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COMPARATIVE INVESTIGATION OF VARIOUS
METHODS OF ACTIVATED SINTERING OF
REDGCED IRON

Poriwyalne Doslidznennya Riznikh Matodiv
u:timnnogo Spikannys Vidnovlenogo Zalizs

‘In several works, (ro- example, /1-3/) ware discussed different methods of
activated sintering, which are designed to intensify sintering by the way of chemical
reactions of oxidationereductimm, disasacciétion nd otiaer, or with the help of
different physical methods,=- action of ultra?aou:d. for exaxzple.. It is time to
doetermine the. most eftective method of activation. Tests were done oz toroidal
sarples frcm reducéd powder of 1:6:1 of the mark APZDM. The followirg pro:ess of

sintering wsre tested: I = Sintering in dry hydrczen(0,022% of H.0); II - sinteriné

“in moist hydrozez(2% KEO); III = humidity of kydrogex 10%; IV - sintering of pree

oxidized briquettes (1% O ) VY = cyclic sintering (3 times with }LO stoan, 7 times
vith H-)YI - sintering in anatmosphere of H,+ HCl; VII - sinterins while coversd

by A1203+ C,1X NiH,Cl; IX - sintering while covered by A.‘.203+ 0,12 NHA?

L
Heating and cooling (6—10 times) wes reelized ia dry hydrogea; the other 20
expositions in sinterirg ware conducted ucder counditioas II, III, V, VI, VII and in
atmosphere of dry hydrogens The temperature and durstion of exrositions were alike
for all teste — 2 hra, 1200 + 10° ¢,
The figure shovas t.hc influence of specific gravity of the sexrrles wtich weres

sintered under different conditions or coercive force Hc, maximum magnetic penetra-

tion (/Y. magnetic induction in the field of 15 e (B).) and magnetic residual in

duction Br. Mugnetic properties were chosen as thay are cor.siderad to be the pest

most sensitive to the fom of the pores, and they were maaured at the standard

~

bellistie 1natallatiox;/l./. The results of measurewents of the Yeeded} surface of -

opea pores 5! and chanse in chemical content are given in the following table.

-~
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CONDITIONS OF SINTEHING s, w7 gr co °/, o, °/°
Compressed btriquetts 0,20 9,10 0,32
I. Sintering in H, - 0415 : 0,02 - 0430
II, III Sentering in moist L, 0,15 0,01 0,31
IV. Sintering of oxidized samples 0,12 _0.02 . Q.BO
V. Cyclic sinterini(3 times ¥, 0, 7 0,13 I 0,01 Vv 0,30
times Ho)
V1. Sintering in 2{24— $ic 0,07 0,01 0,03
7II. Sintering of cxidized aux:ples 0,065 0,01 0,03
in H;-4MC1 ’
VIII. Sintering witk NH,Cl 0,10 o.ole . 0,16
{4 IX. Sintering with N F '0.13 L 0,07 - 0,430

1 The investisation of micrcstructures has pot showr u ncticeabls difference in the
4 dimensions of the grapha of samples, which were sintersd at the different conditions.
A8 it was shown by the results of the investigation, the lorngest influence on the values

] of  and Hec hus been at conditions VI «nd VII, that is with eprlication of hydrcgen
D e ' '

1) The messuremsnts were couducted according tc the method of B. V. Deryagin/S/, per-

fected by'us for experimentaticn with compressed brigquetts (dia 10 mm, h 2 5 mx),

which were sintered under conditions I-IX during one hour at 120¢° c. The number of

open pores has beea adbout 25%. e s :

[ -
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Density g‘/CHJ
Influence of densities on magnetic properties of samples “hich were sintered a.

different cocnditions of. activeted sintering,

condition I, cintaring in H.

— - condition II, sintering in moist Hy(2X of K, 0)

+—— 4 —— CONZITICN III, sinteting in‘moist H_(10% of H_0)

;" t—-—— condition IV, sinterine of oxidizaed samples

‘ 0 —/— CONDITION v, mxitaxxag cyclic sintering

14

;. —A; condition VI, sintering in ¥, 4 HC1
I ) 2
I v '
o — condition VII, sintering of oxidized sawplss in H_ {HC1
‘_/6 — condition VIII, sintering with A1203* 0.1% NH C1
—t ‘eondition IX, sintering with u;o..{— 0,1% NHA!‘

Ths mechanism of HC1 is an intensification of processes changing form of the surface
/ - :

/o
grawity end refining chenicsl content(see table). The presence of K1 results from the
. , o

formation on ths ,édgea of the pore of) FaCl, which is evaporated end reduced by hydrogea.

/

The atoms of irom so formed are concertrated in places of the minimum content of free

energy (cavity;’on the surfece particley, Joints of part\)cles) and hydroger chloride
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sgain reacts with iron on the action joints of surfaces and atc. By thia
process the uurféco?éraina is smothered; the anslogous process occurs also v;th
admizture of NH,C1 end N F(for the last case the tron floride is fusing at 1100°C)
/1/. The suffaco of HC1l is responaible for the formation of mangansse chloride,
which eveporates easily, und ita contents in samples il_diminiahing.

This large spreriod form of pores raduces the distinguishing influence of
cppositery directed poles, which are forming on the protusions of thq surface pores. -
Admixtures also influence magnatic propertien.ts.rar as during sintering nnder
conditions I —- VIII the carbon content, which must greatly influsncs magretic
prcpertiga./é/, recains almost unchasged (0,01-— €,02%), then the improvement of
'F and He at the sintering with elling HCl to atmosphere can te attributed‘to the
influence of surfaces pores, baceuse mangnanoae‘arrdctsf\ and He in considerably
lowsr degres.than carbén. So, according to experic formlas /6/ 0.273 of M1 changes
He or sbout 0,1 arg,. tut iu our cass, we have a mch greater difference=0,3=0.6erg,

In the troa;iee-/7/ ths theory cn the dependence of dtelec?ric und magnetic
penetration on ths denaity with accounting for the farm of pcres(spherical, disce
ahpeed, aeicular) has been develcped; our resuit;";i;;;:;m;; :;;_I;;—;;;;eptton.
(1) Sensitivity. Sensitivity of f*. end He to the form of pores /6/ aad infiuence of
refining has also been noted in invsutig;tion: /8, 9,. |
The role of refining (bﬁ carbcn' is evident when the surfaces sintered at condi‘ions

| (feeding)

V and IX are compared. The activs/surface of pores wes C,13 x /sr. but high content

of carbon during the sintqring with NH F (the note on the container explains it is
. b

as a restricted passage te hydrogen) is responsaible for lov values ot\magnéiic

.3/“v»

"characteristics.

I) In monograph (11) we tried to differentiste the influence of the surface pores
conditions on the change »5f physic-meuchanical properties during isothermic sine-
tering of iron. The result had been considered mlightly higher due to incomplete
accounting of density influence and partial refining, ‘ .

\
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According emperic formulas /6/ 0,06% of C change Hc on about 0.2 erg, but in

~ our case the difference was about O.4 erg, probadbly due to additional negative

influsnces of irom floride forming during the process.

At the sintering with NHhCI the higp contsnt of earbon was alsc observed, but

- small activo(feedtngj surfaces(and particularly tha asmeller content of mangsnese)

probably compensats for this fact. Sintoring\iity.Nanl and NHhF can be recommended
bighly for the ccnstruction naterials, as the emall admixtures influence mach;;ical
properties considerably less thoa they influence magnetic properties and effect éf
smothering of pores axpresses in full scale /1-3/, Sintering at cozditions II and
V less than et conditiona VII affect the intensification of chances in magnetic
properties. Tk results, a;iﬁ rule,correspond to certain disintegration, especially
for conditicn V in internal of smmll densities, whica can be explained by specific
charactaré of oxidaticn of pxaxaxx porcus todies. Molstness of hydrogen eontributes
only to the decrease in Hc. Magnetic and residual induction depends tasically on
the density of porous bodies, elthousgh this maxxxw process is somewhat dependcat on
certaic dispersion.

The admixtures of hydro.ecn chioride into.tbe atmosphere of sintering favcrably
afrec?u ‘the p;;;;;tiee of metalloeceramics bodies, butszée presence of HCl dim=

inighes anticorcsive propsrties of samples and requires introduction of spacial

measures of the safety tochnique. Therefore, the further investigation ia necehsary

" to determine un apxime optimal EEEXEX quantity of HC17 According to /10/ the

e ——,
- —

I
“admixture of haleid acids into the atnnsphero of aintcring ahould not exceed 0.00011.
but this rigure ovidpntly vould be reviaed. In our case tho quantity of HCl haa not

been controlled, but decreases in weicht in all tests and was constante (3%)

<
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