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.t Trén cd s van dyung Iy thuyét spinodal, sit dung nhiéu phucng phdp phin tich va xdc dinh co

tinh, cdc tdc gid bai bdo da nghién citu sy thay déi t8 chilc cria hgp kim Cu-15Ni-85n trong qud trinh
xik Iy mhiét. Cdc téc gid da ching minh sut 6 mat cia 8 chitc spinodal lim ting bén manh mé cho nén
vét su xudt hién cia pha y c6 dp cing thdp lam tiing tinh boi tron cho hap kim, ti dé tim ra quy trinh
iz ly thich hop d€ hp kim, ddp iing yéu cdu vit ligu lim G truc tdi trong ndng: Nung hop kim 8 850°C
trong 3h, lam ngudi nhanh trong nudc, sau 46 héa &id 8350 - 450°C trong 2h.

Tit khéa: Spinodal, ding dan héi, cd tink, it I nhiét.

ABSTRACT

Based on spinodal decomposition theory, using various analytical and determination of properties
methods, the authors of the article studied the changes in the microstructure and kardness of the
alloy Cu-15Ni-85n during heat treatment. The authors have demonstrated that the strongly increase of
strength the of solid solution matrix may take Pplace via spinodal mechanism. The presence of y phase
with lower hardness during aging increases the hubrication of alloy. The authors suggested the heat
treatment for alloy to meet requirment as bearing heavy loads material: Heating the alloy at 850°C in

3k, quenching, then aging at 350 - 450°C in 2 hours.
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1. GIOI THIEU

Vdi rit nhiéu vu diém vé d¢ din nhiét,
kha ning chéng 4n mon, d6 bén, d6 déo, tinh
boi trom, chéng ma sét tt, hop kim ddng thudng
dugc sit dung trong nhiéu thiét bi dé lam bac 16t,
& xoay... Tuy nhién, bac 16t bing hop kim déng
théng thuong khi lam viéc trong diéu kién tai
trong ning, chiu mii mon, an mon v béi tron
kém (nht chi tiét c8c xoay trong miy khoan
md), lam viéc sau mét thei gian ngin thudng bj
hu héng, phdi thay th& Cic chi tiét nay thudng
dugc nhap khiu véi gid thanh rat dit hodc sin
xuit trong nuéc nhung chét hugng khéng dugc
dam bao.

V1 vay, nghién cttu ché tao cic loai hop
kim déng ¢6 co tinh t6t, d6 bén, khi ning bai
tron chit in mén, mai mdn cao d& ché bac i6t
chiu tii trong ning JA rdt cin thiét.

Mot trong rhitng yéu ciu quan trong ciia
hop kim bac truc lam viéc tai trong I6n R phai
6t chiic, bao gdm: Céc pha c6 dé bén, do cling
cao d€ chiu tai, xen k& v6i pha 6 36 <iling thip,
6 thé mén di trong qué trinh lam viéc &€ thanh
diém chifa ddu béi tron.

Céc thc gid bai bao tién hanh nghién ciu
hé hop kim d6ng hgp kim héa béi 15%Ni va 8%
S, x& 1y nhiét dé hop kim <6 tinh ning théa
mén cc yéu ciu d6. Co sd cila qué trinh tao hop
kim déng dé bén cao lam viéc trong diéu kién
tai trong ning 12 ting dyng hé qua cia phan héa
spinodal vi chuyén pha trong hé hop kim khi xit
Iy nhiét.

Phan hoa Spinodal la mét co che ma & do
mot dung dich rin déng nht cia hai hay nhiéu
cdu td trong nhitng diéu kién nhat dinh bi phan
hda thanh cic ving nhe, c6 cting cfu triic nhy
Pha me nhung khéc vé thanh Phén héa hoc va cg
tinh.

Khic véi chuyén pha 8 dién, chuyés
bién spinodal xdy ra déng théi va déng nhit ey
toan khi vat liéu, khong chi tai céc v tri chuyéy
pha riéng biét. Cdu tric spinodal nhé, min. by
nhé min cia cdu tric spinodal dudc dic trung
bai khoing cach gilta cic ving c6 thinh phin
xdc dinh, kich thudc khoing 50-1000A°. Nhy
16 chiic hét sifc nhd min va phin b§ déng dés,
chuyén bién spinodal gdy x6 léch mang 16m, ting
bén manh mé cho hep kim. So véi qua trink t&
pha cd dién, chuyén bién spinodal khong doi hoi
nang higng 1én. Céu tric spnodal khé pht hign’
hon nhiéu so véi cdu tric tiét pha...

 sinhmdm va phd
tridn mdm

Hinh I: Ving thanh phdn c6 chuyén bién spinodal ;

Vi hop kim Cu-15Ni-8Sn, nhiéu nghién
cifu di dua ra mé hinh t6 chic va tim hiéu co
ché ting bén va tiét pha trong qua trinh hoé gis.
Téc gid J.-C. Zhao, M.R. Notis da quan sat dugc
séu dang pha dugc hinh thanh trong qué trich
xii If nhiét: Trén bidn hat va trong céc hat dang
¥ (DO,); Dang y khéng li¢n tyc {(dang cdt}; Cda
tric trdt ty héa dang DO, (Cu,Ni-x),SN; Cfu
tridc trit t¢ héa dang L,, (CuNi,-x),SN; Kiéu
modun, két qué tif sy phén héa spinodal v4 pha
8 hé tryc giao (dang B-Cu,Ti) véi a = 0.451, b
=0.538, ¢ = 0.427nm. Céc cfu tric dugc quan
sét trong cdc hop kim cd thanh phin khéc nhau,
Phén 160 cic téc gid nhan dinh ring, trong cic
hop kim Cu-Ni-Sn dugc nghién ciiu, sy ting
bén I do sy déng g6p clia qua trinh phén héa
spinodal; Trong nhiéu hgp kim, déu higu ciia S chite
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spinodal dugc tim thiy ngay trong dung dich

rin. Tham chi, mét vii nghién ciu con im thiy

ddu vét phan héa spinodal hinh thanh trude khi
tg0 thinh dung dich rin va t6 chic spinodal
dugc hinh thinh ngay trong qua trinh téi. Tuy
nhién, ciing ¢6 tic gid nhu Miki va Ogino d3 két
lugn ring, phin hay spinodal khéng JAm ting
manh dé eiing cho cic hop kim Cu-20Ni-8$n va
Cu-15Ni-8Sn, ma vai trd chinh cita st tang bén
14 6 chiic lién mang gifta vimg spinodal va pha
mdi tzo ra.

2. THYC NGHIEM

Hop kim nghién cttu c6 thanh phin nhu
béng 1.

Béng I: Thanh phan chinh hgp kim nghié citu
!CulNi [ sn [ Fe | Xnac |

752_| 154 | 895 | 028 |Conla

Sau khi dic, hgp kim dugc nung dén
nhiét d6 850°C, git nhiét 3h v lam ngudi trong
nude, Tiép theo, duge héa gia & cic nhiét 5]
khic nhau 250°C; 300°C; 350°C; 400°C; 450°C va
500°C v trong cdc khoang thei gian khac nhau.
Céc miu sau khi thyc hi¢n déo dugc do 4§ citng,
soi t6 chifc t& vi, chyp dnh trén kinh hién vi
quang hoc, phén tich trén may SEM, phan tich
nhiét va phan tich ronghen.

Céc thi nghiém dugc thyc hién tai Vién
Khea hoc Vigt Nam va Trudng Pai hgc Bich
Khoa Ha Néi.

3. KET QUA VA THAO LUAN

Hinh 2: T8 chic 1€ vi sau diic x50
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Hinh 3: Anh 6 chutc t vi sau i va ngudi nhanh

Anh 16 chiic cho thiy, & trang thai sau
dizc (hinh 2) hop kim bj thién tich nhénh ciy
manh mé. T8 chitc nhénh ciy tho khong chi 1a
phin gitta cic hat ma ngay ci trong hat. Ro rang
13 su phén bé thanh phin rét khéng déng déu.
D9 ciing hop kim do dugc & trang théi dic 1a:
110HB.

Hop kim Cu-Ni-Sn dugc déng déu héa
bing cich & & 850°C (hinh 3).

Sau khi it 3h & 850°C, 16 chiic nhanh cay
da dugc khi bd, hgp kim ¢6 1§ chitc hoan toan
mét pha déng nhdt, ¢6 kich thuéc hat bé hon
$0 v6i t6 chic diic. Dy 1a t8 chuc phi hgp cho
budc hda gid chuyén bién spinodal tiép theo. D6
ciing sau t6i: 98HB.

Hinth 4: Gidn 46 phan tich DSC

Dé nghién citu sy thay d6i ning lugng,
bi€u hi¢n cho cdc chuyén bién khi thay d6i nhiét
26, hop kim sau khi 161 dugc phén tich nhiét tai
Phong Thi aghiém Cong nghé Vit liéu Kim loai,

&F

thu duge két qui nhu sau:
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‘T gidn dé phan tich nhiét nhan thiy, tai
cac viing nhiét d¢: 50°C; 418-482°C; 750-800°C
6 su xudt hién cla cic peak trén dudng nhiét
déng hoc.

C6 thé nhan thdy I3, t& nhiét d¢ dudi
50°C bét dau c6 diu higu chuyén bién, co 18 day
14 phan hod spinodal. Cic peak trong khoang
418°C dén 482°C tuong ting v sy xudt hién cdu
triac dang DO, va L1, trong hgp kim, dang cdu
tric duge tao ra khi Sn tiét ra khéi viing spinod-
al, chudn bi hinh thinh pha méi. Diéu nay phu
hop vdi Iy thuyét, phir hop véi cic két qua phin
tich ranghen vA céc két qua vé sy thay déi do
ciing theo nhiét d nhu sé trinh bay & phdn sau.

Tai 750-860°C c6 qud trinh tao pha
khéng lién tuc y ¢6 cdu triic kiéu DO,

Hinh 5: Anh chup trén mdy SEM 18 mdu chic t€ vi
hod gia 450°C x13000

Hinks 6: Anh chup trén mdy SEM 18 mdy chitc 1 vi
hod gia 450°C x200000

Anh SEM § d6 phéng dai thdp 13.000 l4n
(hinh 5), miu héa gia 450°C cho théy, ¢6 hign
tugng tach pha, tuong ving v6i anh 3§ chic t&
vi quang hoc (x500). Anh t§ chiic ciing (hinh 6)

cho thiy, bén trong hat c6 ciu trie min phan tin
déu, biéu hién ring, d6 Ia cdu tric cda phin héa

spinodal (hinh 5) cén viing bién gidi hat ¢6 cfu

tric theo 16p.

Hinh 7: Anh t6 chilc 1€ vi sau héa gia 450°C - 2%

Hinh & Ank vét dam ting pha cia hop kim

Cul5Ni8Sn t6i 850°C-2,5h; hda git 450°C-2h

Héa gid & thdi gian dai hon va nhigt d9
cao hon cho thiy, c6 xuft hién cic pha den §
bién gidi hat. Pha nay 1a pha y (hinh 8), c6 d¢
cing thip hon so véi pha nén, Tién banh do do
citng timng pha: Pha nén (mau sing c6 d ciing
€0 con pha y (miu den ¢6 d cing thdp hon

nhiéu (béng 2).

Bdng 2: D¢ ciing cdc pha

ESTLES

Pha B} ciing (HV)

a 390 Ave

Nén (mau sing) 382 387
387

238 Ave

¥ (méu den ) 230 235
237
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Cd thé thdy ring, dd ciing ciia pha a nén
rét cao trung binh 387 HV, cao hon nhiéu so véi
nén a sau khi toi. Diéu nay, chiing tb tiing ¢6 thé
€6 qud trinh phdn héa Spinodal xdy ra trong nén,
lam cho d ciing ctia nén ting manh.

Dyeimg e
cudsBRY
%
/i;
8§

2 300 350 400 4 500
Mg ayc

Hinh 9: Su thay déi 43 ciing hgp kim Cu-15Ni-8Sn
theo nhiét dj xit ly

B9 clmg hop kim Cu-108-33n khi hoa
ol hheo twH glan

e AR ™ |

B cimg HRC
eaBsBUMUE

85 1 15 2 25 3 35 a4
Thou gl 3

Hinh 10: Sy thay déi d ciing hdp kim Cu -15Ni-85n
theo thoi gian xit Iy

Khi hoa gia tai cic nhiét d% khéc nhau,
két qua do dd cling cho thay: Do ciing sau héa
gia cia hop kim & cac nhiét do 250°C va 450°C
12 kh4 cao trén 20HRC. Dj ciing dat cao nhit
& khodng nhiét d6 350°C la 32HRC, tong
dudng vdi do citng thép C45 & trang théi nhiét
luyén héa t6t, suy tuong duong, do bén dat téi
900MPa. Gid tri d cling nay kh4 cao so vdi cic
hop kim déng néi chung, Phii ching tai nhiét do
d6 t§ chitc hop kim ¢6 cdu tric lién mang giita
ving spinodal va pha méi tao ra.

Hod gia & nhi¢t d cao han, déng thai
véi sy xudt hién pha y (mdu den), d6 cing hop
kim giim manh.

Dién bién cita dudng cong d citng khi

ang thdi gian hda gid twong ty nhu khi thay d6i
nhiét do.

Cé dinh nhiét d¢ hoa gia & 350°C, hgp
kim Cu-15Ni-88n, dugc thif nghiém hod gia vai
thi gian: 0,5h di cho dé citng cao 30HRC.

TAP CHI CO KHI VIET NAM, Sé 6 nim 2016

‘Thoi gian hoa gia 1,5h, do cing khodng
34HRC khi cao, phu hgp cho nhiéu ing dung
chiu méi mon va d dan héi cao. Hod gia khoang
tif 2-3h, d6 ciing hoi gidm di nhung & khodng
3-3,5h dg ciing lai ting 1én va sau d6 gidm manh.

Trong giai doan diu, tii dung dich rin
phén héa thanh nhiing viing t6 chiic spinodal
nhé min lam ting d6 cing. Th&i gian ting, viing
spinodal nhiéu hon, d9 cing ting lén. Nhung
néu kéo dai thoi gian héa gia, khi xuit hién cic
pha mdi, d6 ciing giam. Trén co s& két hop giita
nhiét do va thoi gian xii Iy, thiy ring, nhiét d héa
gia & 350-°C va thoi gian héa gia tir 1,5h-2h hop
kim cho d¢ ciing cao nhat.

4. KET LUAN

Tt cic két qua phan tich & trén c6 thé két
luén nhu sau:

- Theo nhiét d¢ va théi gian hoa gia, t6
chiic va co hgp kim thay déi, ltic d4u co tinh ting
lén tuong ing véi giai doan phan héa spinodal.
Co ché tang bén chii yéu cita hop kim 12 co ché
phén héa spinodal. Khi nhiét d6 héa gia qua cao,
hodc thi gian qud dai, pha méi dugc tao ra lam
d6 ciing gidm.

Thuc hién héa gia & nhiét do 350- 450°C
trong khoang 2h, nhin dugc t8 chiic, bao gém
nén c6 df citng cao, xen véi pha mém 4 y, phu
hop véi yéu cdu cia hop kim bac 16t, lam viéc
trong diéu kién tii trong ning. <
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