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ABSTRACTS

' .Inr.xprove'men't of Ql_.lalit'y"of Ball-bearing Steel
- 1. Effect of Smelting and Casting Praciice on

Nor_x-me'tallic:' Inclusions i;i,Ba,ll-bearing Steel

This'ba?er p;esents th.é.firs-t part of a study of the quality
'i'rnprovérr:le:n.t of ball-bearing steel rﬁ'a}de-in”a..ba'siic electric fﬁ;pa'ce'.""
The’ effe.ct'o:f ded;&iélatior.x and .c_astix.ig pr'a(.:ticei'on n'o.n'-me_:t'alliq ip--i .. :
.élusioirlé_ in s.te:.e'll duri.n'g»'th'e' steei-rﬁaking p,rocess‘v;.ras. inveétjgated.
y 'It wa.é fou;1d.f}i.at-hqln-rri‘e'tal'lic inclusions in ball-béa'r__ing steel
could be, noticeably reduced with the adoption of the _fo;io\;v_ing.p‘racf
N tice‘s.: . | “ L .
. 1, On sl.aggi_n'g_off Befo.i;ev'th.e re"duc'ing period; sil'i,co-‘manga‘neise
"is. édde&,fbr pxgélirx;'ina;'y d.e.oxida’c‘ion;' . . . - | .
2. additi_c;ﬁ of' c%ushed calcium carbide is then 1_rr:1éide-tc_.> speed
;.1p the' formation of carbide Vsla'g, -which should be 'ke_pth: not '1es; 8 than
- 40 rﬁinutes; '_ . | | o
| | 3.. af_fef it}.lis,- :fe_i_'ro—silicé'_r; bowdér or crushed'.céglciurr.l'ca_x'bide -
is added f.o"r ‘slag.d‘em'cid'ation; ‘ . |
< 4, .'s'l.é.g_%n_imt be white be‘for'e tapping;
5, itis advisable to tap the slag first and then the iiguid
steel to rend_er_ them t‘hor.oughlf_rhixéd in the ladle to fac‘:ilit.ate :

further elimination of nion-metallic inclusions, and



6. finally, add not less than 1/2 kilogram of aluminum per .

" ton of steel,

._C_}ood quality ladle lining and runners shbuld be’ tar-‘-lsoaked

- in order to .de'crea'se the. amount of exogenous inclus’ions It wavs .
. not1ced that t1tan1um n1tr1de 1nclus1ons in the steel were due to the ’
'presenqe of.t1tan1um in ferro-alloys. ‘The makmg of hlgh qua11ty

ball';bearing steel calls for.the use of titaniurn-free fer_ro,—all‘oys.

Effect of Thlckness and Thermal Conduct1v1t1es
:_' of Blast Furnace Bottom Refractory L1n1ngs

on the Temperature F1e1d of the Bottom

The effect of the th1ckness and thermal conduct1v1t1es of blast

. .furnace bottom l1n1ngs, coollng condrtlons and the hearth temperature o
on the temperatu-re field of‘-the furnace bottom‘was studled,by means ) .
of the finite'Hankel trans.form.‘. The results are shown'by'-curves.

: It 1s pornted out that in a bottom w1th multlple 11n1ng layers, the

lower the thermal conduct1v1ty of the inne rmost 11n1ng ad the hlgher
the thermal conduct1v1ty of the outermost llnlng, the sharper the tem- '

perature gradlent of the bottorn and the smaller the heat loss Coohng:

: cond1t1ons and hearth temperature have a great’ effect on the temper-

s ature f1e1d 1n the bottom

The author po1nted out that the dependence of 1150 C in the



ffurnace bottom on.the inner and‘ outer diameter of the hearth and
 the thickness of its .linlng layers should be further studied. The, .

.effect of the depth of the salamander on the temperature f1eld es-
E pec1a‘lly on.th‘e pos1t1on of 1150° C and .on the temperature of the
) center of the hearth base, should also be studled further . .

It ‘1.s pre sumed that When h1gher the rmal conduct1v1ty .l1n1ng
mater1a1 is- used as the 1nnermost layer, 1t may have a "cr1t1cal
th1ckness Th1s means that below this th1ckness, 1t obeys the
.pr1nc1p1e that the lower the the rmal conduct1v1ty of the 1nnermost
.‘llnﬂl._g layer, the sh_arper the temperature gracllent. ’ The case is. 'f

re'vers"e'd vyhen th'e critical' thicklnes.s is exclee'ded'

In a bottom w1th mult1ple 11n1ng layers, the 10\yer layer w1th
'h1gher thermal conduct1v1ty than the upper one’ d1sp1ays a ”trans1—
~t1onal” coohng effect for which the layer has an. effectrve thrckness.
"This thlckness may be a decreasmg functmn of the ratlo of the ther-

mal conduct1v1ty of the’ lower 1ayer to that of the upper layer

Certain Proble,ms.‘»Conce'rning Heat Flow ‘through'_

a Blast Furnace with‘Carbon Lining

The effect of thermal conduct1v1t1es, proport1on and distri-
butlon of certain refractory 11n1ng materlals in the hearth of a blast
furnace, the coolmg and the salamander on the temperature d‘[strl-

bution and heat loss was reviewed, The temperature of the bottom



:-_haviné ceram1c lin'i:ng can. be clecreased by re.placing.fts per.iph'ery:'-‘-
E ’w1th carbon l1n1ng, wh1ch dlsplays a "tran31t10nal" cool1ng effect
.Th1s is the advantage of the hlgh thermal conduct1v1ty of the carbon : .
' '.-.»11n1ng The transxtmnal coolmg effect has certam effectwe 11rn1t l
>It 1s po1nted out that the more the temperature ‘of the bottom is to
: be decreased ‘the lower the therrnal conduct1v1ty of the 1nnermost
.'matemal and the h1gher the t.her.mal conduct1v1ty of the outermost o
R hmng layer.”- Th1s 1s a'\tery 1mportant pr1nc1ple m the- problem.
: .By thlS prmcfple we see that: the tran51t1onal cool1ng effect of the o
e 'carbon 11n1ng appears only v;/hen 1t fs not used as the 1nnermost
. 'l1n1ng By the same. rea.son 1t is obv1ous that a hlgher thermal
conduct1v1ty 1ayer in the bottom, _ such as, a graph1te 1aye1, pos-
‘sesses an underhearth coolmg effect ' .
Itl1s euggested that ‘a new approach to decrease the heat loss.
;1s to.use a mater1al w1th the lowest p0531ble thermal conduct1v1ty
as the inne‘rmost.'li‘ning.. _A new cooling me’thod, ..called cascade
.__cooling ix/hic'h is."d'escribed'in this paper" calls for’ s‘e'veral lining
~1aye rs in the bottorn, of whlch the inner one has a hlgher thermal
conduct1v1ty than the outer one. . '
It 1s p01nted out that in the ex1st1ng therrnal model for the -
..._'hear.th the salamander formed actually was not taken 1nto account
and therefore.,‘ 1t is- madequate to descr1b'e the actual state of the
. ‘hearth. Th1s is a great defect of the existing thermal rnodel .ex-'
-per1ment but '1ts 1mprovement is dc*scrlbed in-the paper

It is proposed that the dependence of the heat flow on the 1nner'



and outer diameter of the hearth and the thickness of its various

¥ _ l1n1ngs should be studled and that the effect of the lmmg thermal

conduct1v1ty on the heat flow and the graph1t1z1ng of the carbon

lining _shoul_d be ‘inve st1gated-fur-,ther.

Change of Mechamcal Propert1es

1n Rolhng Heavy Ra1ls

The .effects of r'oll 'pas:s design on the mechanfcal properties
: .of rails and the changes 1n mechamcal propertles in the processes
."of rolllng -and the causes for these changes were 1nvest1gated The
herght and the‘angle of the wedge in the trape1,01dal passes were
also studled . A ‘ |

The results show that in the trapezo1dal passes, .a change in

) the helght and the angle of the cuttmg -in wedge has 11ttle effect on |

the mechamcal propertres at the foot of the rarls, hénce it is better
to use wedges with a smaller he1ght and a' greater angle.- ' It is found
'that the effect of 1nhomogeneous deformatlon on mechanlcal proper-
' . t1es»1s' also small hence the duestmn .of us1ng two vor four trapez01da1'
. passes rnay be settled by con51derat1on of the m1llhconstruct10n and
'the cond1t10ns of product1on only. . o
The mechamcal propert1es of the bloom undergu cons1derab1e

‘ changes when it is rolled through the successive passes. After the



. second or the th1rd pass, a lowermg in mechanfcal propert1es 1s.
'recorded but after the s1xth pass, the changes in mechamcal
:propertles become sm'all When the coohng rate is great the rolltng" :
’:-temperature has 11ttle effect on the mechamcal propert1es Hence,,
.'.>-1t is poss1b1e under this cond1t1on to increase the rollmg temperature,i
' the amount of reductlon and the, rollmg speed in order to obtaln a. .

,reductlon in the number of passes used

; Certam.Structural'Changes in the Texture

- of ColdZdrawn ("Jo'ppe”r Wire -

D1ffract10.n.patterns of cold- drawn copper wire obt alned by
,means of W rad1at1on are 1nvest1gated . The expansmn of inter-
'-planar spacmg,. the half peak w1dth of spots, the . peak value rat1o of .

- the spot dens1t1es correspondmg to (111) "and (100) f1ber axes, etc. ,
are correlated to the amount of recluctlon of the cross- sect1ona1 areas.
The dlfference of the yleld strength of wires’ of the samé total per- ‘

'centage of area reduct1on and the dlffe rent number of draw1ngs may

: :,be accounted.for by the structural'changes shown by the dlfference

’in te:tturé.' | o .

o It is shown' l'n the graph that the distrib’ution of the spot densities

. :"corr.espondmg to the (111) and (lOO) f1ber axes approx1mately follows

the, Boltzmann type d1str1but1on law i, e.;

P
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-KE .
hkl) .
f(hkl)oc‘e, o : andi E

(hx1) & _AA/:A' .

. (the decrement of the wire cross-sectional area).

The Temper Brittleness of Bainitic 'S'té"el_s

ThlS paper pre‘se.nts a study of the. occurrence of temper

: br1ttleness in ba1n1t1c structure It 1s- found that the tendency of

| temper embrlttlement in the lovter ba1n1te is sl1ght1y 1ess than that

.in the tempered martensrte wh1le that in. the upper ba1n1te is’ shghtly

. greater than that.in the pearht1c. structure " The tendency of teimper

embrlttlement of the tempered marten51te 1s much greater than that

" of the pearllte The temperature range of temper brlttleness 1s>

| 60 - 580 C for upper ba1mte and 430 - 629 ° C for tempered marten— -
' stte . The temperature of max1mum temper embrlttlement appears ‘to

- ~ be approx1mate1y 530 C for both It is suggested that the mechanism

of temper brlttleness is the same for both structures

Desulfurization of Cast Iron by Electrolyzing Slag

This paper‘ presents a method. for desulfurizing cast iron ’by

electrolyzing slag. '_E'xp.e‘rimeptal results obtained with this method
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warrant the following conclusions:

(l)A Arnong the various me,thotls used for desulfurization of
Vcast iron, the method aescribed in this paper is the most effective‘
'.and less expens1ve, espec1ally for cast 1ron with sulfur content
. h1gher than one percent o

(2) The percentage‘of sulfur reduct1on increases w1th the |
bas1c1ty (CaO/S102) of the slag. For example, for slag with basicity.
'of O 5 the percentage of sulfur reductlon is. 72, wh11e for slag w1th o
' bas1c1ty of 1, 4 the percentage of sulfur reductmn is 97. 5, :
(3) The 1n1t1a1 sulfur and carbon content of cast iron has an S
. obvtous effect on the process of desulfur1zat1on. As the sulfur and
. 'vcarbon content rncreases,-‘ the_ process of‘ desulfurization ‘_pro_ceeds
' mo're complete'ly. : R |
(4) There is a cr1t1cal current den31ty of the cathode (molten :
' '-cast iron). At the cr1t1cal pomt the percentage of sulfur reductmn
. is the highe st As the current den31ty exceed_sthe_ cr1t1ca1 value;, the
.'percentage of desulfurlzatxon decreases. ' . '
. (5) If it is poss1b1e to prolong the process of electrolysus, “
_ the percentage of sulfur reductlon increases with the t1me of elec-
. trolyms. 3 | | |
The paper.also glves a br1ef dlscussmn on the mechamsm of -

desulfurrzatlon by electrolyz1ng slag.
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ABSTRACTS

Oxidation of Rimming Steel Ingot

during Teeming and Solidification

Up till now, it is still controversial about the source of
oxygen for the rimming action during .solidiﬁcatio'n of rimmed
"steel ingote; The purpose ofAthis_ paper is to carry out an in-
~ vestigation in order to observe the oxidizing action of different
atmosp"hereé, sﬁch.as,‘ oxygen,‘nitrogen, water, .gas'lan'd air,
..'Experlments are conducted on large r1mmed steel 1ngote to control
the r1mm1ng action by controxhng the admlsswn of air to the mold
- during solidification, Analyses of steel bath,» and segregation and |
distribution of imI'D'U;_ﬁri_t‘,i_ee in thelingots are elso ma'de...: It is con‘-'
cl;lde'd that 'se‘co.ndar'y oxidetion dtiring teefniﬁg and rifnminé is the
main source of oxygen. Segregatmn of steel 1ngots may be reduced.
by the control of r1mrn1ng act1on with the aid of regulatlon of air |

adm1s emn to the rimming bath in the mold, -

Continuous Casting of Steel

. In thls paper, varlous types of continuous castmg machmes

. employed in steel wq,rks_”gre described. Des1gn and operatmn of

such machines are discussed and suggestions for proper mea,sures
to improve the quality of casting billets are reviewed.
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ABSTRACTS

Grain Boundary Migration in Recrystallized

Armco Iron during Grain Growth

" Grain boupdary migration in recrystallized Armco iron during
gréin growth. was studied by means of the vacuum etching method.
It vs}a.s-fo_ﬁnd that grain growth in recryétallized ‘a-ferrite is closely
related to the‘_substructure_s within fhe ferrite grains, Grains con-
) ta;ini‘n‘g'no substructures usually grow at tﬁe expehse of those pos-
‘sessing substictures.
| Thfough tracing and anal,lyzing tﬁe grooves remaining after the
rﬁigratioﬁ of tﬁe lgfain boundaries and throqgh other observations, we"
' .l;ave confirmed thé fOll;].OW_:i.I_lg theo.ries suggested By previous reséarcﬁ—
ers:
1. The main driving for'cél for grain boundar}-r migration is the
. irvx.te'ffa.‘cial energy of thei grains. |
2. .The manner in which grains in metals disappear is basically
‘the same as that of soap bubbles in a semi-vacuum container.
- 3. Burke's‘ model for the disappearence of old grain boundaries
and t;he formation of new grain boundaries .

4, Grain growth is a discontinuous process. -
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Isothermal Structural Decomposition in Certain

Molybdenum-bearing Stainless Steels

This paper presents a description and discussion of structural
changes in certain quenched ferritic, austenitic and duplex stainless
steels during subsequent reheating,

In 16-6 Cr-Mo stainless steel, austenite formed at a certain
solution treatment temperature is metastable and decomposes during
subsequent reheating. New ferrite o' forms at the y /a interphase
boundaries. The rejected carbon atoms then diffuse into the matrix
forming alloyed carbides surrounding the y /a phase boundaries.

Fine carbides precipitated from ferrite in 16-6 Cr-Mo,
16-2.5-6 Cr-Ni-Mo and 16-5-6 Cr-Ni-Mo steels in the early
stages of aging are métastable. They redissolve during prolonged
heating and are gradually replaced by x -phase. Some residual
carbides s=rve as the nuclei of 1fhe growing -+ -phase. The struc-
ture of quenched 16-15-6 Cr-Ni-Mo steel is austenitic. During
subsequent heating, only MbC and M;;C¢ mixed carbides are
precipitated,

Both the alloyed carbides and Y -phase may noticeably affect
the hardness of the steels studied. In duplex steels, x-phase is
a good strengthener, manifesting pronounced hardening effect at

elevated temperature, -
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On the Method of Accelerating High-temperature

Creep Test by an Elevation of Temperature

A series of creep tests was made on four types of heat-re-
sis.tant steels under the same stress but different temperatures,

The creep and rupture rate of five types of Nimonic alloys and four
types of heat-resistant steels mentioned in the reference literature
was also analyvzed. The temperatures of the creep tests and those
given in the literature are all above 0. 45 Tm (absolute melting
tempefature) for each type of steel or alloy.

The results of the tests and analyses show that for the temper-
atures studied, the existence of the activation energy in the process
of high-temperature creep is a general phenomenon for the above-
mentioned different types ‘of hea_,.t-resistant steels and alloys. The -
possibility of accelerating creep tests by an elevation of temperature

through activation energy is pointed out, and the temperature range

for the application of this interpolation method and the errors involved

are also discussed.



