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TONG HOP VAT LIEU Fe-Cu-Al BANG PHUONG PHAP HOP KIM HOA CO HQC

TOM TAT

Hd Ky Thanh"", Nguyén Ding Thiy’

Trwong Pai hoc K3 thudt Cong nghiép - PH Thdi Nguyén,

2Tru"0"ng Pai hoc Bach Khoa Ha Nji

Bai bao nay trinh bay mot s6 két qua nghién ctru tong hop hé vét liéu Fe-Cu-Al véi muc dich ing
dung trong ché tao bac 16t chiu tai trong 16n bang phwong phap hop kim hoa co hoc. Két qua phan
tich nhiéu xa tia X hdn hop cho thay, dung dich ran Cu-Al da dugc hinh thanh trong qua trinh hop
kim hoa. V6i ap luc ¢p trong pham vi 312+390 MPa, nhiét d6 thiéu két trong khoang 850+950°C
va thoi gian thleu két trong 1,0 gio thi cac mau vat liéu nhan dugc co tong do xbp trong khoang
20+27%. Bo xop ciia cac mau vat liéu giam khi ap luc ép va nhiét do thiéu két tang. Ti 1¢ 10 xop
hé ctia hau hét cac miu dat trén 80%. Do clmg ctia mau vat liéu nhan dugc trong pham vi tir 47
dén 63,4 HRB va tang khi thoi gian hop kim hoéa co hoc ting. H¢ vat liéu Fe-Cu-Al hita hen s€ dép
ung tdt cac yéu cau d6i voi vat liéu lam bac 16t chiu tai trong lon.

Tir khoa: vdt lidu 6 truot; hop kim hoa co hoc,; dung dich ran; luyén kim bot, xép; do cung.

PAT VAN PE

Vit liéu trén co s dong (Cu-base) duoc biét
dén 1a vat lidu co ban dé ché tao cac loai bac
16t do chiing ¢ co tinh twong ddi cao, hé sb
ma sat trugt khi lam viéc véi cac truc thép
tuong ddi nho (trong khoang 0,2 — 0,3) [1], co
kha nang ty bodi tron va co thé tao dugc do
x6p phu hop dé ngam dau boi tron trong quéa
trinh lam viéc lau dai. Do d6, vat liéu bac 16t
trén co s déng dugc stir dung trong ca truong
hop tai trong nho va truong hop tai trong lon
[1]. Tuy nhién, trong thuc té cac bac 16t sir
dung vét liéu nay thuong co cAu tao gém hai
16p, 16p bén trong 1a vat lidu trén co sé dong
va 1a 16p vo ngoai 1a thép. Do vy, viéc ché
tao cac bac 16t dang nay 1a tuong ddi phirc tap
va dat do, dac biét 1a trong truong hop chiu
tai trong 16n. Do d6 trong thoi gian gan déy,
trén thé gioi da c6 mot sd cong trinh nghién
ctru ché tao cac loai vat liéu méi trén co s6
nén thép ung dung lam cac bac 16t chiu tai
trong cao, chiang han hé Fe-Cu-C, Fe-Cu-Al,
Fe-Cu-Al-MoS,,... [2-5]. Cac vat liéu moi
nay dam bao bac 16t dugc ché tao 1a mot khbi
duy nhit [2,3,5]. Dung dich rin Cu-Al c6 do
cung va do bén cao, chiu mai mon tét, ma sat
v6i thép nho. Su xuét hién cua dung dich rin
Cu-Al trong nén Fe s& gitp vat liu nhén
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duoc c6 hé sb ma sat véi thép nho, dong vai
tro 12 nhan t6 gia ¢ dé nang cao d6 bén va cai
thién do ctng cua vat liéu nén Fe... [6-9].

Bai b4o nay s& trinh bay mot s6 nghién ctru vé
tong hop hé vat liéu Fe-Cu-Al bang phuong
phap hop kim hoa co hoc va mot sé két qua
danh gia vé tong d6 xbp, kha niang thim dau,
dd clrng cua vat li€u nay.

KY THUAT THUC NGHIEM

Pé tao vat liéu bac 16t, ti 1& gitra cac loai bot
Fe:Cu:Al duoc lgya chon tuong uUng la
0,6:0,35:0,05 tinh theo trong lugng. Trudc
tién cac loai bot thwong mai Cu (99,97%) va
Al (99,2%) duoc phdi tron theo ti 1 27gr Cu :
6gr Al va dugc hgp kim hoda co hoc trong
khoang tir Oh dén 8h bang may nghién canh
khudy ding trong méi trudng bao vé 1a khi
Ar. Tang nghién bang thép dugc lam mat
bang nudc tuan hoan. Bi nghién bang thép toi
cung c¢6 duong kinh tir 8+10mm, ti 1€ bi : bot
duoc lya chon 1a 10 : 1. Sau d6, hon hgp bot
Cu-Al duoc phdi tron thém bot thuong mai Fe
(99,9%) vai ti 1€ 2 (Cu-Al) : 3 (Fe) va duoc
tron dong déu hoa thanh phan bang may
nghién bi dang tang tréng. Tiép d6, hdn hop
bot Fe-Cu-Al duoc ép thanh cac mau hinh tru
¢6 duong kinh d = 16 mm va chiéu cao h =15
mm bang may ép thiuy luc STENHGJ véi ap
luc ép trong pham vi tr 234 MPa dén 390
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MPa. Tiép d6, ciac mau ép dugc thidu két
trong 10 dién tré Linn 1300 & cac nhiét do
850°C, 900°C va 950°C trong cung khoang
thoi gian 1a 1,0 gio ddi véi tat ca cac mau.
Trong qua trinh thuc nghiém, phuong phap
nhiéu xa tia X duoc st dung dé danh gia qua
trinh hop kim héa co hoc gitta Cu va Al. o
x6p tong ciia miu duoc xac dinh bang
phuong phap Ac-si-mét, ti 1& 15 xdp hé duoc
xac dinh bang cach ngdm mau trong nudc va
so sanh véi mau khi kho, thiét bi dugc si
dung la can dién tir Scientech c6 d¢ chinh xac
dén 10°° gam. Mt cit ciia miu vat liéu nhan
dugc sau khi thiéu két duge xac dinh bang
phuong phap SEM trén kinh hién vi dién tir
quét Tescan. PO cung ciia mau dugc xac dinh
bang may do do cing Duramin Struers, sir
dung thang do HRB.

KET QUA VA BAN LUAN

Phé nhiéu xa tia X ctia hdn hop bdt sau khi
hop kim héa co hoc va nghién tron dong
déu thanh phén

Két qua phan tich nhidu xa tia X trén hinh 1
cho thiy, sau khi hgp kim héa mot khoang
thoi gian x4c dinh, cudong dd cta cac peak Cu

va Al giam, thdm chi mot vai peak bi bién
mét khi ting thoi gian nghién. Tir d6 c6 thé
két luan 1a qua trinh hop kim héa di xay ra
trong qué trinh nghién. Sau 4h nghién, bat dau
co su chéng 1én nhau cua hai peak manh nhét.
Diéu nay cho thay su di chuyén ciia cac peak
Al boi vi Fe khong lién quan dén qué trinh
hop kim héa co hoc do d6 cac peak cua Fe
van giira nguyén vi tri. Diéu nay phu hop voi
cac két qua cong bd trude diy vé kha ning
hinh thanh dung dich rin Cu(Al) bang
phuong phap hop kim hoéa co hoc [6]. Dé
dang nhan thiy co sy thay ddi nhat dinh cua
cac peak Cu-Al. R rang, c6 mot peak Al thay
ddi vi tri. Hién tuong nay co thé duoc giai
thich do nhan dugc nang lugng cao tr qua
trinh nghién hop kim hoa, cac nguyén tir Al
da khuéch tan vao trong nén Cu dé tao nén
dung dich ran B-Cu(Al). Pha mdi nay sé co
tac dung hoa bén cac mau, giup cho chung co
d6 cing cao hon. Ngoai ra, ¢6 thé dé dang
nhan thiy ring cac peak Fe khong thay dbi
giita cac mau, nguyén nhan béi Fe khong bi
hop kim héa trong qua trinh nghién.
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Hinh 1. Phé nhiéu xa tia X ciia hon hop bét Fe-Cu-Al & cdc thoi gian hop kim héa khdc nhau
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Két qua xac dinh tong do xop va ti 18 16 xop
hé cuia vt liéu

Do xbp 1a thong sb quan trong cua vat li¢u
lam bac 16t. Cac 16 x6p dong vai tro nhu cac
vi tri chira dau boi tron, trong qua trinh chiu
tai, dau tir cac 16 x6p s& dugc tiét ra trén bé
mit tiép xtic giita bac 16t va truc gitp giam hé
s6 ma sat, giam mon va ting tudi tho cia san
phém bac 16t. Két qua xac dinh tong do xbp
bang phuong phap dugce liét ké trong bang 1.

C6 thé nhan thdy, ¢ cing mot nhiét do thiéu
ket khi tang ap luc ¢p dong khéi thi tong do
xop ciia mau nhin duoc sau khi thidu két
giam. Diéu nay 1a hién nhién vi khi ting 4p
luc dong khdi, cac hat bot bi bién dang nhiéu
hon va sip xép xit chit hon, mat do khdi ép
16n hon va do d6 d6 xép ctia mau vat liéu Fe-
Cu-Al nhan dugc sé nhé hon.

Ciing tir bang 1 c6 thé nhan thdy, véi cling
mot ap luc ép, nhiét do thiéu Kkét cang cao thi
mau vat liéu Fe-Cu-Al nhan duoc co dod xép
cang giam. R3 rang 1a trong ban than khdi ép
khi thiéu két ngoai vat liéu co s nén Fe con
c6 su xuat hién ciia Cu, Al du va dung dich

ran Cu-Al. Tuong Ung v6i khoang nhiét do
thiéu két duoc Iya chon (850+-900°C) thi ban
than Cu d& bi bién mém, dung dich rin Cu-Al
va ban than Al da ¢ trén nhiét 46 nong chay vi
vay chung s& dién ddy vao cac 16 xdp sin co
gitra cac hat bot Fe ctia mau sau khi ép dong
khéi. Nhiét do thiéu két cang cao thi ngoai
viéc Al, dung dich rian Cu-Al chay long thi Cu
ciing bi bién mém, tham chi c6 kha ning chay
long mot phan vi vay do x6p cua mau nhan
dugc sau khi thiéu két giam.

Két qua xac dinh ti 1¢ 16 xdp hd cua cic miu
vat liéu (1a cac 16 xOp lién théng véi nhau)
thong qua viéc danh gia kha ndng ngdm nudce
cho théy, ti 1€ xép hé dat trén 80% d6i véi
hau hét cac mau. Vi cting mot ap lyc ép thi ti
1¢ 15 x6p lién théng cua vat lidu giam khi ting
nhiét do thiéu két va twong tu, voi cung mot
nhiét do thiéu két thi ti 18 16 xdp lién thong
cling giam khi ap luc ép dong banh ting. Didu
nay duoc giai thich twong tw nhu dbi voi tong
do Xép clia cac mau vat liéu nhan duogc sau
khi thiéu két.

Bang 1. Dj xdp tong va do cimg ciia mau vit liéu Fe-Cu-Al nhdn dwoc sau khi thiéu két twong tmg véi dp
luc ép va nhiét do thiéu ket khac nhau

Thi  Thoigianhgp  Aplwcép  Nhigt df thiéu két Toéng d9 xop D9 cirng (HRB)

tw kim héa (h) (MPa) (°C) (%)

01 0 234 850 27 48.5
02 0 390 850 23 56.0
03 0 234 950 25 52.8
04 0 390 950 27 57.0
05 4 312 900 23 57.1
06 4 312 900 24 57.2
07 4 312 900 24 53.0
08 8 234 850 26 50.0
09 8 390 850 20 63.1
10 8 234 950 27 59.0
11 8 390 950 22 60.0

VEGA3 TESCAN|

Hlnh 2. Anh SEM mat cat doc mét mau vit liéu Fe-Cu-Al sau khl thleu ket 6 900 °C voi thoi gian hop kim
hoa co hoc 8h

VEGA3 TESCAN|
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Két qua anh chup mit miu vat liéu

Hinh 2 13 mat cit doc cia mot mau vat lidu
Fe-Cu-Al dugc ép voi ap luc 312MPa va
thidu két & 850°C trong thoi gian 1.0h. C6 thé
dé dang nhan thdy cac 16 x6p c6 dang da
canh, kich thudc cac 16 x0p 16n trong khoang
100-+200pm, phan 16n chiung duoc lién thong
v6i nhau boi cac 16 xdp nho hon. Pay 1a mot
minh chiing cho cac Kkét qua xac dinh ti 1€ 16
xép hé cua vat li€u nhan duogc sau khi thiéu
két. Piéu nay hira hen vat liéu Fe-Cu-Al ¢
kha nang tham va gitr dugc dau boi tron dé tu
bdi tron trong qua trinh lam viéc.

Két qua xac dinh dd cirng cta vt liéu

Két qua xac dinh d6 cung ddi voi mdi mau
vat liéu dugc thé hién trén bang 1 13 gia tri
trung binh cua d6 cfmg do duoc tai ba diém
khac nhau tren be mat mau (hmh 3).

Hinh 3. Anh chup mau dwoc do do ciing

Tir két qua do do cimg trong bang c6 thé nhan
théy, dd climg ciia cac mau vat liéu Fe-Cu-Al
c6 xu hudng ting khi tang thoi gian hoat hoa.
Diéu nay co thé duoc giai thich boi su tao
thanh dung dich rin Cu-Al, pha nay c6 do
cing va do bén cao, trong nén Fe giup cai
thién do cing cua vat liéu nén. Két qua do do
cling cua hé vat liéu nay tuong ddi phu hop
Vi cac cong bd trude ddy vé do clng cla cac
loai vat liéu Gng dung lam bac 16t chiu tai
trong 16n.

KET LUAN

Hé vat liéu Fe-Cu-Al véi muc dich trng dung
trong ché tao bac 16t chiu tai trong lon da
dugc tong hop thanh cong bang phuong phap
hop kim hoéa co hoc. Duéi tac dung cua nang
lugng va dap tir bi trong qua trinh nghién,
dung dich rin Cu-Al d duoc hinh thanh sau
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khoang 8 gid. Cic mau vat liéu Fe-Cu-Al
nhan duoc c6 téng do xdp trong khoang
20+27% véi ap luc ép trong pham vi 312+390
MPa, nhiét d¢ thiéu két trong khoang
850+950°C va thoi gian thiéu két trong 1,0
gio thi tong d6 xbp giam khi ting ap luc ép
doéng banh va tang nhiét do thiéu két. Ti 1é cac
16 x6p lién théng ctia hau hét cac mau dat trén
80%. Tuong tu tong do xbp, khi ting ap luc
ép dong banh va tang nhiét do thiéu két thi ti
1¢ 16 x6p lién thong giam. DO cung clia mau
vat liéu dat dugc trong pham vi tir 47+63,4
HRB. H¢ vat liéu Fe-Cu-Al htrta hen s€ dap
ung tt cac yéu cAu dbi voi vat liéu 1am bac
16t chiu tai trong 16n.

LOI CAM ON

Két qua trinh bay trong bai bao 13 mot phan
nghién ctru cua de tai Khoa hoc va Cong ngh¢
cip trudng, ma sd T2016-64, tap thé tac gia
xin chan thanh cdm on truong Pai hoc Ky
thuat Cong nghiép (Pai hoc Thai Nguyén) hod
trg vé mat thii tuc, tai chinh dé thyc hién cong
trinh nay.

TAI LIEU THAM KHAO
1. S Dhanasekaran and R Gnanamoorthy (12/2004);
Development of self lubricating sintered steels for
tribological applications; International Symposium
of Research Students on Materials Science and
Engineering, Chennai, India.
2. T. Kiigiikomeroglu, G. Piirgek, O. Saray, L
Kara (10/2008); Investigation of friction and wear
behaviours of CuSn10 alloy in vacuum; J.
Achievements in Materials and Manufacturing
Engineering, Volume 30, Issue 2, pp. 172-176.
3. Yoshikiyo Tanaka, Masanori Ueyama, Takemori
Takayama (2003); Development of New Materials
for Special Oil-Impregnated Bearings; Komat’su
Technical Report, VVol. 49, No.152, pp. 1-5;
4. W.A. Glaeser (1983); Wear properties of heavy
loaded copper-base bearing alloys, J. Metals,
Metallurgical Society of Aime, pp. 1-5.
5. Trent S. Ward, Wenliang Chen, Mirko
Schoenitz, Rajesh N. Dave, Edward L. Dreizin
(2005); A study of mechanical alloying processes
using reactive milling and discrete element
modeling; Acta Materialia 53, pp. 2909-2918.
6. C. Suryanarayana (2001); Mechanical alloying
and milling; Progress in Materials Science 46, pp.
1-184.



Ho Ky Thanh va Dtg

Tap chi KHOA HQC & CONG NGHE

176(16): 55 - 59

7. Tianmin Shao, Xiankun Cao, Eric Fleury, Do-
Hyang Kim, Meng Hua, Dao Se (2004);
Tribological behavior of plasma sprayed Al-Cu—
Fe+Sn quasicrystalline composite coatings; J.
Non-Crystalline Solids 334&335, pp. 466-470.

8. Jean-Marie Dubois (2000); New prospects from
potential  applications of  quasicrystalline
materials; Materials Science and Engineering
294-296, pp. 4-9.

SUMMARY

9. Yuji Enomoto and Takashi Yamamoto (1998);
New materials in automotive tribology; Tribology
Letters 5, pp. 13-24.

10. Yong-Suk KimU, Yong-Hwan Kim (1998);
Sliding wear behavior of FezAl based alloys;
Materials Science and Engineering A258, pp.
319-324.

FABRICATION OF THE Fe-Cu-Al ALLOY BY MECHANICAL ALLOYING

Ho Ky Thanh'", Nguyen Dang Thuy?®"
YUniversity of Technology - TNU
2 Hanoi University of Science and Technology

This paper presents some results from synthesizing the Fe-Cu-Al alloy system to apply in high
load bearings by mechanical alloying. XRD pattern results showed that solid solution Cu-Al was
formed during milling. Most material samples had total porosity in range of 20+27% when the
compress pressure in range of 312+390 MPa, the sintering temperature in range of 850+950°C and
sintering time in 1.0 hour. The total porosity decreased when compress pressure and sintering
temperature increased. Most samples had open-pore ratio higher than 80%. The hardness of
samples were in range of 47+63.4HRB and increasing when milling time increased. The Fe-Cu-Al
alloy system promise to satisfy the demand of high load bearing materials.
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