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Tom tat: 

Trong bdi bdo ndy chirng tdi trinh bdy mdt sd kit qud dd thu dugc vi viic 
nghiin citu cdng nghi chi tgo vdt lieu tit citng ngnocomposite Nd-Fe-B. Vdt lieu 
dugc chi tgg bdng phuang phdp phun bdng ngudi nhanh kit hgp vdi qud trinh xir 
ly nhiit Anh huang cua hgp phdn vd edc diiu kiin cdng nghi dugc khao sdt mdt 
cdch hi thdng. Ndng do ddt hiim dugc thay ddi trong khodng rdng tir 4 den 12%). 
Vai Ird ciia cdc nguyin Id thim vdo nhu Nb, Co, Pr... dugc khdo sdl ky' ludng. 
Tdc do ldm ngudi vd chi dd ii nhiel ldi iru cho cdc hgp phdn khde nhau dugc dua 
ra. Qua qud Irinh nghiin ciru, chimg ldi ed thi chu ddng chi tgo dirge vgt liiu 
ngngegmposUe Nd-Fe-B cd cdc thdng sd tit citng nhu mong mudn (trong khodng 
luc khdng lit 10 kOe vd lich ndng lugng 15 MGOe). Cdng nghi chi tgo thu dugc 
eug chiing ldi ed thi itng dung vdo thue li. 

GIOI THIEU 

Vat lieu tir ciing nanocomposite Nd-Fe-B dugc phat hien ban 20 nam trudc[l], Ngay 
nay chiing dugc img dung rat nhieu trong cac ITnh vuc khac nhau ciia ddi sdng [2]. Vat lieu 
nay gdm hai pha tir cd kich thude nanomet: pha tir mem FejB/a-Fe va pha tir cimg Nd2Fei4B. 
Vi cau tnic nhu the lam xuat hien tuang tac trao ddi dan hdi giira cac hat tir cung va tir mem 
lan can nhau. Tuong tac naj' ket hgp dupe uu diem tir dp bao hda cao ciia pha tir mem \ di tinh 
di hudng tir tinh the Idn ciia pha tir cimg. Ket qua la tao ra dupe vat lieu tir cimg cd tich nang 
lugng (BH)ma.x Idn. Mat khac, lugng dat hiem Nd trong vat lieu loai nay nhd hon rat nhieu so 
vdi loai vat lieu Nd-Fe-B thieu ket nen lam giam dang ke gia thanh san pham. ngoai ra nd cdn 
lam tang dp ben hda hpc cho vat lieu. De che tao dugc vat lieu cd nhiing pham chat tir tdi uu 
thi hgp phan va quy trinh che tao la nhirng nhan td quyet dinh chinh. Trong nghien cim nay, 
chiing tdi da khao sat mdt each he thdng anh hudng cua hgp phan va cac dieu kien cdng nghe 
len tinh chat tir ciia yat lieu tir cung nanocomposite Nd-Fe-B, cbl tao bang phuong phap phun 
bang ngudi nhanh ket hgp \'di qua trinh xu ly nhiet. 

THUC NGHIEM 

Tien hgp kim vdi cac thanh phan mong muon dugc ehl tao tir cac don kim loai Nd, 
Dy. Pr, Fe. Co. Nb va hgp kim FeB (B18%) bing each niu chay trong Id hd quang. Phuang 
phap phun bang ngudi nhanh vdi cac tdc dp ngudi khac nhau dugc su dung dl chi tao cac 
miu bang tir tien hgp kim.^Su thay ddi tdc dp ngudi dugc thuc hien bing each thay ddi van 
tdc ciia trdng quay. Cac mau bang hgp kim sau khi phun dugc xir ly nhiet d cac chi dp khac 
nhau. Tat ca cac qua trinh tao mau (niu hd quang. phun bang va ii nhiet) diu dugc thuc hien 
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trong mdi trudng khi Ar dl tranh sir dxy hda. Cau tnic cua cac mau dugc xac dinh bang 
phuong phap nhieu xa tia X (XRD) va biln vi dien tir. Tinh chat tir ciia mau dugc khao sat 
qua cac phep do tir nhiet va tir tre. Tich nang lugng (BH)mav dugc xac dinh tir dudng tir tre, da 
dugc hieu chinh anh hudng cua trudng khir tir theo hinh dang va kich tbudc mau do. 

KET QUA VA THAO LUAN 

Mpt trong cac vin dl miu chdt trong cdng nghe che tao vat lieu nanocomposite Nd-
Fe-B la lam sao ebo lugng dit hiim Nd trong vat lieu tham gia tao pha tir cung Nd2Fei4B 
cang nhilu cang tdt. D I dat dugc dilu dd ta phai tim dugc tdc dp lam ngudi hoac che dp xir ly 
nhiet thfch hgp. Hinh 1 minh hpa sir tao pha tinh thi Nd2Fei4B bing hai each tren. Tuy nhien, 
tiiy thupc vao timg hgp phin cu thi ma cd thi ap dung phuang phap thay ddi tdc dp lam ngudi 
hgp kim ndng chay hay phuang phap ii nhiet cac hgp kim vd dinh hinh. Chang ban vdi hgp 
kim ba thanh phin Nd-Fe-B cd ndng dp dit hiim thip (~4%o), cac ket qua nghien ciiu ciia 
chiing tdi da chi ra ring vat lieu khdng thi tao true tiep pha tinh the Nd2Fei4B tir hgp kim 
ndng chay bing each khdng cbl tdc dp lam ngudi ma phai qua qua trinh ii nhiet [3, 4]. Trong 
khi dd hgp kim cd hgp phin danh dinh Nd8,5Co2 Fego.sNbsBe cd the tao pha tir cimg Nd2Fei4B 
bang each chpn tdc dp lam ngudi ung vdi tdc dp trdng quay la 10 m/s (hinh la). 
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Hinh I; Gidn dd XRD ciia bdng ngudi nhgnh Nds.5Co2 Fego.sNbsBiphun vdi Idc do 10 
m/s, 20 m/s vd 40 m/s (a) vd ciia mdu bdng ngudi nhanh Ndjo.5Nbj_5Fes2B6 chua it nhiit vd da 

il nhiit a 625°C trong thdi gian 10 phiit (b) 

Kit qua nghien cim ciia chiing tdi ciing da chi ra rang, vat lieu cd hgp phan vdi ndng 
dp dit hiim cao cd the tao pha tinh the Nd2Fei4B true tiep tir hgp kim ndng chay (hinh la) 
hoac bing each ii nhiet (hinh lb). Tdc dp lam ngudi tdi uu hay che dp ii nhiet tdi uu phu thupc 
vao hop phin cua hgp kim. Vi vay, viec khao sat mdt each he thdng de dua ra dupe quy luat 
anh hudng ciia hgp phan tdi cac dieu kien cdng nghe che tao tdi uu la rat can thilt. Sau khi 
nghien cuu mdt each he thdng chiing tdi nhan thay rang vdi ndng dp dat hiem cang nhd thi 
viec tao ra pha tir cimg Nd2Fei4B true tiep tir hgp kim ndng chay cang khd khan va ngugc lai. 
Mpt sd kit qua nghien cim ve van de nay ciia chiing tdi da dugc cdng bd tren mpt sd bai bao 
[3-8]. Sir kit tinh cua vat lieu cdn chiu anh hudng ciia cac nguyen td pha them. Vin dl nay se 
dugc trinh bay ky d phan dudi day. 

Viec them vao cac nguyen td nhu Dy, Pr, Nb, Co... la mpt trong nhung dilu kien 
chinh dl cai thien cac thdng so tir ciing va dn dinh cdng nghe che tao vat lieu nanocomposite 
Nd-Fe-B. Trong thuc t l , hau het cac nguyen td pha them lai cd mpt vai trd nhit dinh 
trong viec dn dinh cdng nghe che tao hay nang cao pham chat tir ciia vat lieu. Ching 
ban, pha Pr2Fei4B cd di hudng tir tinh the Idn ban pha Nd2Fei4B nen viec thay thi 
mdt phin Nd bdi Pr cd the giiip cai thien dang ke lire khang tir ciia vat lieu. Vdi Dy, 
mac dii Dy cd gia thanh dat hon ca Nd ya Pr nhung do sir tang cudng dang ke tinh tir cimg, 
dac biet la cho cac vat lieu cd ndng dp dat hiem thap, nen cac vat lieu chira Dy van dugc quan 
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tam nghien cim va iing dung. Mat khac, sir cd mat ciia Pr va Dy da lam tang kha nang t^o 
trang thai vd dinh hinh (TTVDH) cho hgp kim. Dieu nay ddng nghTa vdi viec giam dugc tdc 
dp lam ngudi, tire la de cbl tao dupe hgp kim d TTVDH trudc khi ii nhiet. Cac ket qua nghien 
cuu anh hudng ciia ndng dp Pr va Dy ciing cac qua trinh ii nhiet khac nhau len tfnh chat tir cua 
bang ngudi nhanh Nd4.xPrxFe78Bi8 (x =1, 2, 3 va 4) va Nd4.xDyxFe78Bi8 (x = 0,25; 0.5; 0,75 va 
1) cho phep chiing tdi xac dinh dugc ndng dp tdi uu cho He cao ciia Pr tir 1 den 2% (hinh 2a) 
va Dy tir 0,25 din 0,5%. Nhiet dp ii toi uu khoang 650°CH-675''C, thai gian ii nhiet khoang 10 
phiit, cac mau Nd2Pr2Fe78Bi8 va Nd3.5Dyo.5Fe78Bi8 cd lire khang tir deu la 3,3 kOe va tich nang 
lugng la 13 va 15,5 MGOe tuong img. So sanh tfnh chat tir cua chiing vdi cac mau khdng 
chira Pr va Dy cd ciing thanh phan tuong tu chiing tdi thay rang, lire khang tir va tich nang 
lugng (BH)ma.x cua tit ca cac mau deu tang dang ke. Vdi Dy, luc khang tir va ticb nang lugng 
cue dai ciia vat lieu cd the dugc tang tren 20%o vdi mpt ndng dp kha nhd (dudi 0,5%)) ciia Dy. 
Cac ket qua nghien cuu chi tiet ve vat lieu tir ciing nanocomposite Nd-Fe-B chira Pr hoac Dy 
dugc trinh bay trong mpt sd bao cao trudc day cua chiing tdi [3,4]. 

Mpt trong nhirng van de lam suy giam tinh chat tir tdt ciia nam cham dan hdi nen Nd-
Fe-B la sir hinh thanh cac tinh the Idn, dan den sir thoai boa hieu iing dan hdi va lam giam lire 
khang tir ciia vat lieu. De dieu chinh sir phat trien cac tinh the trong cac vat lieu tir nen Fe, Nb 
thudng dugc them vao vat lieu, bdi Nb cd the bao quanh cac tinh the va ngan can sir phat trien 
ciia cac tinh the. De tang nhiet dp Curie ciia vat lieu, su them vao Co la thich hgp nhat, ngoai 
ra Co ciing cd kha nang lam tang kha nang tao TTVDH va lam min hat. Qua nhiing nghien 
cuu trudc day, anh hudng rieng biet ciia Nb va Co len nam cham dan hdi Nd-Fe-B da dugc 
khao sat. Trong nghien cuu nay, chiing tdi tap trung khao sat anh hudng ddng thdi cua Nb va 
Co nen cau tnic va cac tinh chat tir cua hop kim, chang ban nghien ciiu he hgp kim 
Ndio.5-xCoxFe83 s-yNbyBe (x = 0 ^ 8, y = 1,5 -̂  3) vdi tdc dp ngudi va dieu kien ii nhiet khac 
nhau. Cac ket qua ciia sir phan tich cau tnic cho thay rang rd rang su hinh thanh pha phu thupc 
vao ndng dp ciia Nb va Co. Kha nang tao TTVDH cua hgp kim tang len khi ndng dp ciia Nb 
tang tir 1.5 den 3%), trong khi ndng dp tdi uu cua Co cho TTVDH ciia hgp kim khoang tir 2 
den 6%. Tinh chat tir ciia hgp kim ciing bi anh hudng manh bdi ndng dp Nb va Co. Vdi ndng 
dp Nb tir 1,5 den 3%) dp vudng dudng cong tir tre ciia vat lieu la Idn va lire khang tir dat dugc 
khoang 10 kOe. Dac biet la tinh chat tir ciia vat lieu gan nhu khdng thay ddi vdi sir thay ddi 
tdc dp lam ngudi va nhiet dp ii tir 650°C -H 700°C. Dieu nay rat cd y nghTa cho viec che tao vat 
lieu trong thuc te. Hinh 2 minh hpa ket qua nghien ciiu anh hudng ciia Pr, Nb va Co len tinh 
chat cua vat lieu. 
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Hinh 2: Sitphu thugc cita luc khdng tit He cua hgp kim Nd4.xPr^Fe78Bi8 (x 
4) (a) vd hgp kim Ndjoj-xCo^NbsFeso.sBe (b) vdo nhiit do ii Ta . 

--I. 2, 3 vd 

215 



Tiiu ban Khoa hoc vgl lieu ISBN: 978-604-913-011-3 

O 

650 

(b) 
700 750 800 

T CC) 

650 

(C) 

675 700 
T. (°C) 

725 675 700 
T (°C) 

Hinh 3; He phu thugc vdo Ta cita hgp kim (Ndo.5Proj)xNbijFe94 5.x-yB4+y x = 6 (g), x = 
8(b), x = 10(c) vgx = 12 (d). 

De cd mpt birc tranh tuong ddi hoan thien ve cdng nghe che tao vat lieu 
nanocomposite Nd-Fe-B chung tdi da tien hanh khao sat mpt each he thdng anh hudng ciia 
ndng dp dat hiem trong mdt khoang rdng tir 4 den 12%. Cu the chiing tdi nghien cim cac hgp 
kim vdi hgp phan (Ndo.5Pro,5)xNbi,5Fe94,5-x-yB4+y (x = 6-̂ 12 va y = 0-^12). Vdi mdi ndng dp dat 
hiem chiing tdi tim dugc mpt ndng dp B tuong img tdt nhat, cimg vdi mdt che dp ii nliiet tdi 
uu, thuan lgi cho viec ket tinh ciia pha tir cimg, cho gia tri He cao nliat (hinh 3). Chiing tdi 
cung nhan thay rang, khi ndng dp B tang dan thi kha nang tao TTVDH ciia mau dupe eai 
thien dang ke. Ddi vdi cac hgp kim cd ndng dp dat hiem Idn thi cd the thu dugc mau bang vat 
lieu cd cau tnic tinh themong mudn sau phun bang ma klidng qua qua trinh ii nhiet vdi ty phan 
Fe/B va tdc dp phun bang hgp ly. Tieh nang lupng cue dai phu thupc theo ndng dp dat hiem 
va ndng dp B da dugc chung tdi khao sat kha chi tiet [8]. 

Can cir vao nhirng ket qua nghien cim da thu dugc, chiing tdi lira chpn 3 he miu de 
thir nghiem che tao nam cham ket dinh. 

Qui trinh che tao cac nam cham ket dinh dupe thuc hien theo cac budc sau day: 

1. Tao bang hgp kim d TTVDH. Tir ket qua da nghien cim chiing tdi chpn toe dp trdng 
quay cho ca 3 he hgp kim la 30 m/s. Vdi tdc dp nay bang cd dp day ca 40 pm. 

2. Xir ly nhiet cac bang vd dinh hinh d che dp tdi uu. 

3. Nghien cac bang da dugc xir ly nhiet thanh bpt, sir dung ray bpt cd 0,4 mm. 

4. Trdn bpt hgp kim vdi keo theo ty le 0,25 ml keo/1 g bpt. 

5. Cho hgp kim da trdn keo vao khudn ep dudng kinh 16 mm va ep thanh vien ed 
chilu cao cd 15-20 mm vdi lire ep 7,5 tan/cm". Qua trinh ep sir dung hai che dp ep ndng (hot) 
va ep ngudi (cold). Khi ep ndng, nhiet dp ciia khudn dugc nang tdi ~300°C trong Ichoang thdi 
gian 5 phut. Ddi vdi cac vien nam cham ep nguoi cdn phai qua mpt qua trinh siy d 250°C 
trong 30 phiit. 
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6. Nap tir cac vien nam cham vdi tir trudng -50 kOe. 

Cac nam cham kit dinh cbl tao dugc cd dang nhu tren hinh 4a. Hinh 4b cho thiy cac 
dudng dac tnmg tir dai dien ciia cac nam cham ket dinh che tao dugc. 
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Hinh 4; Cdc viin ngm chdm kit dinh chi tgo dugc (g) vd cdc dudng ddc trimg ciia 
nam chdm ed hgp phdn Ndio.5NbijFe82B6 (b). 

Bdng I. Cdc diiu kiin cdng nghi vd cdc ihdng sd vdt lieu thu dugc cho 3 logi nam 
chdm nanocomposite. 

He mau 

Nd2Pr2Fe78Bi8 

Ndio.5Nbi,5Fe82B6 

(Ndo,5Pro,5)io5 
Nbi.5Fe82B6 

Kieu 
ep 

lanh 
ndng 
lanh 
ndng 

ndng 

Luc ep 
(Tan/cm^) 

7.5 
7.5 
7,5 
7,5 

7,5 

K.E. 
rieng 

(g/cm^) 
5,6 
5,8 
5,6 
5,9 

6,0 

MHC 

(kOe) 

3,4 
3,3 
7,5 
7,5 

8,0 

eHe 
(kOe) 

2,7 
2,7 
4,8 
5,0 

5,1 

Br 
(kG) 

7,4 
8.4 
7.3 
7,8 

7,8 

(BH)ma.x 
(MGOe) 

6,4 
7.8 
9.6 
10,7 

11,2 

Tir bang 1 cho thay lire khang tir ciia nam cham khdng ddi nhung tir dp bao hda va tir 
dp du ciia nam cham tang rd ret bang each ep ndng. NghTa la mat dp khdi cua nam cham 
dugc tang len, dan den lam tang tich nang lugng (BH)max ciia nam cham. Cdng nghe che tao 
nam cham nanocomposite Nd-Fe-B ciia chung tdi da dugc md ta chi tiet trong [9]. Qu\' trinh 
cdng nghe va thdng sd tir ciia cac nam cham ma chiing tdi da che tao dugc cd the img dung 
vao thuc te. 

KET LUAN 

Tdm lai, bang each khao sat anh hudng ciia hgp phan va cac dieu kien cdng nghe mdt 
each he thdng, chiing tdi cd the chii dpng cbl tao dugc vat lieu nanocomposite Nd-Fe-B cd 
cac thdng sd tir cimg nhu mong mudn vdi lire khang tir trong khoang 10 kOe \'a tich nang 
lugng cue dai (BH)max trong khoang 15 MGOe. 

Loi cam o'n: 

De tai nay dugc ho trg kinh phi ciia dl tai Nafosted, ma sd 103.02.40.09 va thilt bi ciia 
Phdng thi nghiem Trpng diem vl Vat lieu \'a Linh kien Dien tir, Vien Khoa hpc Vat lieu. 
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