SO, DI, LA O Waste-gas temp. i~ i
OD;'%‘I“:):%@/“J’K%DM:%; at the material inlet 760°C 780°C ,
R N> R ER < < . . ) |
Withdrawing temp. ¢ 1225°C | 1256°C
LELLNS. 9 v i
MEEREIC AT SR r—n ‘é ; Heating time (mn) : 317 , 291
ARDWTIHMEYFEZEITHY & | Fuel consumption L 64001 ! 65001 |
SHIRE, B, FEAKED “ : ;
1P “‘ﬁﬁ ’f[ﬂ EEDR ! Chemical | co, ' 127 | oazen
FLLODEEEZTBRCTHS | composition off O, 1“0 1°2
25, AEOER?HTIUEA | astegas (%)) CO 16 | 1’8
~Jvm ADiE, BERIEECT L Temp. of furnace walls . 1260°C u 1260°C .
WEETLRRS Y, ESHE  Wasegm T o | e
DIFERIER S Tl OF R L — - ] "
IR L T R R D A m | Withdrawing temp. 1210°C ; 1172°C
VER S — Ve AN S é | Heating time, (mn) 100 V 28
sy = L atEa g k
DHDHIENEBDLND. = ' Fuel consumption 2980 [ a 31001
L LINBWFZES 2550 a & | ; PR B
N ] o * 7+4) 7°0) | .
feEoBas, &S, KSEM | Chemical | CO: 14:4 | 14-0 Q}tl-emlﬁl'ctompo-
NN DI AT BT R — : comtposition(o/o§ o (7:0) 1 (S‘g) . :;ﬁ%’;e ai ntxgé
waste gas 2), “ c*9 [ .
Ve AEFRETHD T LA | " co @9 | (32 putet)is shown
BB, TivE A, PREEGED i ‘ M
D 4% L ED O DFFEBAPTT SO OFHEIIFES APIZHBEHSTES, KSERLTATHLZHAL, Nzt
BRESHRWEEORGELHLIAELEML TV 5. SR XD BEEERE TR Ok, ZOBADTE
2. EE{EE~DZE ' B @8R EERTHe —AE 550mm TH 5.
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Table 5. (1) "Scale loss with the furnace A.

Table 5.-(2) Scale loss with the furnacé B.

ch High-S oil Low-S oil High-S oil low-S oil
arge |— _—- : Ch : s
g Weight o Weight o arge Weight o Weight o
loss @ loss ¢ loss o loss o
5°5kg| 1725 4-6kg| 1702 455g-| 019 475¢ 0.20
6°2 143 42 0°93 375 0°22 425 024
a 43 0°96 4-8 110 C 430 0-24 375 021
543 125, 47 103 440 0-28 325 021
50 1+12 42 096 420 0°23 400 Q*19
4°2 0+93 35 0-78 475 0-45 200 S 0°19
3°9 087 2°5 0°55 375 0°28 325 0-24
b 442 0°92 3°9 0-87 d 370 015 600 025
: 4+0 0-88 3°5 0-79 600 016 570 Q15
44 0-98 3°1 068 600 0-15 625 015
f
Average 470 I 1°05 390 0-87 550 013 710 ‘0°15
: : ‘ 475 0°14- 650 0:19
Test of scale losses in furnace A. By result e - 475 028 325 019
of t-test, it was recognized that in both cases ggg 823 ggg 8-{;
of charge a and b, there is a difference be- . ‘
tween scale loss produced by high-S oil and _ Average| 47443, 0°229 4437 0-193

by low-S oil.

Test result was as follows at

of siquificance:
In case of charge a
to=2°388>1(8,0°05)=2"306
. (2) In case of charge b

th=3"114>¢(8,0°05) =2"306

(1)

5% on the level
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olting time (S - .
Fig: . Histogram of rolling time with the roughing ®E@&L1ﬁ%ﬁﬁéc&<,zi—wﬁ%
" stand (Furn. A). WEETEILILIEDDEELLND. FE
High- 5 Z‘Iﬁ[ ‘ Low-5 oil = —)Dt}ji@%ﬁé &:_EJ’SE?EE@%%, -—7‘#-‘/7\‘E%(‘C7\
arge £ |- = <
) i £ i v OFETEM R B LT,
. -oa”ﬂ . Charge D z 2377 5
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o | EAW - e N - . )
S |emw  oom o 17098 BFTlizyr —vo 2DEims T2y — Lok D
§ R0 LT EEEE~ OB L0700, TIERTE
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‘Fig. 2. Histogram of rolling time with the Ba i Fih—xic Licdh D% Photo. 1~2 iZRT.
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Example 1
QOut layer

Inner layer

Out layer

Example 2

Inner layer

Photo. 1.
by high-S oil.
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NDLNEHRTEN DT EL LD EE R B.
EHie Ch. biCESEBMFEROEE X r — VOERR
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2) A5y —ivdDI 7 ofid: 5SS, KSAF—D
BDEDIOWTHITE R 7 o i #Z5+ 5 £ Photo. 3
WRTCELBS Ay —VERNBIVABETIZLALY
Wiistite (FeO) BhrbolRo2TH D, KSRy —vii®
B X lER Wistite, FeO+Fes0, Fe0; L ER s

Example of the surface of scale caused

Out layer

Inner layer

Exéin;ple of>the surface of scale

f’ﬁotd. 2.
caused by low-S oil.
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iFeO—>

WRTTELTHS.

WHEOEHY 1'lmm £TD S% /il S Tk
475.0°085% TH D, K S Hil#EFEDHEAEIX 0°055%
Tbé@TﬁSEMK;6§A®%ﬁEE?®S®wm
BATHBEEZD. '

Scale by high-S oil Scale by low-S oil
Photo. 3. Microstucture of scale. ><50 2/3) _
Table 6. Chemical composition of scale. - Plroz kﬂ‘gbjmﬁ.cﬁ’ ERERE
L . , = OBEE EILETRWIES) EMdoS
Charge | Oil FeO%. |Fe:0:% | S% | P% | As% Sn% old 2t — VDR BIEBEEID b D
; H. S| 76'37| 22+05| 0056 | 0015 | 0°002 | 07025 &EZBH, FOXr— ks B3 L
L. S 74°98 2432 0°043 0014 0°003 0°024 s . - . :
KERGE, Kb XXy, BSEHRC
b H. S| 74°03| 24°25| 0°167 | 0°013 | 0003 | 0°025 X% R& —VOEIMESEHDO RS — -
L. S 7134 36°98 0°047 0°014 0°003 0°028 _ , = R
: . ; _ ICH URBARHRE DME < BTE M R E /e
| SEAR ICRIRE L AT R b LS B — L D X o SIEICH
Table 7. Pyrometry softening test of scales. DEERICRBELICA T —v e — v 5 ¥ FRICHTE
' LB ERMOKMS L Ay — v EFRRDTa — L ~Dg
Kinds of scales 12 Remarks RHRZ2Y 9 THRREZELDDEHZZ BN
Scale by N o~ |Grain size of s ‘ o
high.§ oil | 1220°C| 1230°C |75 o o mple Iv. #& EE]
Scale by . -
low-S oil 1240 ) 1270 80 mesh Em¢rginés@ ST OV THE LS EOE
' ' BIERX 0 O SOEEMSHE LS LigD7 ‘
Table 8. Condensation of S% on the l. MEEOBEREAAEBREDSES, SSEmPE
ingot surface. FF B LAy — b o AT HERSR LN S.
_Sample High--S Lo 2. EBSEBEAICIVL, MEFEELSEEERE
Depth : ) DA DA — v
Depth ~ Measured |Caluculated Measured oA MR iR £ L 5.
surface 3. M%F%lﬁﬂﬁvﬁmﬁ®%n,Mﬂ¢@Sﬁ
0*40mm 0°139% &£ ¢ L P = T VSRV
040 0-058 0+085% 0+055% ZLEb AT~ e AL SO DLV EEFFEK LR
0°30 0°050 : : i, A5 — VORI T 5228 3 b.
0°40 0-046 0-048 - ESEHOERCIWTLERRASZELN DA
055 0047 0046 HVIMEME OfFiE, EIEfEEC BT 5 v —VE T &4

Y IV ANFhEREI LA bAATHE. BSEM
R SV L TEEE AT S SN SBRICOWTIIE
BERRIT TS &kl@gh%ﬁ?u&#faé&%
z5H.

BBCEBEOEFTCL Y, FIEHLMEE L LT
BB, BB Eh RIS E,
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On the Transition Temperature of Strain-Aged Mild Steels.

(Studies of load-time relations by Charpy impact tests—II)

Seita Sakm', Tadahisa INakamura and Masanobu Ohmori.

Synopsis:

Under the impact bending load, an investigation was made on the change of the transi-
tion temperatures and fracture modes of the strained and strain-aged specimens, which were
of a low-carbon killed steel containing 0°179,C. In this experiment, as described in the pre-
vious paper (Tetsu-to-Hagané, Vol. 46 (1960) p. 140), a miniature Charpy impact testing
machine, being’of 2kg-m capacity, was used and the load acting on the specimen was
measured by the use of piezo-electricity of quartz crystals and a cathode-ray oscillograph.

The specimens were stretched by 39 and 10%, in static tension after the anmealing at
920°C for | hour in vacuum. They were strain-aged at room temperature, 100°C and 200°C
for various durations. ) . )

A new transition temperature, which was the highest testing temperature at which the
marked propagation of a crack appeared, was defined in the previous paper. This transition
temperature was very sensitive to the internal structures of the specimens. This definition
was used also in this report. ‘

The results in this investigation were summarized as follows:

' (1) The strain-aging for 3 to 100 days at room temperature after the stretching of 3%

and 10% did not change the transition temperature showing 25°C. The transition tempera-

ture for the 39%;-stretched specimen aged at 100°C for 120 minuites and that for the 10%-
stretched one aged at 100°C for 60 minuites remained to be 25°C. On the other hand, both

the 39;-stretched specimen aged at 200°C for 60 minuites and the 10%-stretched one aged at

100°C for 120 minuites had the transition temperature of 40°C, which was 15°C higher than

that for the other specimens.

(2) The absorbed energy vs. testing temperature curves for the specimens stretched 10%,.
and for the strain-aged ones were not decreased gradually with the testing temperature but
decreased abruptly at two temperatures and there appeared a horizontal part, where the
load-time curve of type I was recorded. This phenomenon, however, was not observed so
much clearly with the 3¢-stretched specimens and with the strain-aged ones.

(3) The more cold-worked the specimen was, the more steeply decreased the load acting
on the specimen afier the maximum load was reached.

The brittleness introduced by the cold working seemed to be different from that introduced
by the quench-aging and strain-aging. The aging raised the transition temperature but the
cold working did not raise it.
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