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TOM TAT

Gang cau truyén thong chi ¢ thé dat duoc céc chi tiéu co tinh nhu : d6 bén kéo 700 - 750
MPa; d6 gian dai: 2 -5 %. D¢ dat duoc cic co tinh cao hon, tat nhién 1a d tin cdy cta san pham
cting cao hon, can phai kiém sodt cic théng s6 nhu: thanh phan héa hoc ctia hop kim, chat luong
vat duc, cau trdc graphit va qué trinh nhiét luyén. Bai bdo nay gioi thiéu mot phuong phap ché
tao gang cau to1 dang nhiét (ADI). Céu tric gang cau ADI bao gdbm pherit hinh kim va austenit
du con goi 1a to chirc ausferit. Cau tric nay thé hién sy két hop tuyét voi vé co tinh: d¢ bén kéo
1200 MPa; d6 gian dai 7 — 8 %. Bai bdo ciing str dung két qua do do gidn nd nhiét khi chuyén
bién dé tinh toan céc hé sé n va k trong phuong trinh Johnson-Mehl-Avrami va qua d6 xay
dyng gian d6 chuyén bién- nhiét do-thoi gian. Ctra s6 qué trinh trong truong hop nay dugc xic
dinh 13: t6i dang nhiét & 380 °C trong thoi gian 2 gio.

Tir khéa: gang ADI, chuyén pha.
1. MO PAU

Gang ciu tbi dang nhiét 1a mot ciu tric bao gdm graphit hinh cau trén nén gdm c6 hdn hop
céc pha, trong d6 ferit hinh kim va austenit 12 nhitng pha mong doi nhét (ausferit). Trong mot sO
truong hgp, ¢6 mot lugng nhd mactenxit hodc cacbit ciing co thé c¢6 mit trong cdu tric [1]. Gang
cau toi dang nhiét 1a vat liéu két hop tuyét voi ca vé do bén va do dai cling nhu tinh ning sir
dung.

1.1. Quy trinh céng nghé ché tao gang cAu ADI

+ Trudc hét phai ché tao gang cu chira mot sd nguyén té hop kim va c6 mirc d cau héa
trén 90 %. Cac nguyén té hop kim c6 tic dung lam xuét hién nhanh phuy ctia duong cong chit C,
day duong cong chir C sang bén phai, 1am giam tbc do toi t61 han. Tuy thudc vao thoi gian t6i
ma td chire thu duoc cé thé 12 ausferit (ferlt hinh kim trén nén austenit), hodc c6 thém mactenxit
néu giir nhiét trong khoang thoi gian ngan, hodc da hinh thanh bainit do thdi gian giit nhiét kéo
dai.



Chuyén bién ausfferit trong céng nghé ché tao gang céu téi ding nhiét (ADI)

+ Giai doan austenit héa. Nung gang cau 1én nhiét do tir 900 — 950 °C; giit nhiét tir 60 - 90
phiit dé toan bo nén gang chuyén bién hoan toan thanh austenit.

+ Sau d6, chi tiét duoc 1am ngudi rat nhanh xudng nhiét d trong khoang tir 250 — 450 °C,
(Iam ngudi nhanh dé tranh cham vao dudng cong chit C tao thanh peclit). Giit ding nhiét trong
khoang tir 90 - 150 phut dé cho hai phan mg dang nhiét xdy ra..

Phan tng giai doan 1: austenit chuyén thanh ferit h1nh kim (AF) va austenit cacbon cao
(Yaca — hlgh cacbon austenite) hay con goi la austenit gia on dinh. Céc tinh thé ferrit hinh kim
(AF) nam trén nén austenit cacbon cao (Yaca) duogc goi la td chirc ausferit:

Y >AF + Yyea - (1)

Phan Gng giai doan 2: austenit ham lugng cacbon cao (Yuca) chuyén thanh ferit bainit (FB)
va cacbit.

Vs — FB + cacbit . 2

Cira s qué trinh dugc dinh nghia 1a mién thoi gian va nhi¢t do chat ché dé tao ra duoc
gang cau ADI c6 t6 churc ausferit. D6 chinh 1a khoang thoi gian ké tir khi két thiic phan tng giai
doan 1 cho dén khi bat dau phan ng giai doan 2.

1.2. Phwong phap luin nghién ciru dong hoc chuyén bién

Chuyén bién ¢ giai doan 1 1am tang kich ctia mau. Gia thiét, ban diu mau c6 chiéu dai Lo.
Sau mét thoi gian, do chuyén bién dang nhiét (tiét pha o) ma mau s& c6 chiéu dai L (L > L)
Thong qua thiét bi do, xdc dinh duoc su thay dbi kich thudc (chiéu dai) cia miu theo thoi gian.
Tai mdi thoi diém t, chidu dai miu s& ting thém mot lugng: AL = L - Lo; va d¢ gidn dai twong
dbi cuia mAu tai thoi diém d6 s& 1a: € = (L - Lo)/(Lyax - Lo)

Ti phan chuyén bién (f) trong phuong trinh Johnson-Mehl-Avrami dugc dinh nghia 1a
luwong pha AF di chuyén blen tinh theo phan tram, so voi tong luong austenit ban dau. RS rang
1a c6 modi lién quan giita hé s6 glan dai € va ti phan chuyén bién f. Ban dau, phan tng giai doan 1
chua xay ra, ti phan chuyén bién f = 0 va theo dinh nghia trén, hé sé gidn né € ciing = 0. Khi
phan tng két thic, ti phan chuyén bién f =100 % =1 va chidu dai L ciing dat gid tri Ly, va
gid tri d6 gidn dai twong dbi € = 1. Nhu vay, c6 thé dong nhit gia tri d6 gidn dai twong ddi € nhu
gid tri clia ti phan chuyén bién f trong cong thirc Johnson-Mehl-Avrami néi trén.

Phuong trinh Johnson-Mehl-Avrami da duoc st dung dé mé ta tién trinh chuyén bién ding
nhiét [3]:

f=1—exp(—kt") (3)

trong d6: flati phan cua san pham chuyen bién (%); t - thoi gian phan tng (s); k, n: 12 hang sb
thuc nghiém dudi diéu kién chuyén bién.

Bién dbi: 1 —f=exp(-kt")
Lay log hai vé: In(1-f)=-k.*  hay Inl- In(I-f)=k.t'
In(1/(1-f)) =k. 1"

790



Nguyén Hiru Diing

Lay log mot lan nira:

In[Inl/1-f)] = n.In(t) + In(k). 4)

Néu coi InfIn(1/(1 -f))] 1a ham ) phu thudc vao log thoi gian In(z) - thi day la mbi quan hé
bac nhit c6 dang duong thang y = ax + b. Trong d6 n = a 1a h¢ sé géc ctia dudng thang.

Tu d6 thi quan h¢ gitta nhiét do va do gian nd nhi¢t cua vat liéu, tai mdi nhiét do, ta dé
dang xdc dinh duoc sy bién ddi cta ti phan f theo thoi gian t, v& do thi quan hé In[In(1/(1-f))] va
In(t). Ttr d6 thi nay xdc dinh hé sé géc ctia dudng thang, d6 chinh 12 hé s n. D6 thi (4) cit truc
Oy tai diém A c6 gid tri In(k), tr d6 x4c dinh dugc hé s6 k. Thay céc gia tri n va k vao phuong
trinh (3), s€ nhan dugc phuong trinh Johnson-Mehl-Avrami cho mdi nhiét do cu thé. Ro rang,
cdc hé s6 n va k déu 12 ham sb cua nhiét do. B;‘ing excel xdc dinh mbi quan hé: n = f(T) vak =
f(T).

Két qua, tai mdi nhiét do ta s& thu duoc mot phuong trinh mé ta mirc do chuyén bién cua
giai doan 1. Tir phwong trinh thuc nghiém nay, dé dang tinh dugc cdc thong so hop 1i, hay con

goi la cura s6 qua trinh. Tai mot nhiét 6 va thoi gian nhét dinh, dé ~dang tim duogc ti phan chuyén
bién f, c6 nghia 13, biét dwgc di c6 bao nhiéu phan trim chuyén bién giai doan 1 di xay ra.

2. THI NGHIEM

Gang ciu sau bién tinh c6 thanh phan nhu trén bang 1. T chic trang thai dic cho trén hinh
1. Quan sdt thay mau sau khi dic c6 muc do cau héa khoang 90 %, va td chtic nén khoang 80 %
peclit con lai la ferit.

Bang 1. Thanh phin héa hoc ctia vat dic.

Nguyén t6 C Si Mn Ni Cu Cr Mo Mg P S

% 355 | 26| 052 | 0,63 | 0,278 | 0,16 | 0,052 | 0,031 0,044 | 0,011

Gang cau c6 thanh phan nhu bang 1 dwgc gia cong thanh mau (hinh 2) dé x4c dinh d¢ gidn
nd dang nhiét.

Thiét bi toi déng nhiét bao gém hai 10 dat rét gén nhau. Trude hét, cdc miu duoc austenit
héa & 900 °C thoi gian 2 gid trong 10 nung thanh dién cuc cacborun Trung Quéc (10 s6 1), sau
d6, chuyén nhanh sang 10 t6i déng nhiét (15 s6 2). Lo t6i dang nhiét ding méi truong mudi 50 %
NaNO; + 50 % KNO;. Lo nay c¢6 gan bo phan do d6 gidn nd ctia mau va thiét bi khong ché
nhiét d6. Thiét bi do do gian n¢ nhiét 1a cdm bién do khoéang cdch do Bo mon Co khi chinh x4c,
DHBK HN ché tao. D¢ gidn nd ciia mau dugc ghi lai vi mdi khoang thdi gian 10 gidy.
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Hinh 1. T6 chirc gang cau trang thdi dic.
Hinh 2. Mau xdc dinh d6 dan no
dang nhiét.

3. KET QUA VA THAO LUAN

 Sau khi nung austeniNt héa, cdc mau duogc t6~i dfmg nhiét & 5 nhiét do: 280; 310; 350; 450 °C.
Keét qua su gidn no cua mau dugc ghi lai theo moi chu ki 10 gidy. Két qua cho trén hinh 4.

dl - tgian
280
350 400
+ 310
= 350
400
280
x 450
0 2000 4000 6000 8000 10000
thoi gian (s)
it
Hinh 4. Quan hé d6 dan né dang nhiét theo thoi gian. g

Vi nhiét do t6i thap (280 - 310 0C) cic duong cong c6 do dbc nho, tae la, tbc do gidn no
(hay cting chinh la téc do chuyén blen pha) xay ra chdm hon, nhung téng lwong cic pha da
chuyen bién lai 16n hon, tic la ferit tiét ra nhiéu hon so véi toi & nhiét d6 cao. Nhiét do toi 450
°C, tbc do chuyén bién c6 gid tri trung binh nhung lugng pha AF di chuyén bién lai nho, c6 thé
dy doan la trong td chitc con ton tai austenir du.
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Trén co s¢ do gian n6 nhiét trén hinh 4, dya theo Phuong phdp ludn tinh todn ti phan
chuyén bién f da gidi thi€u ¢ trén, xay dung quan h¢ In[In(1/(1-f))] va In(t) theo bicu thirc (4).
Quan hé d6 dugc md ta trén hinh 5.

3 Do thi quan he In(In(1/(1-f))) - Int
251 y = 0.7191x - 4.6496
2 (400)
15
£ 1 y = 0.5045x - 3.7202 ¥y = 0.5255x - 3.5945
= 05 (350) (450)
£
\E 0 T T T
-0.50-00 2.00 4.00 8.00 10.00 12,00 400
350
17 y = 0.8561x - 6.1928 * 310
15 (310) y = 0.9105x - 6.6633
' . (2800C ) " 280
2 Int X 450

Hinh 5. Quan h¢ In[In(1/(1-f))] va In(t).

Ta’i moi nhié‘g do, xay dung dugc mdt phuor}g trinh tuyén tinh ”giﬁ’a In(In(1/(1-))) 7V(')’i Int.
Trén moi duong d6 thi, gid tri cua n chinh 1a hé s6 géc cua duong thang, gid tri Ink la diém giao
nhau gitra dudng thang va truc tung.

Tir dwdng cong gidn nd ciia phan tng chuyén bién giai doan 1, s& xdc dinh dugc hing sb
vat liéu n, k thong qua cac thi nghi€ém ¢ dai cac nhiét 0 khac nhau trong dai nhiét d¢ 250 — 450
°C.

Mbi nhiét d6 s& tinh duoc 1 gid tri n va 1 gid tri cia k.

Dung phan mém excel xu 1{f moi quan h¢ sy phu thudc gitta gifta h¢ s6 n va hé s k vao
nhiét do T:

n=1(T) va k=1(T).
Céc két qua cho hinh va 6 va hinh 7.

Do thik - T Do thin-T
0.04 1.000
0-035 1 y = 1E-05%-0172 0.900 4
0038 b—————
* 0.800 4
0.025 | A
X 0.02 / c 0.700 4
0.015 0,600
0.01 .
0.005 0500
0 . ’/ . 0.400 . . .
100 200 300 400 500 100 200 300 400 500
Nhiet do (oC) Nhiet do (oC)
Hinh 6. Quan h¢ gitta h¢ s0 k va nhiét do. Hinh 7. Quan h¢ gitra h¢ s6 n va nhiét d9.
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Xem trén hinh 6 dé dang nhan thay rang, hé sO k ting cung voi viée tang nhiét do chuyén
bién. Hé s6 k phu thudc vao tdc do tao mam va téc do phat trién mam, boi vay né rt nhay cam
voi nhiét do.

Céc s6 liéu ctia do thi hinh 6 va hinh 7 rit c¢6 ¥ nghia trong thuc tién. Két qua nay cho phép
du dodn ti phan chuyén bién va té chirc ctia gang ciu ti dang nhiét & bat ky nhiét do nao va bat
ky thoi gian t6i 1a bao nhiéu.

Thi du, tai nhiét &6 350 °C. Thay gi4 tri 350 vao phwong trinh: y = 6E-19x**°* s& thu duoc
gid tri hé s6 k; Thay gi4 tri 350 vao phuong trinh y=-0.0021T + 1.4555 s& nhan dugc gid tri hé
s6 n. Thay gi4 tri n va k vao phuong trinh Johnson - Mehl — Avrami sé thu dugc mdi quan hé ti
phin chuyén f bién va thoi gian t. Phuong trinh md ta ti phan chuyén bién tai nhiét do
T =350"C la:

f =1—exp(—0.0041%¢°72)

Sw phit hop ciia tinh todn Ii thuyét va thuc té
Tu phuong trinh thyc nghiém, dé dang dy dodn va xdc dinh ti phan cia AF trong gang sau khi
toi dang nhiét.
Thi du tai nhiét do T = 350 °C thay vao phuong trinh (3) ta dugc:
t = 45 phit — f = 0,8, ti phan chuyén bién 12 80 %.
t = 90 phiit — f = 0,95 ti phan chuyén bién 12 95 %.
t = 150 phit — f = 0,99; ti phan chuyén bién 12 99 %.

V6i cic gid tri thdi gian va nhiét do da cho, twong tng véi anh to chirc cua gang cho trén
hinh 8. R6 rang c¢6 sy phu hop twong d6i giita két qua tinh todn voi anh t6 chirc kim loai. Sy phit
hop & day thé hién & chd, khi ti s6 f cang ting, mat do céc thanh ferit hinh kim cang dam dic va
dién tich chiém chd cuia chiing ciing cang 16n.

(=45 :f=0.8 (=90 :f=0095 T (=1200:£=099

Hinh 8. Su phu hop ctia md hinh thi nghiém.

4. KET LUAN

Viéc dénh gid tdc do chuyén bién khi t6i dang nhiét gang cau (thé hién bang d doc cia
dudng cong gidn no) va ti phan chuyén bién da chi ra ra rang, ¢ nhiét do thap, toc d6 chuyén
bién xay ra nho hon nhung lugng pha ausferit lai dugc tao ra nhiéu hon.
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Béng thue nghiém d,ﬁ xéc dinh duge cdc hé s k van trong cong thirc Johnson - Mehl —
Avrami d6i voi chuyén bién cua giai doan 1 trong cong nghé ché tao gang ADL

Bing phuong phap nghién clru trén, voi mdi mot loai gang ciu s& tim duge mot quy trinh
nhiét luyén phu hop tirc 1a mot mién thoi gian, nhiét do toi uu ma tir d6 c6 thé dé dang ché tao
dugc gang cau tdi dang nhiét (ADI) v6i tinh chat tuyét voi vé ca do bén, do dan dai, v.v... Két
qua nay dé dang 4p dung vao thyc té cho cdc nha mdy, xi nghiép nhdm cai thién va ning cao
chat lugng cuia san pham sau khi dic, dap ing voi nhu cau thyc tién hién nay.

TAI LIEU THAM KHAO

1. Taran Yu. N.,, Uzlov K. I, and Kutsov A. Yu. - The ’Bai,nite Reaction Kinetics in
Austempered Ductile Iron, J. Phys. IV France 7 (1997) thi€u s0 trang.

2. Pereloma E. V. and Anderson C. S. - Microstructure and properties of austempered
ductile iron subjected to single and two step processing, Materials Science and
Technology 22 (9) (2006) 327-339.

3. Ta Van Thét - Cong nghé nhiét luyén, DPai hoc Bach khoa Ha Noi, 1980.

Kilicli V., and Erdogan M. - Tensile properties of partially austenitised and austempered
ductile irons with dual matrix structures, Materials Science and Technology 22 (8) (2006)

213-221.
ABSTRACT
AUSFFERIT TRANSFORMATION IN MAKING THE AUSTEMPERED DUCTILE IRON
(ADI)
Nguyen Huu Dung

Hanoi University of Science and Technology

Email: dung.nguyenhuu @ hust.edu.vn

For traditional ductile iron, the mechanical properties can exhibit: the ultimate tensile stress
UTS = 700 - 750 MPa; elongation & = 2 - 5 %. To achieve higher mechanical properties and
therefore, the reliability of the product, variables such as chemical composition of the alloy,
casting quality, graphite structure and heat treatment process (austenitising and austempering
time and temperature) should be controlled. This paper presents a method by which the
austempered ductile iron (ADI) was made. For ADI, the obtained microstructure consisting of
acicular ferrite (AF) and retained austenite, yields the best combination of mechanical
properties, i.e.,:UTS: 1200 MPa; elongation: 7 - 8§ %. The dilatometric results were also used to
calculate n and k in the Johnson—-Mehl-Avrami equation and to derive the time—temperature—
transformation diagrams. The processing window is established to be austempering temperature
380 °C for 2 houres.

Keywords: ADI, phase transformation.
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