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Tom tat: 
Bdo cdo trinh bdy cdc kit qud nghiin citu ung dung cdng nghi luyin kim bdt 

di chi tgg vgt Mu kim logi cdlinh ndng dgc biit tgi Viin khoa hgc vdt lieu. Trong 
dd, vgt iiiu ma sdt thiiu kit Id hgp kim logi - gdm vdi khd ndng cMu^ nhiit dd cao, 
do mdi mdn thdp dugc chi tgo bdng cdng nghi luyin kim bd{ truyin thdng Hgp 
kim citng hi WC/Co vai do bin vd do dai cao dugc chi tgo bdng cdng nghi thiiu 
kit - ep ndng ddng tinh bd sung. Thep crdm hod ben bdng cdc hgt dxU phdn tdn 
min dugc nghiin ciru chi tgo bdng phuang phdp hgp kim hod ca hgc-ep ndng. 

Abstract: 
This pgper represents the results of research on application of powder 

metallurgy to fabricate special metallic materials at IMS. Sintered friction metals-
ceramic composite material with high temperature resistance and low wear was 
fabricated by conventional powder metallurgy technique. WC/Co hard alloy with 
high rupture strength and high toughness was fabricated by Sinter plus HIP 
method. Mechanical alloying and hot-pressing sintering were used to fabricate 
oxide dispersion strengthened steel. 

I. Gidl THIEU 

Luyen kim bpt la cdng nghe dang tren da phat trien, linh vyc cdng nghe nay dang tien 
nhanh hon bit cu cdng nghe kim loai nao khac. Viec ung dyng cdng nghe lu^en kim bpt hien 
tilp tyc dugc md rdng sang nhieu ITnh vyc ky thuat. Ngoai img dyng de che tao chi tiet ket 
ciu vdi sd lugng Idn, gia thanh ha theo phuong phap near-net-shape, luyen kim bgt cdn la mpt 
phuong phap cdng nghe rat bun hieu de che tao cac loai vat lieu mdi cd cau triic va tfnh nang 
dac biet. Trong dd phai ke den cac loai vat lieu nhu: bac trugt, vat lieu Ipc, vat lieu tir ciing va 
tir mem, vat lieu chiu nhiet dp cao, vat lieu ma sat, hgp kim cung, vat lieu chiu mai mdn, hgp 
kim lam dan xuyen, vat lieu cat, vat lieu xdp [I]. 

Tren ca sd cac trang thiet bi hien cd tai Vien Khoa hpc vat lieu trong ITnh vuc luyen 
kim bdt va xuat phat tir nhu cau thyc te, chiing tdi da lua chpn mpt sd ky thuat trong cdng 
nghe luyen kim bdt de che tao vat lieu ma sat td hgp kim loai - gdm, hgp kim cimg va thep 
crdm boa ben bang cac hat dxit phan tan min. Bao cao nay trinh bay mgt sd ket qua nghien 
cim che tao va ung dyng 3 loai vat lieu ndi tren. 

II. MOT SO KET QUA NGHIEN CUtJ VA ifNG BUNG 

1, Nghien cuu cong nghe che tao vat lieu ma sat thieu ket to hop kim loai - gom bang ky 
thuat luyen kim hot truyen thong 

Ll. Nghien ciru phat trien vgt lieu va cdng nghe che tgo 

Vat lieu ma sat la loai vat lieu diing de che tao ma phanh ngan chuyen dpng ^ lia 
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phuong tien giao thdng hay may mdc bang ma sat truat. Ngay nay, vat lieu ma sat thudng la 
vat lieu td hgp, dugc che tao tir cac loai bdt rdi, bao gdm 3 thanh phin chfnh cd tfnh chit ho 
trg nhau: (i) thanh phan lam tang ma sat gIm cac hat cung cd glc dxit, cacbit, silicat, (ii) 
thanh phan lam giam ma sat hay cdn gpi la chit bdi tron rin bao gom chii ylu la graphit va 
cac sunfit kim loai, (iii) thanh phan lien kit vdi cbiic nang chii ylu la tao dp bin cho vat lieu 
nhu nhya hiin CO hoac kim loai [2]. 

Da biet, doi vdi loai phuong tien may mdc cd dpng nang Idn thi vat lieu ma sat lien kit 
bang kim loai che tao theo phuang phap luyen kim bdt (LKB) dugc sir dyng thay cho vat lieu 
ma sat lien ket bang nhua bun ca do cd kha nang bin nhiet cao hon. Doi vdi phuang tien may 
mdc cd dpng nang rat Idn, vat lieu ma sat thieu kit nin kim loai cd b l sung thanh phin gdm 
da dugc phat trien de dap img yeu ciu lam viec trong dilu kien van tie nhanh, tai trgng nang. 

Tai Vien Khoa hpc vat lieu da nghien cuu thanh cdng cdng n^he cbl tao vat lieu ma 
sat t l hgp kim loai - gdm bang ky thuat LKB va ung dyng vat lieu che tao gule ham diu may 
D19E cho nganh dudng sit Viet Nam. 

Qua trinh che tao vat lieu ma sat bang phuong phap LKB dugc tiln hanh theo trinh tu 
cac budc: nghien -^ trgn -^ ep dinh hinh -^ thieu kit. Trong dd, bdt Fe va bdt Cu sau khi 
nghien min dugc trdn deu vdi thanh phan bdi tron rin va thanh phin mai trong may trdn. Tilp 
theo, hdn hgp bgt dugc ep tao hinh tren may ep thuy luc. Qua trinh thieu kit dugc thuc hien 
trong Id thieu ket ddt bang thanh graphit vdi mdi trudng bao ve la khi nita. 

Nguyen vat lieu cho viec che tao gdm: bpt sit hoan nguyen kich tbudc 125pm, bpt 
ddng dien phan ed dp hat dudi 50 pm; graphit ty nhien cd ca hat tir 100 din 200 pm. He gIm 
dupe lya chpn dua vao vat lieu gdm ed silicat sit va cacbit silic. Trong dd, silicat sit cd thanh 
phan khoang vat chu ylu la fayalite (2FeO.Si02), nhiet dp ndng chay tir 1180 din 1200°C, dp 
cimg tir 6,5-7 mobs. Cacbit silic (SiC) d dang mau xanh cd kich tbudc hat tir 70 den 150 pm. 

Anh hudng ciia ham lugng va kich tbudc hat silicat sit din dp bin ciia vat lieu ma sat 
thieu ket nen sat cd thanh phin ca ban gIm: 9% graphit, 10% Cu, silicat sit tir 0 din 14%, 
cdn lai la sat da dugc khao sat. Khi khdng cd thanh phin silicat sit, vat lieu cd dp bin nen va 
kha nang ben ndng la cao nhat. Dieu nay dugc ly giai la do lien kit kim loai - kim loai trong 
vat ligu nhieu hon, lam cho vat lieu cd do bin Idn hon. Kit qua cdn cho thiy, vat lieu ma sat 
chiia thanh phan silicat sat dugc dua vao dudi dang bdt min cd dp bin ndng thip, do cac hat 
gdm ty dam va bam nhieu tren bien gidi hat kim loai. Khi gdm dugc dua vao dudi dang hat 
thd cd kich tbudc tir 150-300pm, vat lieu se cd do bin ndng cao do bien gidi kim loai - kim 
loai khdng bi bam nhieu tap chat. Dieu nay dugc thay rd ban qua anh ciu triic ciia hai miu vat 
lieu tai hinh la va lb. Anh vdi do phdng dai 1000 lan cho thiy, dii vdi mau vat lieu chua 
silicat sat d dang bpt, bien §idi ciia cac hat sit thudng cd cac hat gIm khu tni. Trong khi dd, 
ddi vdi mau vat lieu chira gdm d dang hat thi bien gidi cac hat sit sach ban va da cd thi quan 
sat thay Cu tai bien gidi hat. Tir do cho phep nit ra kit luan: silicat sit phai dugc dua vao vat 
lieu dudi dang hat thd tir 150 din 300pm. 

Da nghien ciin anh hudng ciia cacbit silic din dp bin ciia vat lieu. Cacbit silic dugc 
phan tan min trong pha nin (Fe-Cu) dudi dang cac hat cd kich tbudc tir 3-10 pm. Kit qua cho 
thay, vdi ham lugng dua vao pha nen tir 0-6%, cacbit silic khdng anh hudng nhilu din dp bin 
nen va dp ben ndng cua vat lieu. Anh t l chuc tl vi ciia vat lieu chua 5% SiC va 1 Wo silicat sit 
(dang hat tir 150 den 300 pm) tren hinh Ic chung td, SiC dugc phan tan min trong pha nin vdi 
kich tbudc hat dudi 10 pm. 

Anh hudng ciia silicat sat va SiC len tuli thp cua gudc ham chi tao bing vat lieu ma 
sat thieu ket ed bd sung thanh phin gIm dugc trinh bay tren hinh 2. Gulc ham dugc chi tao 
tir vat lieu ma sat gdm 9% graphit -̂  8% Cu + bdt sit kim loai, dugc bd sung 11% silicat sit 
hoac 11% silicat sat -H5% SiC. Tuli thg cua gudc ham dugc tfnh theo s l kilomet tau chay kl 
tu khi lap gudc ham mdi din khi mdn phai thay ra theo qui trinh bao dudng tau. 
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Hinh I: Cdu true vdt liiu ma sdt thiiu kit ed bd sung gdm; HVQH; khdng Idm thuc 
a- silicat sdt dugc bd sung dudi dang bdt min; b- siliegt sdl dugc bd sung dudi dgng hgt 

c- 11% siliegt sdt dugc dudi dgng hgt, 5% SiC dugc phdn tdn min trong nin sdl 

Tir hinh 2 thay rang, so vdi gudc ham che tao bang vat lieu ma sat khdng bd sung 
gdm, gudc ham che tao bang vat lieu bd sung 11% silicat sat cd tudi thp cao ban gap 24 lan. 
Sy chenh lech rat Idn nay dugc cho la do ban than cac hat silicat sat da chay long va dinh bam 
chat vao nen kim loai trong qua trinh thieu ket, tao thanh vat lieu td hgp ma pha cimg la cac 
hat gdm cdn pha nen mem la kim loai. Khi bd sung them 5% SiC vao thanh phin vat lieu, tuli 
thp gudc ham dat 44000 km so vdi 24000 km cua gudc ham khdng bd sung SiC. Dilu nay cd 
the dugc ly giai la do ban than cac hat SiC ddng vai trd nhu nhimg hat cimg phan tan min 
trong pha nen tao cho vat lieu it bi mai mdn. 

SiC 
Mang ma sat 
(graphit, oxit 
sat, SIO,, Cu..) 

a) 

0%g6m 11%silicatsit 11% silicat sat-f 5% SiC b) 

Mang ma sat day tir 10 - 50 pm 

Hinh 2: Anh huang cua thdnh phdn vd ^ " ^ ^" «" '^^ ^'"^ ""^uyen ly hinh thdnh mdng ma 
hdm luang gdm trong vdt liiu din tudi "^' ^^' ^^ '""^ f ^ trong thdnh phdn vdt lieu 

tho cua gudc hdm trin thuc li *" ̂ "^ ^^.^^ ' ^ '"-^"^ '"^ ^^' ^'"^ '^anh 
trin bi mgt gudc hdm sau khi su dung. 
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Qua thir nghiem cdn nhan thay, khi dugc bd sung SiC, tren be mat gudc ham rat de tao 
ra ldp mang ma sat, nguyen ly hinh thanh ldp mang nay dugc trinh bay tren hinh 3a. Do cac 
hat SiC dugc nen (Fe-Cu) giir chat, nen banh xe se trugt tren vd van cac "try" SiC ma khdng 
lam mai mdn tiep gudc ham. Mat khac, san pham mai mdn cua cac thanh phan '̂at lieu mem 
hon nhu: graphit, Fe, silicat va Cu se dugc giir lai giira cac "try" SiC, tao thanh ldp mang ma 
sat day tir 10 den 50 pm. Khi da hinh thanh, chfnh ldp mang nay se giup dn dinh he sd ma sat 
va lam giam dang ke su mai mdn ciia gudc ham. Hinh 3b la anh SEM chyp ldp mang ma sat 
hinh thanh tren be mat gudc ham trong qua trinh sir dyng doi vdi vat lieu cd bd sung SiC. 
Thanh phan chii yeu ciia mang ma sat theo ket qua phan tich bing phd EDS la cacbon 
(graphit), oxit sat, Si02 va Cu. 

1.2. Nghien cu-u cong nghe lien ket vgt lieu ma sdt thieu kit v&i di thep vd img dung 

Trong thyc te, viec ung dyng vat lieu ma sat thieu ket ddi hdi phai sd hiin cdng nghe 
lien ket vat lieu ma sat vdi de phanh. Tren the gidi, hau bet vat lieu ma sat thieu ket diu dugc 
lien ket vdi de phanh (de thep) bang phuong phap han ddng mat phang (copper brazing). 
Chiing tdi da ty nghien cuu va phat trien thanh cdng cdng nghe ban vat lieu ma sat thieu ket 
vdi de thep, he thiet bi bao gdm cac co cau chfnh sau: 

- Thiet bi nung nhanh bang ddng cam ung trung tan cd cdng suat 50 kW, 
- He thdng ep thuy lyc vdi lyc ep cd the dieu chinh dugc den 150 kN 

He thdng thdi khi tra Ar. 

So do nguyen ly cua phuong phap dugc trinh bay tren hinh 4a. Trong dd, dl thep day 
3mm dugc phii ldp hgp kim ddng cd chieu day tdi thieu la 20 pm (hinh 5a). Miing vat lieu 
ma sat dugc mai phang va danh bdng be mat ban (hinh 5b). De thep va mieng vat lieu ma sat 
dugc dinh vi (hinh 4b) va dat vao trong vdng cam ung. He thdng ep thuy luc se duy tri trong 
sudt qua trinh ban mpt luc ep P len be mat tiep xiic giira mieng vat lieu ma sat va de thep 
thdng qua chay ep tren. Vdng cam img trung tan dugc thiet ke sao cho chi nung ndng chpn loc 
phan ban ma khdng nung ndng cac phan cdn lai ciia vat lieu. Nhiet dp be mat han dugc nang 
tdi 1050*^0, thdi gian luu giir d nhiet do 1050*^0 va ap lyc 3000 N/cm^ la 120 giay. 

Khi bao 
ve Ar 

Mieng vat 
lieu ma sat 

Chay ep tren 
(gom AI2O3) 

'Vong cam 
ling truna tan 

Be thep 

Mieng vat 
leu ma sat 

De thep 

a) 

y^frpphu hgrp kim diy 20 fim 

b) 

Htnh 4; a- Sa dd nguyin ly thiit bi hdn vdt lieu 
ma sdl thiiu kit vdi di thep 

b- Htnh dnh di thep vd miing vdt lieu ma sdt 
dugc dinh vi trudc khi nung vd ep 

Htnh 5; a- Mat cdt ngang de thep sau khi 
phu lap hgp kim ddng; HVQH 

b- Hinh dnh miing vdt lieu ma sdl sau khi 
mdi phdng bi mat hdn 
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Hinh 6 la anh td chuc mat cat ngang de thep - vat lieu ma sat sau khi ban. Tir hinh thay 
rang, de thep va vat lieu ma sat da dugc lien ket bang ldp hgp kim ding. Do bin ciia mdi lien 
ket nay Idn hon dp ben ciia vat lieu ma sat. Dieu nay dugc chirng minh tren hinh 7. khi thir 
nghiem dp ben cit giira de thep va mieng vat lieu ma sat, vi tri pha buy xay ra trong phan vat 
lieu ma sat, ma khdng xay ra tai be mat han. 

•• . , - * ''%- / I 

Lop Hop kim dong \ ^-.^ 

Hinh 6; Cdu triic mat cdt ngang di thep - vdt 
lieu mg sdt sgu khi hdn; HVQH; tdm thuc Nital 

Hinh 7; Hinh dnh thit nghiim do bin mdi 
liin kit, lap vdt lieu ma sdt bi keo dirt. 

Tren ca sd cac nghien ciin ve cdng nghe che tao vat lieu va cdng nghe lien ket vat lieu 
ma sat vdi de thep, chung tdi da ung dyng de che tao gudc ham cho dau may tau boa D19E. 
Hinh anh thir nghiem dugc trinh bay tai hinh 8. Cac ket qua theo ddi thir nghiem trong sudt 
hon 1 nam qua cho thay, gudc ham che tao theo cdng nghe do Vien Khoa hpc vat lieu phat 
trien hoan toan dap ung cac yeu cau ve kha nang phanh (phan anh he sd ma sat), dp ben ca, 
tudi thp ngay ca khi tau chay vdi van tdc cao tren tuyen van tai Bac - Nam. Chung tdi ciing 
da cung cap dugc cho nganh dudng sat hang nghin gudc ham vdi tudi thg tuong duong nhung 
gia re hon hang nhap ngoai. 

Hinh 8; Hinh dnh bdnh xe ciia ddu mdy DI9E vd qud gudc hdm (a), hinh dnh ddu mdy (b) 
vd hinh dnh gudc hdm do Viin KHVL chi tgo ldp trin ddu mdy di thu nghiim (c) 

2. Nghien cihi che tao hop kim cung he WC/Co bing cong nghe luyen kim bot tien tiln -
ep nong dang tinh (HIP) 

2.1. Gi&i thieu vephuffngphdp ep ndng dang tinh vd hop kim cung he WC/Co 

Ep ndng thugc nhdm ky thuat thieu ket vdi sy trg giiip ciia ap luc. Day la nhirng ky 
thuat tien tien trong LKB nham loai bd khuyet tat Id rdng, dua mat dp vat lieu vl nguong mat 
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dp cua vat lieu dac xit (full density). Cd hai phuang phap thudng dugc sir dyng: ep ndng trong 
khudn (hot pressing) va ep ndng dang tTnh (hot isostatic pressing- HIP). Sa d l nguyen ly ep 
ndng dang tTnh va thiet bi ep ndng dang tTnh tai Vien KHVL vdi ap lyc ep cd thi len din 2000 
at va nhiet dp nung den 2000°C dugc trinh bay tren hinh 9. 

t t t ^ 
P aen 200 MPa d 

•Buong ap lire 

.Vat lieu thieu 
ket (da hut h£t 
khong khQ 

•Bao nung (du-ac 
han kin sau khi 
hut chan khong) 

/Thanh dot 

a) b) 

Hinh 9; Sa dd nguyin ly ep ndng ddng tinh (a) vd mdy ep ndng ddng tinh tgi Viin KHVL (b) 

Hgp kim cung (HKC) he cacbit vonfram dugc che tao theo phuang phap luyen kim 
hot va dang dugc ung dyng rit rdng rai lam vat lieu cit trong nhilu nganh cdng nghiep. Ciu 
tao cua HKC bao gIm cac hat cacbit sieu ciing WC, ty phin tir 80 din ban 90% dugc dinh kit 
bdi kim loai nen, thudng la coban. Do nhiet dp ndng chay ciia WC cao ban nhilu so vdi nhiet 
dp ndng chay cua Co, nen HKC thudng dugc thieu kit d nhiet dp ma tai dd Co da chay Idng. 
Mac dii Co tham udt rat tdt len be mat cac hat WC, song van tin tai nhimg lo rong tl vi trong 
HKC, nhimg Id rong nay se la nhimg tam xuit phat vlt niirt trong qua trinh sir dyng sau nay. 
Cac nghien ciru mdi nhat ve hgp kim cung diu tap trung nang eao do ciing, do bin, dp dai va 
dp chiu mai mdn ciia hgp kim thdng qua cac con dudng nhu: lam nhd min hat WC din kich 
tbudc vai tram nanomet hoac loai bd khuylt tat Id rdng, tang dp dai cho hgp kim bing phuang 
phap thieu kit chan khdng - ep ndng ding tTnh bl sung (sinter - plus HIP) [3]. 

Trong phin nay, mpt so ket qua nghien ciin budc diu tai Vien KHVL trong viec xac 
dinh anh hudng cua ep ndng dang tTnh din tfnh chit cua HKC dugc trinh bay va ban luan. 

2.2. Kit qud thuc nghiem 

Bpt WC cd kfch tbudc tir 4 din 10 pm dugc nghiin trgn vdi bpt Co kim loai cd kfch 
tbudc tu 1 den 3 pm trong may nghiin bi. Ty le WC: Co dugc tfnh toan trudc dl dat thanh 
phin hgp kim WC-8%Co va WC-10%Co. Thdi gian nghiin la 48 gid, trudc khi nghiin 2% 
parafin dugc cho vao may nghien de ho trg qua trinh ep. Tilp theo, hon hgp nghiin dugc siy 
khd trong chan khdng va ray tao hat trudc khi ep. Mau ep 6x6x30 mm dugc thieu kit so bg 1 
gid trong moi trudng H2, sau dd dugc thieu kit trong thilt bi ep ndng ding tTnh. Cac mau sau 
khi thieu ket dugc mai bdng be mat, xac dinh mat dp va do dp bin udn theo tieu chuin 
ASTM. Dp cung Hv dugc do tren mau 6x6x5 mm, bl mat do dugc mai bdng bing bpt kim 
cuong, kich tbudc vet ldm va chieu dai cac vlt nut xuit hien tai cac gdc ciia vlt ldm hinh 
chdp dugc do tren kinh hiin vi quang hpc. Dudng cong tir boa dugc do tren mau cd kich 
tbudc 2x2x2 mm cat ra tir viing vat lieu d tam va d canh ciia mau khii. Kich tbudc hat va dac 
diem cau true ciia hgp kim dugc quan sat va chyp anh tren SEM. 
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Anh hucmg eug ep ndng ddng linh den ca linh cua hgp kim 

Bang 1 la thanh phan va mpt sd thdng sd ca tinh ciia cac mau thieu kit vdi cac che dp 
ep ndng dang tinh khac nhau . Ngoai dp cung H\' \'a dp ben udn dugc xac dinh theo tieu 
chuan ASTM, dp dai ciia hgp kim dugc tfnh theo phuong phap Palmq\'ist [4]. 

Kic = 0,0889(H.P./L)'" [MPa.m'"] 

Trong dd'. H la do cimg HV30; P la tai trpng do dp ciing; L la tdng chieu dai cac \ et nirt 
xuat hien tai cac canh ciia vet ldm. 

Bang 1; Thdnh phdn. chi do thiiu kit vd tinh chdt ea cua mdu nghien ciru 

Mdu 

Ml 

M2 

M3 

M4 

Thdnh phdn 
hgp kim 

WC-10%Co 

WC-8%Co 

WC-8%Co 

WC-10%Co 

Chi dd thieu kit 

- 1,5 hUOO'^C; chan khdng 

- 1 hl400"C; chan khdng 

-0 .5h 1400'^C;P = 5atm 

- 1 h 1400°C; chan khdng 

-0 ,5hl400"C;P = 50atm 

- 1 h 1400°C; chan khdng 

-0 .5h 1400''C;P = 500atm 

Mgt do 
(kgdm^) 

14.68 

14.75 

14.78 

14.70 

Dd cirng 
Hvso ̂  

(kgfmm') 

1293 

1 J J J 

1335 

1295 

Do ben 
udn 

(MPo) 

187.5 

198.3 

203.6 

227.0 

Do dgi 
(MPa.m'-) 

14.9 

16.0 

16.8 

19.1 

Tir bang 1 thay rang, ddi \di cac mau cd ciing thanh phan Co. khi tang ap lyc ep ndng 
dang tTnh, dp ben udn va dp dai tang, trong khi mat dp \'a dp cimg tang khdng dang ke. Cy 
the. so sanh cap mau cd ciing thanh phan Co Ml \'di M4 thay rang, dp ben udn tang 21%. dp 
dai tang 28% khi tang ap lyc ep ndng dang tTnh len 500 lan. tir 0 len 500 atm. 0 cap mau M2 
va M3, khi tang ap luc ep ndng dang tinh len 10 lan. tir 5 at len 50 atm. dp bin udn \'a dp dai 
tang khdng dang ke \'di gia tri tuyet ddi tuong irng la 2.6% va 5%. Mac dii theo thanh phin 
Co. hgp kim WC-8%Co phai cd dp dai thap hon hgp kim WC-10%Co. Tuy nhien do anh 
hudng ciia ep ndng dang tinh, nen dp dai ciia mau M2 \'a M3 \'an cao hon ciia mau Ml tuang 
img la 7.8 va 12.7%. Nhu vay cd the ket luan rang, dp dai ciia HKC he WC/Co tang X\ le 
thuan \'di ap lyc ep ndng dang tTnh. Hinh anh \'et nirt ciia mau Ml \'a M4 tren hinh 10 cho 
thay, chieu dai cac vet nirt ciia mau M4 (ap lyc 500 atm) ngan hon nhieu so \'di chilu dai cac 
vet mit cua mau Ml khi khdng ep ndng dang tTnh. 

Hinh 10; Htnh anh vet ldm vd cdc vet nirt cua mdu MI vd M4; HVQH 
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Anh hudng cita ep ndng ddng linh din phdn bd cita coban vd kich thuac hgt WC 

Vi Co la kim loai sat tir, nen tir dp bao hoa ciia mau hgp kim WC/Co phan anh ham lugng 
Co cd trong mau. Dudng cong tir hoa ddi vdi viing vat lieu d tam va viing vat lieu d canh cua 
4 mau nghien ciru dugc trinh tren hinh 11. 
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Hinh II; Dudng cong M(H) ddi vdi viing a ldm vd cgnh cita cdc mdu MI, M2, M3 vd M4 

Cac dudng cong tir boa cho thay. ddi vdi mau Ml khdng qua xir ly bing ep ndng ding 
tinh, dudng cong tir boa ciia mau dai dien cho viing vat lieu d tam va viing vat lieu d canh 
mau gan nhu triing nhau. Dieu nay chung td, khong cd su khac biet trong phan bd ciia Co 
giira viing vat lieu d tam va viing vat lieu d ria mau. Khi tang ap lyc len 5 atm va 50 atm, 
dudng cong tir hoa ciia cac mau M2 va M3 ddi vdi viing vat lieu d tam va viing vat lieu d 
canh mau da cd sy khac biet nhung khdng nhieu. Tuy nhien, khi ap lyc ep tang len 500 atm 
(mau M4), dudng cong tir boa ciia viing vat lieu d tam va viing vat lieu d canh da cd sy khac 
biet rat Idn. Tir dp bao hoa ciia viing vat lieu d tam (Ms'̂ "̂  = 14,7 emu/g) cao ban nhilu so vdi 
tir dp bao hoa ciia viing vat lieu d canh (Mj"̂ "̂'̂  = 6,0 emu/g). Nhu vay cd thi kit luan, dii vdi 
mau M4, ham lugng Co d tam mau Idn hon ham lugng Co d canh mau. Dieu nay cdn dugc 
khang dinh qua anh SEM chyp vimg tam mau va canh miu M4 tren hinh 12. 

PPinh 12; Anh SEM (tdn xg ngugc) cua viing cgnh vd viing tdm mdu M4 (mdu den la Co) 
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Nguyen nhan dan den hien tugng neu tren cd the la do ap lyc ep da diy coban Idng vao 
trong tam mau trong qua trinh ep ndng dang tTnh. Chfnh dieu nay ciing lam cho cac hat WC 
trong viing tam mau dugc each ly bdi Co Idng, khdng tiep xiic vdi nhau, lam ngan can qua trinh 
thd hoa hat WC. Vi vay, tren hinh 12 cdn thay, kich tbudc hat WC tai 'vimg tam nhd min ban so 
vdi kich tbudc hat WC tai viing ria canh mau. Anh SEM cua eae mau hgp kim edn cho thay, ep 
ndng dang tTnh loai bd hoan toan khuyet tan Id rdng tao ra trong qua trinh thieu ket. 

Tdm lai, ep ndng dang tTnh se lam tang dp ben udn va dp dai ciia hgp kim cimg he 
WC/Co. Tai gia tri ap luc la 500 atm, khuyet tat lo rdng trong hgp kim dugc loai bd hoan 
toan. Tuy nhien, viing vat lieu d tam se chira nhieu Co hon vimg canh ria mau va kich tbudc 
hat WC tai -viing tam ciing nhd hon tai viing canh. 

3. Nghien cun che tao thep chua cac hat vo cff phan tan mjn (ODS- steel) bang ky thuat 
hop kim hoa co hoc va ep nong 

Phuong phap hgp kim boa co hpc (mechanical alloying - MA) dirge phat minh trong 
phdng thi nghiem nam 1968. Ke tir dd den nay, phuang phap nay da phat irien manh va dugc 
img dung de che tao nhieu loai vat lieu vdi tinh nang dac biet ma nhung phuang phap che tao 
thdng thudng khdng the dap ung dugc. Ky thuat MA cho phep tao ra dugc cac loai hgp kim 
giira cac cau tir khdng boa tan lan nhau bang each nghien ca nang lugng cao, tao ra su phan 
tan sieu min ciia chat nay trong chat kia. Trong dd, thep crdm dugc hoa ben bang cac hat dxit 
phan tan min (oxide dispersion strengthened ODS-steel) dang dugc nhieu phdng thi nghiem 
quan tam. Hudng nghien ciin nay dugc bat dau trien khai tai Vien KHVL dudi dang de tai 
KHCN eip Vien KH&CN Viet Nam giai doan 2009-2010. Dudi day la mdt s l kit qua ban 
dau cua de tai. 

Anh hudng ciia thdi gian nghiin din kich thuac bdt sau nghiin 

Bpt thep SUS 410 va Y2O3 dugc nghien rieng biet, sau dd dugc nghien chung trong 
may nghien hanh tinh QM-2SP12-CL de tao ra su phan tan sieu min ciia oxit Y2O3 trong thep 
nen cd thanh phan 13%Cr. Ket qua khao sat sy phy thupc ciia kich tbudc bpt sau nghiin 
(thep+ 1%Y203) den thdi gian nghien dugc trinh bay tren hinh 13. 
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Hinh 13; Anh SEM mdu bdt nghiin 30 h (a), 70 h (b) 
vd sitphu thuoc cua kich thuac hgt vdo thdi gian nghien (c) 

Tir hinh thay rang, doi vai he may nghien sir dung cho thi nghiem, kfch tbudc hat dat 
khoang 100 nm khi thdi gian nghien la 70 gid. Vugt qua thdi gian nay, kfch thude hat lai cd 
xu hudng tang len do hieu ung ciia qua trinh tu dam. 
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Ep ndng tgo khdi vdt lieu sau nghiin vdphdn bd cita dxd Ytrium trong mdu khdi 

D I cbl tao vat lieu khdi tir hdn hgp bpt nghien, de tai da sir dyng hai cdng nghe thieu ket 
la ep ndng trong khudn va ep ndng dang tTnh. Phd EDX che dp mapping da dugc sir dyng de 
khao sat sy phan bd cua dxit Ytrium trong vat lieu sau khi tao khdi. Ket qua tren hinh 14 cho 
thay, ddi vdi mau tdng hgp tir bdt nghien 70 h, Y2O3 da phan tan min trong nen thep. Trong khi 
doi vdi mau tdng hgp tir bgt nghien 30 gid, dxit Y2O3 van cd kfch thude tir 1 den 3 pm. 

Hinh 14; Anh SEM-EDX chi dd mapping theo nguyin td Ytrium; 
mdu khdi chi tgo tit bdt nghiin 30 h (g) vd tir bdt nghiin 70 h (b) 

Tir cac ket qua nghien eiin ban dau cd the khang dinh, hudng cdng nghe cua de tai la kha 
thi trong dieu kien trang thiet bi hien cd tai Vien KHVL. Cac mau vat lieu khdi tao tir hot 
nghien 70 h da dat dugc sy phan tan min ciia dxit Ytrium trong nen thep. 

III. KET LUAN 

Chiing tdi da sir dung 3 loai ky thuat trong cdng nghe luyen kim bgt de che tao mpt sd 
vat lieu kim loai cd tinh nang dac biet. Trong dd, vat lieu ma sat td hgp kim loai - gdm dugc 
che tao bang ky thuat luyen kim hot truyen thdng. Da phat trien dugc thanh phan vat lieu va 
cdng nghe che tao rieng biet ddi vdi vat lieu ma sat thieu ket dinh hudng iing dyng lam gudc 
phanh cho tau hoa. Da ung dyng cac ket qua nghien cuu de che tao gudc ham cho dau may 
D19E vdi tfnh chat ma sat dat yeu cau ciia nganh dudng sat. Tudi thp gudc ham do Vien Khoa 
hpc vat lieu che tao dat tdi 44.000 km/lan thay. 

Da sir dyng phuang phap ep ndng dang tTnh bd sung de nang cao ca tfnh cua hgp kim 
Cling he WC/Co. C) che dp ep ndng dang tTnh: ap luc ep 500 atm, thdi gian ep 30 phiit, nhiet 
dp ep la 1400°C, dp ben udn va dp dai ciia hgp kim WC-10%Co tang 21 va 28% so vdi hgp 
kim khdng qua xir ly bang ep ndng dang tTnh. Da phat hien ra hien tugng Co bi ddn vao tam 
vat ep khi ep ndng dang tTnh d ap luc cao, lam cho vimg tam mau giau Co va viing ria canh 
mau ngheo Co hon. 

Da sir dyng phuong phap hgp kim boa ca hpc ket hgp vdi ep ndng de che tao thep 
crdm hoa ben bang cac hat dxit phan tan min. Da xac dinh dugc thdi gian nghien can thiet de 
dxit Ytrium phan tan min trong mau khdi sau khi ep ndng la 70 gid. 

Loi cam on 

Cac tac gia xin chan thanh cam on GS.VS. Nguyen Van Hieu, Hgi ddng Khoa hpc 
nganh khoa hpc vat lieu, Lanh dao va cac phdng true thupc Vien KHVL da iing hp, giiip dd 
chiing tdi thue hien cac nghien cihi va trien khai iing dyng trong ITnh -vuc vat lieu kim loai. 
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