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Tren al sd van dung iy thuyet spinodal. si dung nhiiu phUdng phap phdn tich vd xde dinh ca 
Unh, cac tdc gid bai bdo da n^iin cUu sU thay dSitorhOc cua hap ldm Cu-ISNi-SSn trong qua trinh 
'"y'^lft-Cdctdcgidddchangminhsiicdmatcuatochiicspinodaliammngbenmanhmichonen 
'^ ^d xuA hien cua phay CO do Cling th^ ldm tang Hnh boi tran cho hdp kim, til do tim ra quy trinh 
xHlyMchhdp dehap kim, ddp dngyeu cdu vdtliiu Um otruc tdi trgng nang: Nunghdp kim dSBifC 
trong 3h, Idm ngudi nhanh trong nUdc, sau da hoa gid d 350- 450'C trong 2h. 

Ttt khoa; Spinodal, dong dan hoi, al tinh, xil ly nhiet 

ABSTRACT 

'><^«"Vi'uMdeampositionlheoryusingmriomam,idimlanddaennim,lUmitfpwpert^ 
methods, the authors ofthe article studied the changes in the microstructure and hardness ofthe 
alloy Cu-JSM-gSn during heat treatment The authors have demonstrated that the stron^y increase of 
strength the of solid solution matrix may take place via spinodal mechanism. The presence of y phase 
«ith lower hardness during aging increases the lubrimtion of aUoy The authors suggested the heat 
treatment for aUoy to meet requirment as bearing heavy loads materidU Heating the alloy at 8S0-C in 
3h, quenching then aging at 350 - 45a'>C in 2 hours. 
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NGHIEN CU'U - TRAO D 6 1 

l.GI(3l THIEU 

Vdi rat nhieu flu dilm vi dp dan nhiet, 
kha nang ehdng an mdn, dp bin, dd dIo, tinh 
bdi trdn, chdng ma sat tdt, hpp kim ddng thfldng 
dflpc sfl dung trong nhieu thiet bi di lam bac lot, 
cdc xoay... Tuy nhien, bac Idt bang hpp kim ddng 
thdng thfldng khi ldm viec trong dilu kien tai 
trpng nang, ehiu mai mdn, an mdn vd bdi trOn 
kem (nhfl ehi tilt cde xoay trong may khoan 
md), lam vile sau m$t thdi gian ngan tiifldng bi 
hfl hdng, phai thay thl. Cdc chi tilt nay thfldng 
dflpe nhap khiu vdi gid thanh rat dat hoac san 
xuat trong nflde nhflng chat Iflpng khdng dflpc 
dam bao. 

Vi v4y, nghiin cflu die tao cac loai hpp 
kim ddng cd co tinh tdt, dp bin, kha nang bdi 
tron chiu an mdn, mdi mdn eao de ehl bac Idt 
chiu tdi trpng nang la rdt can thilt. 

Mpt trong nhflng yen cau quan trpng eua 
hpp kim bac true ldm vi?e tdi trpng ldn Id phdi 
cd td ehfle. bao gdm: Cdc pha cd dd ben, dp cflng 
cao de ch;u tdi, xen ke vdi pha ed dp cflng thap, 
cd thl mdn di trong qud trinh lam vi|e de thdnh 
dilm chfla ddu bdi tron. 

Cdc tdc gia bdi bdo tiln hdnh nghiin cflu 
h$ hpp kim ddng hpp kim hda bdi 15%Ni vd 8% 
Sn, xfl ly nhiet di hpp kim cd tinh nang thda 
man cdc yeu cau dd. Co sd eua qua trinh tao hpp 
kim ddng dd bin cao ldm vile trong dieu ki|n 
tdi trpng nang Id flng dpng he qua cua phdn hda 
spinodal va chuyin pha trong he hpp kim khi xfl 
If nhi?t. 

Phan hda Spinodal Id mpt ca che ma d dd 
mOt dung dich ran ddng nhdt cua hai hay nhilu 
cdu tfl trong nhflng dieu ki^n nhdt dinh bi phan 
hoa thanh eae vflng nhd, cd cung cau true nhfl 
pha me nhflng khde ve thdnh phan hda hoc va co 
tinh. 

Khdc vdi chuyen pha cd diln, ehuylf' 
biln spinodal xay ra dong thdi va dong nhat trio; 
toan khoi vat Ueu, khdng chi tai edc vi tri chuyen 
pha rieng bilt. Cdu tnic spinodal nhd, min. D6 
nhd min cua edu true spinodal dflpc dac trflng 
bdi khodng cdch gifla eac vung cd thdnh phan 
xac dinh, kich thfldc khoang 50-1000A°. Nhd 
to ehfle hit sflc nhd min vd phan bd ddng deu, 
chuyen biln spinodal gay sd llch mang Idn, tang 
bin manh ml cho hpp kim. So vdi qua trinh tilt 
pha cd diln, chuyin bien spinodal khdng ddi hoi 
nang Iflpng ldn. Cau true spnodal khd phat hifn:' 
hon nhilu so vdi cdu true tilt pha... 

Budngh&thf^ 

VUagffidtihphdn 
sinh m^mvd phdi 
Oi&imAm 

Hinh 1: Viing thdnh phdn c6 chuySn biin spinodd 

Vdi hpp kim Cu-15Ni-8Sn, nhilu nghiin 
cflu da dfla ra md hinh td chflc vd tim hilu ctf 
che tang ben vd tilt pha trong qua trinh hoa gid 
Tdc gia J.-C. Zhao, M.R. Notis da quan sat dfltfc 
sau dang pha dflpc hmh thdnh trong qud trinh 
xfl ly nhiit: Tren biln h^t va trong cde h?t dang 
Y (DO3); Dang y khdng Uln tpc (d^g cpt); Can 
true trdt tfl hda dang DO^ (Cu^Ni,-x)3SN; Ciu 
true trat tfl hda d ^ g L̂ ^ (Cu^Ni,-x)3SN; Kieu 
modun, kit qud tfl sfl phan hda spinodal vd pha 
6 hi trflc giao (dang p-Cu^Ti) vdi a = 0.451, b 
= 0.538, e = D.427iim. Cde edu trflc dflpc quan 
sat trong cdc hpp kim cd thanh phan khdc nhau, 
Phan ldn ede tac gia nhdn dinh rang, trong cac 
hpp kim Cu-Ni-Sn dflpe nghiin cflu, sfl tang 
ben Id do sfl ddng gdp cua qua trinh phan hda 
spinodal; Trongiihilul^kim,dduhieu cfla td chflc 
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NGHIEN CD-U-TRAO Ddi 

spinodal duoc tim thSy i^ay trong dung dich 
ran. Tham chi, mpt vai nghien ciiu con tim thay 
d£u vet phan hoa spinodal hinh thanh tnldc khi 
t?o thanh dung dich ran va td chi5c spinodal 
dupc hinh thanh ngay trong qua trinh toi. Tay 
nhien, cung co tac gia nhu Miki va Ogino da kit 
luan ring, phan huy spinodal khong lim tang 
manh dp cilng cho cac hpp kim Cu-20Nl-8Sn va 
Cu-15Ni-8Sn, ma vai tro chmh cua sU tang bin 
la to chiic lien mang giiia vung spinodal va pha 
mdi t?o ra. 

2 . T H ^ ; C N G H I S M 

bing 1 
Hpp kim nghiSn ciiu co thanh phin nhU 

Bdngl: Thanhphdn chlnh hap kim nghiSn citu 

T Cu 
1 75.2 

Ni 
15.4 

Sn 
8.95 

Fe 

0.28 
Khic 

Conl^ 

Sau khi diic, hpp kim ditpc nung den 
nhi^t d^ 850''C, gifl nhift 3h va lim ngu^i trong 
niliJc. Ti«p theo, dupc hda gia 4 cac nhiet dp 
khic nhau 250°C; 300"Q 350»C! 400°C; 4S0"C va 
500»C vi trong cac khoang thdi gian khic nhau. 
Cic miu sau khi thiJc hiSn ilu dupc do dd ciing, 
soi td chile tl vi, chup inh trSn kinh hifo vi 
quang hoc phan tich trfo may SEM, phan tich 
nhift va phan tich ronghen. 

Cac thi nghiem dupc thUc hien tai Vien 
Khoa hpc Vift Nam vi Tnldng Dai hoc Bach 
Khoa Ha Ndi. 

3. KfiT QUA VA T H A O L U A N 

HJnft 3; Anh to chde tevi sau u vd nguoi nhanh 

Anh td chile cho thay, d trang thai sau 
diic (hinh 2) hpp kun bj thien tfch nhinh ciy 
manh me. To chile nhinh cay thd khdng chi la 
phin gifla cic h^t ma ngay ci trong hat. Ro rang 
li sii phin bd thinh phan rat khdng ddng deu. 
Dd Cling hpp kim do dupc d trang thii diic li: 
llOHB. 

Hap kim Cu-Ni-Sn dupc ddng dfo hda 
bang cich i d 850°C (hmh 3). 

Sau khi u 3h d 850"C, td chiic nhanh cay 
da dflpc khfl bd, hpp kim cd to chiic hoan toin 
mpt pha ddng nhat, cd klch thudc hjt be hon 
so vdi to chiic diic. Day li td chflc phfl hpp cho 
bfldc hda gia chuyfo bifo spinodal tifp theo. Bd 
cflng sau tdi: 98HB. 

Hinh 2: To chiic tevi sau diic x50 

Htnh 4: Gian da phdn tich DSC 

De nghifo cflu sfl thay ddi ning Iflpng, 
bifo hifo cho cic chuyfo bifo khi thay ddi nhift 
dp, hpp kun sau khi tdi dflpc phin tich nhift tai 
Phdng Thi nghiim Cdng nghe Vjt Ufo Kim loai, 
thu dflpc kft qua nhfl sau: =3 
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NGHieN Cl/U - TRAO DCil 

mnh 7: Anh to chUc tivi sau hoa gid 45(fC - 2h 

Tfl giin do phan tich nhift nhan thay, t ^ cho thay, bfo trong hat cd cau tnic min phan tan 
cic vung nhift dd: 50«Q 418-482"C; 750-800»C dfo, bifo hito rang, dd la cau tnic cua phin hda 
cd sfl xuat hifo cua cac peak trto dfldi^ nhift spinodal (hinh 5) cdn vung bifo gidi hat cd cau 

'1^"8'>'"^- tnic theo Idp. 

Cd thl nhan thay la, tfl nhift dp dfldi 
50''C bat dau cd dau hito chuyfo bifo, cd le day 
la phan hoi spinodal. Cic peak trong khoang 
418"C dfo 482 "C tflpng flng vdi sfl xuat hifo cau 
tnic dang DO^ vi Ll^ trong hpp kim, dang cau 
tnic dflpc tao ra khi Sn tift ra khdi vung spinod
al, chufo bi hinh thanh pha mdi. Difo nay phu 
hpp vdi ly thuyft, phu hpp vdi cic kft qua phan 
tich rPnghen vi cac ket qui ve sU thay doi dd 
cflng theo nhift do nhfl se trinh bay d phan sau. 

Tai 750-800°C cd qua trmh tao pha 
khdng lito Uic y cd cau tnic kito DO^. 

Hinh 8: Anh vit ddm tilng pha cua hdp kim 
CulSNiSSn tdi 85<fC-2,5h: hda gid 450'C-2h 

Hda gii d thdi gian dai hdn vi nhift dO 
cao hon cho thay, cd xuit hifo cic pha den i 
bito gidi hjt. Pha niy la pha y (htoh 8), cd dj 
Cling thip hpn so vdi pha nfo. Tito hinh do dO 
cflng tflng pha: Pha nfo (miu sing cd dp cflng 
cao cdn pha y (miu den cd dd cflng thip hdn 
nhifo(bing2). 

Bdng 2: Bd cdng cdc pha 

anh 5: Anh chup nin mdy SEM 16 mda chde tlvi 
hod gid 45a'CxI3mO 

Hinh 6: Anh chup trin may SEM to miu chde tevi 
hod gid 45a'Cx200000 

Anh SEM d dp phdng dai thap 13.000 lin 
(htoh 5), mau hda gii 450-C cho thay, cd hifo 
tflpng tach pha, Wong flng vdi inh td chflc te 
vi quang hpc (xSDO). Anh td chflc cung (htah 6) 

Pha 

a 
Nfo (miu sing) 

Y (miu den) 

D$ Cling (HV) ' 

390 

382 

387 

238 

230 

237 

Ave 
387 

Ave 
235 
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NGHIEN CO'U-TRAOOOl 

Hmh 9-. Su thay doi dd cOnghdp ldm Cu-15Ni-8Sn 
Iheo nhiit MxUly 

Cd the thdy rang, dp cflng cfla pha a nln Thdi gjan hda gid l,5h, dp eflng khoang 
rat cao trui^ bmh 387 HV, cao hon nhieu so vdi 34HRC kha cao, phfl hcfp cho nhieu flng dpng 
nln a sau khi tdi Dilu nay, chfli^ td rang cd thl chiu mai mdn va dp dan hoi cao. Hod gid khoang 
ed qua trinh phan hda Spinodal xdy ra trong nen, tfl 2-3h, do cflng hoi gjam di nhfli^ d khoang 
Idm cho dd cflng cua nln tang manh. 3-3,5h do cflng lai tang lln vd sau dd giam manh. 

Trong giai doan dau, tfl dung dich ran 
phan hda tl^nh nhflng vung td ehfle spinodal 
nhd min lam tang dp cfllig. Thdi gian tang, vflng 
spinodal nhieu hon, dd cflng tang lln. Nhflng 
nlu keo ddi thdi gian hda gia, khi xudt hiln cae 
pha mdi, dd cflng gidm. Trln cd sd H t hpp gifla 
nhiit dp va thdi gian xfl ly, thay rang, nhiit dp hda 
gia d 350-''C vd thdi gian hda gia tfl l,5h-2h hpp 
kim eho dp eflng cao nhat 

4.KETLUAN 

Tfl cde kit qua phan tieh d trln cd the kit 
luan nhfl sau: 

- Theo nhiet dp vd thdi gian hda gia, td 
ehfle vd co hpp kim thay doi, lfle dau ca tinh tang 
lln tflong flng vdi giai doan phdn hda spinodal. 
Co che tang ben ehu yeu eua hpp kim Id co chl 
phan hda spinodal. Khi nhiet d^ hda gia qua eao, 
hoac thM gian qua dai, pha mdi dfldc tao ra ldm 
dp cflng gidm. 

Thfle hiln hda gid d nhiit dp 350- 450''C 
trong khodng 2h, nhan dflpc td chflc, bao gdm 
nen cd dp eflng eao, xen vdi pha mlm la y, phfl 
hop vdi yen edu cua hpp kim bac Idt, ldm vi^c 
trong dilu kiln tai trpng ndng.*> 

Ngdy nhdn bai: 12/5/2016 
Ngay phan biln: 18/6/2016 

Hinh 10: Su thay doi dd cdng hdp kim Cu -15Ni-8Sn 
theo thdi gian xil ly 

Khi hod gid tai edc nhiet dp khdc nhau, 
kit qua do dp cflng cho thay: Dp eflng sau hda 
gia cua hpp kim d cac nhiet dd 250"C vd 450°C 
Id khd eao trln 20HRC. Dp cflng dat eao nhat 
d khodng nhiit dp 350''C la 32H'RC, tflong 
dflong vdi dp eflng thep C45 d trang thdi nhiet 
luy?n hda tot, suy tiiong dflong, dd ben d?t tdi 
900MPa. Gia tri dp efling nay khd cao so vdi cdc 
hpp kim ddng ndi ehung. Phdi chdng tai nhiet dp 
dd to chflc hpp kim ed can trflc lien mang gifla 
vimg spinodal vk pha mdi tao ra. 

Hod gia d nhi?t dp cao hon, ddng thdi 
vdi sfl xuat hi |n pha y {man den), dp efllig hpp 
kim giam manh. 

Dien bim efla dfldng cong dd cflng khi 
tang thdi gian hda gia tuong tfl nhfl kiii thay ddi 
nhiit dp. 

Cd dinh nhiet dd hda gid d 350°C hpp 
kim Cu- I5Ni-8Sn, dflpe thfl nghiim hod gia vdi 
thdi gian: 0,5h da eho dp cflng cao 30HRC. 
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