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Effect of Zr on the crystallographic texture of precipitation-hardened
Sm(Co,Fe,Cu,Zr)- ribbons
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SM(Co,4F& 1CUy 1Zr1y,)7 (W=0.01-0.09 ribbons have been prepared by conventional melt spinning
followed by precipitation hardening. The Zr addition can suppress the nucleation of solidification
and increase the velocity of grain growth. This leads to the increase of texture degree of the ribbons
with increasing Zr content. The crystallographic texture is still preserved in ribbons after the
precipitation hardening. The remanence ratio of the heat-treated ribbons increases fromw.7 for
=0.01to 0.9 foww=0.08. An energy product of about 10 MGOe has been obtained in the ribbon with
w=0.03. The angular dependence of coercivity suggests that the magnetization reversal of the
precipitation-hardened ribbons is controlled by both domain-wall pinning and nucleation
mechanism. €005 American Institute of PhysidDOI: 10.1063/1.1888038

The SniCo,Fe,Cu,Zr, sintered magnets exhibit out- precipitation-hardened ribbons withh=0.08 and 0.03, re-
standing thermal stability and high energy produ@sl),.,  spectively.
at elevated temperatures due to their high Curie temperatures Ingots with nominal composition
and large anisotropy fields31t is generally accepted that the Sm(Co, Fe&) :Cug 1Zry,); with x=0.01-0.09 were prepared
high coercivity H; in these precipitation-hardened magnetsby arc-melting technique. The ribbons were obtained using
results from the coexistence of a cellular microstructure withthe single-roller melt spinning technique with the surface
rhombohedral 2:17 cells surrounded by hexagonal 1:5 celpeeds of the Cu wheel about 5 m/s. Subsequently, they were
boundaries. A Zr-rich lamellar phase is superimposed on thgothermally aged at 850 °C @& h followed by slow cooling
cellular microstructure. However, the complex microstruc-at 1 °C/min to 400 °C and then quenched to room tempera-
ture is usually obtained after a lengthy heat treatment conture. Crystalline structure was determined by x-ray diffrac-
sisting of homogenization at high temperatures followed bytion (XRD) with Cu K radiation. Scanning electron micro-
aging at temperatures in the range of 800-850 °C and sloyraphs (SEM) were used to show microstructure of the
cooling to 400 °C. Therefore, some efforts have been undesamples. The magnetic measurements were performed using
taken to simplify the above processing procedtitéinfor- 5 superconducting quantum interference device magnetome-
tunately, SniCo, Fe, Cu,Zr, magnets obtained through the ter and a vibrating sample magnetometer.
simple process are always isotropic. As a result, their  Figures 1a) and 1b) display the typical XRD patterns
(BH)max is far lower than those of the anisotropic of me|t-5pun and precipitation-hardened
Sm(Co,Fe,Cu,Zy, magnets prepared by the traditional Sm(Co,,Fe, Cu,Zr,); ribbons, respectively. As can be
powder metallurgical sintering route or bonding techniﬁﬁe. seen from Fig. (), the as-spun ribbons mainly consist of a

Recently, it has been found that the anisotropic magnetsingle ThCy-type phase. This means that the solid solution
can be obtained by a melt-spinning technique at low wheel
velocities’° A preference forc-axis orientation normal to or

parallel to the surface of melt-spun ribbons has been ob- (a)1:7 phase (b)1:5+2:17 phases
served in RE-Fe-& and Sm-C systems, respectively. §

However, anisotropic  precipitation-hardened  SrgCo < o w=001w=001 &
Sm,Co,; ribbons have not been obtained up to now. Numer- <

ous investigations show that the metastable 1:7 phase could

be segregated into a mixture of 2:17 and 1:5 phases by pre- =

cipitation hardening in recent yedf$ Since the grain- £

boundary and cellular phases are coherent, the anisotropic S

Sm(Co, Fe,Cu, Zr, magnets may be obtained easily if the w=0.04|w=0.04
anisotropic 1:7-type ribbons can be prepared by melt spin-

ning. In this letter, the ThGutype SmCaoy,Fey 1Cly 1Zry)7

ribbons were prepared by melt spinning. It was found that w=0.08]w=0.08

the degree of texture of the ribbons increased with increasing ”

Zr content. The crystallographic texture was still preserved 25 30 35 40 45 50 55 30 35 40 45 50 55
after the precipitation hardening. Remanence ratio about 0.9 20 (deg)

and energy product about 10 MGOe were obtained in the
FIG. 1. Typical XRD patterns ofl@) melt-spun and(b) precipitation-

hardened SiCo,,Fe Cu,Zr,); ribbons, respectively. Diffraction peaks
dauthor to whom correspondence should be addressed; electronic maimarked with(®), (O) and (+) belong to the 1:7, 1:5, and 2:17 phases,
rongcb@g203.iphy.ac.cn respectively.
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FIG. 2. SEM images taken from the free surface of melt-spun 0.6 y y ' y 0.4
SM(Co,y,Fe 1Cly 12Zr,,)7 ribbons.(a) z=0.01,(b) z=0.04, and(c) z=0.08. v /‘\\ 110
12} / N\ a—a 3
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treatment, which is required for the bulk precipitation- Eo 0sl / ‘/‘ ~v. 16 =
hardened magnets, is not necessary for the melt-spun mate- o ' ~ g
rials. No obviously preferential orientation of the crystallites A \ 4 T
is observed from the diffraction peaks of the sample with e | Pl
w=0.01. However, the enhanced intensity of (&0 peak
for the sample withw=0.04 suggests that the partially pref- 00 0 002 o004 006 008 o1

erential orientation is obtained. Further Zr substitution leads
to a more pronounced increase in the intensityld)) peak
and the crystallographic texture is obtained in the ribborFiG. 3. variations of,, J, H, and(BH),axas a function of Zr content for
with w=0.08. Thec axis of crystallites is supposed to lie in the precipitation-hardened $@0,,F&, ;Cty 121,,)7 ribbons.

plane.

As shown in Fig. 1), the 1:7 phase of the melt-spun )
ribbons is segregated into 1:5 and 2:17 phases after precipi.0-01- However, the large and compact columnar dendrite
tation hardening. In particular, tH&04) peak is characteris- 9rains of the ribbon wittw=0.08 means that the addition of
tic of the 2:17 phase but absent in the 1:5 and 1:7 phaseg.r can suppress t_he nucleatlon_ o_f solidification and increase
The broadened peaks of the precipitation-hardened sampl&&€ velocity of grain growth. This is the reason that the crys-
indicate that the phase transformation leads to the formatiofp!line texture is formed in the high Zr content ribbons. A
of a fine microstructure. This is similar to that observed inModerate case is presented in Figh)2Although the micro-
Refs. 11-14. More interesting, the XRD patterns of the anStructure of the ribbon wittw=0.04 also consists of large
nealed ribbons are very similar to those of the meIt-spurF°|Um”ar dendntg grain, each dendrite grain is composed of
ribbons. This means that the crystallographic texture is stilfeveral small grains. _ _
preserved in ribbons after precipitation hardening. Figure 3 shows the magnetic properties of the

The previous studies show that solidification starts at thdrecipitation-hardened @0, 1Cly 1Zry)7 ribbons as a
surface in contact with the wheel in the case of single-rollefunction of Zr content. It is found that remanence ratip
quenching® The large temperature gradient between the=J/Js, WhereJ, andJs are remanence and saturation mag-
wheel surface and the nozzle of the quartz tube alway§etization, respectively, increases from 0.7vcr0.01 to 0.9
causes the formation of dendrite structure, which is observetor w=0.08. Further Zr substitution leads to the sharp drop of
in SEM micrographs taken from the cross section of all rib-m;. Them, vs w plot can be attributed to the variation of the
bons. However, the Zr substitution results in a significanttexture degree of the ribbons with the Zr additidt, in-
modification to the microstructure of the ribbon surface. Fig-creases markedly with increasing and reaches the maxi-
ure 2 presents the SEM micrographs of the free-side surfad®um of 1.5 T atw=0.06 due to the increases of the amount
of the as-spun ribbons with different Zr content. The smallof Zr-rich lamellar phasé.Unfortunately, the addition of Zr
grains of approximately kxm in diameter are obtained in the lowersJs of the ribbons sincd of the Zr-rich phase is far
ribbon withw=0.01. No obvious preferential grain growth is lower than that of 1:5 or 2:17 phast¥s(BH)ay increases
observed in this low Zr content ribbon. Whereas, the columinitially due to the improvement of rectangularity of the de-
nar dendrite grains, with their long axes mainly parallel tomagnetization curves. It reaches a maximum value of about
the longitudinal axes of the ribbons, is formed in the ribbon10 MGOe atw=0.03, and then falls off due to the fast drop
with w=0.04. The average grain size is aboutu@  Of Js
X 15 um. With further Zr substitution, it can be found The dependence dfi.(6) as a function of the anglé
clearly that the columnar dendrite grains arrange more forbetween the applied field and the easy axis can be used as a
mally and compactly than those of low Zr content ribbons. Itprobe of the magnetization reversal mechanism. The resis-
is supposed that the Zr addition favors the formation of preftance against domain-wall displacement should lead to a co-
erential orientation, which agrees closely with the XRD ercivity law of the type 1/ cog.’’ The 1/co9 law is often
analyses. associated with the pinning mechanism. If the reversal

It is well known that the solidification process is com- mechanism is coherent rotation, the anqular dependence
posed of two steps: Nucleation and growth. The previoushould follow the Stoner—WohlfarttSW) law. 8 H. is equal
studies show that the addition of Cu to the Fe—-S-8r  to 1/[(cos6)?3+(sin §)Z3]¥2 for 0< 6< /4 and sii26)/2
Sm-Fe-Si—¢ alloys increases the nucleation rate and limitsfor 7/4 < 6=< /2. The existence of coherent rotation is an
the grain growth and thus leads to the formation of fine grairindication of nucleation, because in this case the magnetic
size. In this work, the presence of Cu may also result in theeversal occurs without domain-wall displacement. Figure 4

formation of the small grain sizes in the ribbon with  gives the angular dependence of coercivity for the sample
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