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Abstract: The content of the SmCos phase, as the carrier of magnetic properties, was
controlled by X-ray diffraction analysis. The content of the SmCos phase, as a function of
sintering time and temperature, under constant heat treatment conditions, was observed
through the intensity of its most significant diffraction peak, which corresponds to the (111)
plane. By correlating these parameters with a mathematical treatment, a mutual dependence
was established. A regression dependence was obtained that showed that the intensity of the
diffraction peak of the (111) plane of the SmCos phase depends upon the squares of both the
sintering time and temperature, for given heat treatment conditions. It is possible to optimize
the sintering conditions by calculating values of sintering time and temperature for which this
dependence has its maximum.

Keywords: SmCo; magnet; X-ray diffraction; Sintering,; Modelling

Pezrome: [lpi nosonps seroga PEHTICHOCTPYKTYPHOIO  aHAIN3A HAGTIOZA01f cofepxanme
SmCos-thasbr B KauecTRe HOCHTENS MernurHbix cooficrs. Ilpn srom nposegen awanms
AHpppaKusonnoro  saxcumyssa, cooTseTCrByomero nnockoern (111) B saBucisocTs or
TEMACPATYPLI ¥ BPCMCHI CHEKAHHS [IPH TOCTOSHHbIY VCIOBHAX Tepasiicekoli obpatorkn, ¢
FOMOUIBIO KOPPCARIHOHHOIO aHANHIA YCTaHOBACH: BITHMOIABHCHMOCTE  3THY NapaMeTpos.
Tonyuennoe  perpecenonnoe COOTHOMICHHEC — [OKAIBIBACT, "TO  HHTCHCHBHOCTH
Anpppakunontoro muka or mnockocri (111) gns SmCos-chaznr zapicir OT KBagpaToB Kax
TCMITEPATYPLL. TAK H BPEMCHN ClIeKanng as FYAAHHBIX YCAOBHI TCPMITICCKR OS] o0paborkis.
Ornrumantubie yenosus crexamms COOTBETCTBYIOT PACYCTHBIM IHAYCHIIN TeMIICPaTyper i
BPCMCHH CIIEKANIA. 1TPH KOTOPBIX yKazannas FABHCHMOCTD JOCTHIACT MaKCHMY M.,

Krrovessre crosa: SmCos maruur: Mogeanposanne;  cnekamie: :

PCHTICHOCTPYKTY,
AHAIIHT. PYKTYPHbL

7O 1DEKC reHor
FEEHCHOCTH Of
yenose  repuanryxe oopage.

Hamspaxerer ARPPEIKYHOHOr rIxa Ko ogrosapa (777) paorsy, & V%
TeMISPETYLE 1 Bpesens CHHTEPOBENG 33 KOHC TaHTHE
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W IHXOBOM MATEMITHIKOM OODELJOM yTBPLeHaE [e

Koperaiymom OBHX [18PaMETE0aE
MEBYCOOHE 38EHCHOCT. LJobwjena perpecHona IasHeHocT 1oKasy e 4a HHTOHIHTET [THKE HE

ra
(777) pasrm 38 SMCOos Qasy Ia6HCH Kano of KBELOETE TeMIBPATY P, TaKO # Of K408

7%
BOGMENE CHWTEPOBENE 38 HEQHHCaHe ycr1oBe TepMHYIKE O0PaJe. HIPavyHaBare
BDEGHOCTH TEMIEPATYPE M BPEMENE CHWIEPOBE!LE 38 Kofe [OOHEHE IaBHCHOCT HME

MAKCHMYM, OMOTYAEHA [ ONTHMHIGLHE YCII0BE CHHTELOBEA.
Arpyyre peyn: SmCOs MArHeT, PeHreHCKa JHEDPEKYHE, CHHTEPOBEE, MOJEITOBEIHE.

Introduction

All rare earth permanent magnets contain more than two elements an.d are
multiphase, metastable metallurgical systems with complex microslrgcturcs. Wlfhou!
making a serious mistake, [1] sintered SmCos magnets may be considered as bu?ary
alloys. Non-metallic impurities, primarily oxygen, are inevitable during productnsm,
but when pressing and sintering are carried out in a proper manner, the sintered bodies
are of high density without connecting open pores. This enables a drastic lowering of
the oxygen content, except in the surface layer. [1-3]

The technological procedure for obtaining sintered SmCos magnets, includes,
as a usual production step, machining. There are two reasons for machining. The first
is to obtain appropriate geometry and the second is to remove the surface layer,
enabling full magnetic contact. During this operation the oxide layer is removed.

In the final sintered SmCos magnets, beside the solid intermetallic SmCos
phase, various Sm-Co phases are present, as minor secondary phases. SmCos is the
principal flux producing phase in the magnets. The minor phases with different ratios
of Sm (Sm:Co from 2:17 down to 1:3) influence the coercivity and its temperature
dependence. [1]

The most frequently occurring secondary phase is SmyCos, the presence of
which can be identified by metallographic investigation. with SEM and EPMA [4],
while its detection by X-ray diffraction is complicated by the similarity of the
interplanar spacing of the SmCos and Sm,Co; phase [5]. Only the diffraction peaks of
SmCos phase can be identified on the diffractograms of well sintered SmCos magnets

When all these facts are take into consideration, the decision to observe the
quality of sintered SmCos magnets through the intensity of the diffraction peaks of
the SmCos phase. is an acceptable approximation. In this investigation, the most
significant  diffraction peak, which corresponds to the (111) plane of the SmCos
phase, was correlated to the sintering parameters, for heat treatment at 920°C.

In a previous paper, [6] it was established that for heat treatment at 900°C, the
intensity of the most significant diffraction peak, corresponding to the (111) plane of
SmCos phase, [7] depends on the squares of both the sintering time and lemperature.

- 'The same principals of regression analysis are used in this work, but the
conditions of heat treatment were different (920°C).

Experimental

Commercial SmC05 powder, prepared by the Reduction-Diffusion process
was used as the starting powder in this work. A schematic presentation of (he
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apphed technological

investigated technological procedure, together with the

parameters, 1s given in Fig.1.

S

COMERCIAL POWDER —

Sm W T7:03% Co 6482 03%
(= AD0gm|
I HEAT TREATMENT
.

v Temperature 920 C

MILLING Time: 90 min

in anhydrous toluene 30-4% sunules

(average pariacle size 7107 um! Protection atmsphere: v

PRESSING IN MAGNETIC FIELD

pehisMPa -
standard labwgatory atmosphete MACHINING

i

SINTERING

MAGNETISATION

Temperature (PU0val 1100 -1180 C
Time $0-6 man

Protection atmosphete yacuum

:

Fig.l Schematic presentation of the investigated technological process of obtaining
sintered SmCos magnets

Sintering at temperatures of 1100. 1 120. 1140, 1160 and 1180 °C, for sintering
times of 30. 45 and 60 minutes, was investigated. Sintering and heat treatment was
performed in an electroresistant Lenton furnace. The furnace had a maximal working
temperature of 1500°C, electronic programming and temperature control with a
precision of £1°C. At the temperature of 1100°C, sintering was only investigated for
60 minutes. and at 1180°C only for 30 minutes. Heat treatment, for all the
investigated sintering times and temperatures, was always at 920°C for 90 minutes.
The specimens were rapidly cooled to room temperature after heat treatment.

The presence of the SmCos phase, after the investigated sintering conditions
followed by constant heat treatment conditions, was observed using powder X-ray
diffraction analysis of the polycrystalline specimens. The X-ray analysis was
performed using a PHILIPS PW 1710 diffractometer and a copper anticathode
(A=0.154178nm).

Results and Discussion

The intensity of the most significant diffraction peak, which corresponds to the
(111) plane of the SmCos phase [7], after all the investigated sintering temperatures
and time intervals, are given in Tab. L.

A comparative presentation of the diffractograms of the sample after sintering
ata temperature of 1140°C, for different times is given in Fig. 2. The heat treatment
for all the sintered samples was the same- 90 minutes at 920°C. The first four
important diffraction peaks for the SmCos phase are marked on the diffraclogrr:i‘r::ss:l
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The trend of the change in the intensity of the (1 11) plane peak of SmCos with ime,

is graphically indicated.

Tab. 1. Dependence of the intensity of the diffraction peak of the (1 11) plane of the

SmCos phase, on the sintering parameters

temperature, °C

1160 | 1160 | 1180
Sintering 1100 | 1120 | 1120 | 1120 1140 | 1140 | 1140 1160

min.

Sintering time, | 60 30 | 45 60 | 30 | 45 60 30 | 45 60 | 30

Peak intensity
of the (111) 22 | 26 | 31 38 35 | 48 31 44 36 28

plane, Cts

21

80

Counts]

7 [
Yo 20 40 69

Fig.2 Trend of the change in the intensity of the (111) plane peak of SmCos with
time, for samples sintered at 1140°C

The experimental data obtained by X-ray analysis was treated by
mathematical method [8-10]. The independent variables were time and temperature
of sintering, while the dependent variable was the intensity of the most expressed
peak, which corresponds to the (111) plane of the SmCos phase. The simplest non-
linear dependences were investigated to establish the most appropriate one.

The investigated regressional equations of the dependence of peak intensity
upon sintering time and temperature are given in Table 11, together with calculated
average square errors . The calculated values of temperature and time of sintering for
which these functions have maximums are also given in Tab. IL
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Tab. 1. The investigated regressional equations for the depcndeflce ‘of (I?c peak
intensity of the (111) plane of the SmCos phase on the sinternng time and

temperature
No. Regressional equations Average square error triaxs y R
(€ min.
I kg kT +ka tkaTHks 5,50572 1141,7 44,
2. |k, CakoT+ka L TH Ky 7.26607 . -
3 |k, kT +ka t THKat+ KsT+ Ko 3,78799 11419 43,26
4. |k C+koT+ ks 8.06691 - .

In Table 2.. ki ki ki ki ks and ke are parameters: - the sintering
temperature in °C ; T- the sintering time in minutes ; tmax - the sintering temperature
for which the diffraction peak of the (111) plane has a maximum; Tmay -Sintering
time temperature for which the diffraction peak of the (111) plane has a maximum.

Regressional equatiqns No. 2 and 4. do not have a maximum in the
investigated interval, and for this reason, as well as the greater average square errors,
these equations are not considered to be adequate ones. For dependencies of No.l
and 3, the temperatures and times of sintering after which the diffraction peak of the
(111) plane has a maximum, are similar.

It is obvious that the smallest average square error is obtained when equation
No. 3 is used. This function was chosen as the most appropriate, and is represented by
the regression equation (1):

[=-0.0175 t*-0,0220 T - 0,0205 t T +40,8538 t + 25,3125 t-23830 (1)

S—y
@

I, Counts

10 20 30 40 50

Fig.3. The intensity of the (111) i i
; plane diffraction peak of the S :
experimental (®), according to the model(Q) PR
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f the dependence of the experimental results
the intensity of the (111) plane peak of the '
SmCos phase, on sintering temperature and time, as \\./ell f':s the values obtaincdfusm]gl
the regression equation (1) (white circles) is shown in Fig. 3. Heat lrcalm«:nt. or a
the investigated sintering times and temperatures, was always at 920°C for 90

minutes.

A graphical representatio
Fig. 4. It is obvious that the intensity the intensity of 'l
plane of the SmCos phase has a maximum in the in
sintering time in the interval 43-44 minutes.

A graphical representation 0
(black circles), obtained by measuring

n of the regression dependence (1) is given in the
he diffraction peak of the (111)
terval 1141-1142 °C, and the

40+

. Counts
w
[~=]

Fig. 4. Graphical presentation of the regressional model

Experimentally it was confirmed that the best results are obtained when
sintering is performed under conditions resulting in the maximum intensity of the
diffraction peak for the (111) plane.

The following conclusion may be drawn:

A. As the intensities of the diffraction peaks are small, it is more appropriate to say
that there is a trend instead of a dependence. However, it is obvious (Fig.4.) that
the intensity of the diffraction peak of the (111) plane of the SmCos phase has a
parabolic dependence on the time and temperature of sintering. The obtained
regression model shows that the intensity of diffraction peak depends on the
squares of both the sintering time and temperature for a given heat treatment.

B. Using this model, the highest intensity of the diffraction peak of the (111) plane
of the SmCos phase, is obtained using a sintering temperature of 1141-1142°C
and a sintering time 41-42 minutes. It was confirmed experimentally that the best
magnets are obtained using such sintering conditions.
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i it is possible imi sinterin
C. It was also confirmed experimentally that it is possible to ()pllmlzc‘ the snln : “g/
parameters for the production of the investigated SmCos magnet with only fe

experimental data using the established regressional equation.
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