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TOM T AT

Gang @u truyén thdng cH co6 thé dat dwoc cac chtiéu @ tinh nhr : 46 bén kéo 700 - 750
MPa;d6 gian dai: 2 — 5 %Dé dat dugc cac o tinh cao bn, tit nhién 14d6 tin cy cua $in phim
ciing cao bn, cin phii kiém soéat cac thongshu: thanh phn hoa lc cia hyp kim, chit lugng
vat ddc, diu trdc graphit va qué trinh réhiluyén. Bai bao nay gii thiéu mot pheong phap ch
tao gang @u tdi dang nhit (ADI). C4u tric gang #u ADI bao @m pherit hinh kim va austenit
du con @i la t6 chac ausferit. Gu trdc nay th hién ar két hop tuyét voi vé co tinh: do bén kéo
1200 MPado gidn dai 7 — 8 %. Bai badinog sr dung két qua do do gidn ré nhiét khi chuyén
bién dé tinh toan cac &isd n va k trong phong trinh Johnson-Mehl-Avrami va qdé xay
dung gin d6 chuyén bién- nhigt do-thoi gian. Gra $ qua trinh trong trong hyp naydugc xac
dinh |a: tbidang nhit & 380°C trong thyi gian 2 gb.

Tir khéa gang ADI, chugn pha.
1. MO PAU

Gang @u t6i dang nhit la mbt ciu tric bao gm graphit hinh &u trén #n gom c6 tn hop
cac pha, trongé ferit hinh kim va austenit la thg pha mongioi nhét (ausferit). Trong @t o
truong hop, co ndt lugng nhv mactenxit hac cacbit éng coé th c6 mit trong du trac [1]. Gang
cau t6i dang nhit 1a vat lisu két hop tuyét voi ca vé do bén vado dai ding nhr tinh ning sr
dung.

1.1. Quy trinh céng ngté ché tao gang éu ADI

+ Trudc hét phai ché tao gang &u chra mjt sb nguyén & hop kim va cé nic d6 ciu héa
trén 90 %. Cac nguyéh top kim c6 tac dng lam xit hién nhanh ph cia duong cong cir C,
day duong cong cir C sang bén pii, 1am giam tdc do tdi t6i han. Tuy thc vao thi gian toi
ma 6 chic thuduoc c6 tie 1a ausferit (ferit hinh kim trénén austenit), hic c6 thém mactenxit
néu giir nhiét trong khang thyi gian ndin, haic ¢4 hinh thanh bainit do déhgian gir nhiét kéo
dai.
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+ Giaidoan austenit hda. Nung ganguclén nhét d6 tir 900 — 95C°C; giit nhiét tir 60 - 90
phutdé toan B nén gang chugn bien hoan toan thanh austenit.

+ Saudo, chi tiét duoc lam ngw@i rat nhanh xéng nhit do trong khang tir 250 — 450°C,
(lam ngwi nhanhdé tranh clam vaoduong cong cir C to thanh peclit). Gi dang nhét trong
khoang tir 90 - 150 pha#é cho hai pan trng dang nhiét xay ra..

Phin ing giaidoan 1: austenit chun thanh ferit hinh kim (AF) va austenit cacbon cao
(Yuea — high cacbon austenite) hay cdsi B austenit gi on dinh. CAc tinh t& ferrit hinh kim
(AF) nam trén rén austenit cacbon capta) duoc goi la tb chrc ausferit:

YD - AF + Vca - 1)

Phin tng giaidoan 2: austenit hamrbng cacbon caoyfca) chuyén thanh ferit bainit (FB)
va cachit.

Vuea L — FB + cachit . (2)

Cira  qua trinhdugc dinh ngha la mén thyi gian va nhit do chit ché dé tao raduoc
gang @u ADI c6 © chirc ausferitb6 chinh la kheng thi gian K€ tr khi ket thuc phan ng giai
doan 1 chodén khi bat dau phan (g giaidoan 2.

1.2. Phrong phép Iudn nghién aru ddng hoc chuyén bién

Chuyén bién ¢ giai doan 1 lam &ng kich @a miu. Gia thiét, bandau mau cé chéu dai Lo.
Sau nét thoi gian, do chugn bién dang nhit (tiét phao) ma miu s c6 chéu dai L (L > L)
Théng qua tht bi do, xacdinh dugc sr thaydoi kich thege (chiéu dai) dia mau theo tlvi gian.
Tai mdi thoi diém t, chéu dai miu s taing thém mt luong: AL = L - Lo; vado gidn dai trong
d6i ciia miu tai thoi diém dé s 1a: € = (L - Lo)/(Limax- Lo)

Ti phan chuyn bién (f) trong phrong trinh Johnson-Mehl-Avramiugc dinh ngha 14
lwong pha ARda chuyn bién tinh theo péin traim, so i téng luong austenit badau. R6 rang
la c6 ndi lién quan gira k¢ b gidin daie va i phan chuyén bién f. Bandau, phan ung giaidoan 1
chra xay ra, i phin chuyén bién f = 0 va theatinh ngha trén, & sb gidn o € ciing = 0. Khi
phan tng Kt thac, t phan chuyén bién f= 100 % =1 va chii dai L ding dat gi4 th Ly Va
gia ti do gian dai tongddi € = 1. Nhr vay, co te dong nhit gia ti 6 gian dai tong ddi & nh
gia ti cua i phan chuyén bién f trong céng thc Johnson-Mehl-Avrami noi trén.

Phrong trinh Johnson-Mehl-Avrandié duoc sr dung dé mé & tién trinh chugn bién dang
nhict [3]:

f =1-exp(-kt") 3)

trongdo: fla i phan cia sin phim chuyen bién (%); t - thsi gian phin ang (s); k, n: 1a fing
thuc nghém dudi dieu kién chuyén bien.

Bién doi: 1 —f = exp(-Kb
Ly log hai \é: In(1 —f) =-k. t hay Inl-In(1-f)=k.f
In(L/(2-f k. £
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Lay log mbt lan nira:

In[In1/(1-f)] = n.In(®) + In(k). (4)

Néu coiln[In(1/(1- f)] la ham 8 phu thusc vao log thi gianIn(t) - thiday la mdi quan &
bac nhit ¢ cing duong thing y = ax + b. Trongé n = a la B sb goc diaduong thing.

Tur db thi quan & giira nhét do va do gidn o nhiét caa vat liéu, tai mdi nhiét do, ta &
dang xaatinh dugc sy bién doi cua t phan f theo thi gian t, \& do thi quan & In[In(1/(1-f))] va
In(t). Tir do thi nay xacdinh k¢ sb goc dia duong thing, d6 chinh 1a & s5 n. DS thi (4) cit truc
Oy tai diém A c6 gia ti In(k), tir d6 xacdinh duoc hé sd k. Thay céc gia tm va k vao phong
trinh (3), € nhan dugc phrong trinh Johnson-Mehl-Avrami choamnhlet do cu thé. RG rang,
cac ¢ sd n va kdéu 1a ham é cia nhit do. Bing excel xadinh mbi quan &: n = f(T) va k =
f(T).

Két qua, tai mi nhiét do ta € thu dwoc mot phrong trinh m6 4 mirc do chuyén bién cia
giai doan 1. T pheong trinh thrc nghiém nay, @Idang tinhdugc cac thong & hop i, hay con
goi la cra $ qué trinh. i mot nhiét do va thi gian nHit dinh, & dang timdwoc ti pran chuyén
bién f, c6 nglia 14, bét dugc da c6 bao nhiéu @in trim chuyén bién giaidoan 1da xay ra.

2. THI NGHI EM
Gang @u sau bin tinh c6 thanh gim nhr trén king 1. T chac trang thaiddc cho trén hinh
1. Quan sat t#ty mau sau khiduc c6 nirc 36 cau hdéa khéng 90 %, vaa chic nen khaing 80 %
peclit con &i la ferit.

Bang 1 Thanh phn héa lc cia vat duc.

Nguyén & C Si | Mn Ni Cu Cr Mo Mg P S

% 355| 2,6/ 0,52 0,63 0,27? 0,16 0,052 0,081 0,044,0110

Gang @u c6 thanh pin nhr bang 1duoc gia cong thanh &u (hinh 2)dé xacdinh do gian
no dang nhet.

Thiét bi tdi dang nhit bao @m hai o dat rit gin nhau. Tedc hét, cAc niu duoc austenit
héaé 900°C thoi gian 2 gy trong 16 nung thanidién arc cacborun Trung Gie (10 $ 1), sau
d6, chuyn nhanh sang 10 t@idng nhit (10 s5 2). Lo tiding nhit dung méi taong mui 50 %
NaNQO; + 50 % KNQ. Lo nay cé gn by phan do d¢ gidn v cia miu va thét bi khong cté
nhiét do. Thiét bi do do gi&n ré nhiét 1a cim bién do khaing cach do B mén G khi chinh xac,
DHBK HN ché tao. D6 gidn iy ciia miu duoc ghi ki véi mdi khoang thyi gian 10 giay.
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Hinh 1.Té chic gang &u trang thaiddc.

Hinh 2 Méq xacdinh do dan ry
dang nhét.

3. KET QUA VA THAO LUAN

~ Sau khi nung austgnit hoa, caéuduoc tQi dang nhét 6 5 nhig:t do: 280; 310; 350; 45€6C.
Két qua s gidn ry ciia mau dugc ghi ki theo mdi chu ki 10 gidy. Kt qua cho trén hinh 4.

dl - tgian
280
350 400
«310
= 350
400
280
X 450
0 ; ; ;
0 2000 4000 6000 8000 10000
thoi gian (s)
it
Hinh 4.Quan 1§ 46 dan & ding nhét theo thoi gian. g

Vi nhiét d6 t6i thip (280 — 310C), cacdudong cong caio doc nho, tre 1a, Hc do gidn rb
(hay ding chinh la &c do chuyn bién pha) xy ra clim hon, nhung ©ng leong cac phaia
chuyén bién lai 16n hon, tirc 1a ferit tiét ra nhéu hon so \6i t6i & nhiét d6 cao. Nhét do toi 450
oC, thc do chuyén bién co gia tr trung binh niing krong pha ARG chuyén bién lai nho, c6 thé
du doan la trongd chac con bn tai austenir d.
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Trén @ s5 do gidn v nhict trén hinh 4, da theo Pbong phap lan tinh toan it phan
chuyén bien f da gisi thiéu ¢ trén, xay dng quan A In[In(1/(1-f))] va In(t) theo kdu thic (4).
Quan & d6 dugc mo & trén hinh 5.

3 Do thi quan he In(In(1/(1-f))) - Int
257 y = 0.7191x - 4.6496
2 (400)
15
f 17 y = 0.5945x - 3.7292 Py = 0.5255x - 3.5945
S 05 (350) \ (450)
=4
:C’ 0 T T T
T _o.50-00 2.00 4.00 8.00 10.00 12|00 400
350
-1 y = 0.8561x - 6.1928 ©310
15 (310) y = 0.9105x - 6.6633
: A (2800C ) = 280
-2 Int X 450

Hinh 5.Quan k& In[In(1/(1-f))] va Iny).

Tai moi nhiét d6, xay dmng dwoc Mot phrong trinh tugn tinh gira In(In(1/(1-f))) i Int.
Trén noi duong do thi, gia ti cua n chinh la & s6 géc maduong thing, gia ti Ink ladiém giao
nhau gira duong thang va toc tung.

Tir dudng cong gidn & caa phin tng chugn bién giai doan 1, $ xacdinh duoc hing $
vat liéu n, k thdng qua céc thi ngh ¢ dai cac nhét d6 khac nhau trongail nhiét o 250 — 450
0,

C.

Mdi nhiét ¢ 8 tinhdugc 1 gia ti n va 1 gia trcaa k.

Dung ptin mém excel xr [f mdi quan & sr phu thupc giira gita F s n va & sb k vao
nhiét @6 T:

n=f(T) va k=1(T).
Cac Kt qua cho hinh va 6 va hinh 7.

Do thik - T Dothin-T
0.04 1.000
0-035 1 y = 1E-05e0-0172 0.900 4
0.3 4+ ———
* 0.800
0.025 4 .
¥  0.02 = 0.700 +
0.015 / 0.600
0.01 /,
0.500
0.005 /
0 0.400 T T T
100 200 300 400 500 100 200 300 400 500
Nhiet do (0C) Nhiet do (0C)
Hinh 6 Quan & gitta k¢ s k va nhét do. Hinh 7.Quan B gitra k¢ 6 n va nhét do.
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Xem trén hinh 6 @dang nln thy riang, r¢ s5 k ting cling i viéc ting nhit do chuyén
bién. He b k phu thudc vao e do tao mam va tc do phat trén mam, bsi vay né it nhay cam
vai nhiét do.

Cac $ ligu aiadd thi hinh 6 va hinh 7at cé y nghia trong thrc tién. Két qua nay cho phép
du doan t phan chuyén bién va 6 chirc aia gang éu tdi dang nhit ¢ bat ky nhiét do nao va Bt
ky thoi gian toi la bao nhiéu.

Thi dy, tai nhiét d6 350°C. Thay gia tr 350 vao phong trinh: y = 6E-19%°%? s3 thu duoc
gia tii hé $ k; Thay gia t 350 vao phong trinh y= -0.0021T + 1.455% shin duoc gia ti hé
sb n. Thay gia trn va k vao phiong trinhJohnson - Mehl — Avrami € thu duoc mdi quan ¢ ti
phan chuyn f bién va thyi gian t. Plwong trinh mé 4 ti phin chuyn bién tai nhiét do
T =350°C la:

f =1-exp(-0.0041* t “>%)

Sw phli hp aia tinh toan i thuyt va thec
Tu pheong trinh thec nghEm, & dang dr doan va xactinh ti phin cia AF trong gang sau khi
t0i dang nhit.

Thi du tai nhiét d6 T = 350°C thay vao ptiong trinh (3) tatuoc:

t = 45 phat- f = 0,8, 1 phan chuyén bién 1a 80 %.
t = 90 phat— f = 0,95 t phdn chuyén bién la 95 %.
t = 150 phat- f=0,99; t phin chuyén bién 1a 99 %.

V6i cac gia ti thoi gian va nhét do da cho, trong ttng Wi anh © chic cia gang cho trén
hinh 8. RG rang causphu hyp trong doi gitra ket qua tinh toan i anh © chirc kim loai. Sy phu
hop ¢ day the hién ¢ cho, khi ti so f cang #ng, mit d cac thanh ferit hinh kim cardgm dac va
dién tich chém chb caa chang @ng cangdn.

t=90': f=0.95 T t=120':f=0.99

Hinh 8.Suy phu kyp cia md hinh thi ngim.

4. KET LUAN
Viéc danh gia éc do chuyen bién khi toi dang nhigt gang éu (thé hién hing do doc aia

duong cong gian &) va ft phan chuyén bién da cH ra ra &ng, & nhiét do thip, toc do chuyén
bién xay ra nt hon nhrng lrong pha ausferital dugc tao ra nhéu hon.

794



Nguyén Hiu Ding

Bang thrc nghém da xacdinh dugc cac & sd k va n trong cong tic Johnson - Mehl —
Avrami ddi véi chuyén bién caa giaidoan 1 trong céng nghché tao gang ADI.

Bing phrong phap nghiénuu trén, 6i mdi mét loai gang du s tim dugc mjt quy trinh
nhiét luyén phu kop tirc 1a ndt mién thoi gian, nhét do tdi vu ma tr d6 co thé dé dang ck tao
dugc gang éu tdi ding nhit (ADI) véi tinh chit tuyét voi vé& ca do bén, do dan dai, v.v... Kt
qua nay & dang ap dng vao thrc t# cho cac nha may, xi ndipi nhim cii thién va nang cao
chit lugng aia sin phim sau khiddc, dapirng wi nhu céu thyc tién hién nay.
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ABSTRACT

AUSFFERIT TRANSFORMATION IN MAKING THE AUSTEMPEREMUCTILE IRON
(ADI)

Nguyen Huu Dung

Hanoi University of Science and Technology

Email: dung.nguyenhuu@hust.edu.vn

For traditional ductile iron, the mechanical prdger can exhibit: the ultimate tensile stress
UTS = 700 - 750 MPa; elongatian= 2 - 5 %. To achieve higher mechanical properdied
therefore, the reliability of the product, variablsuch as chemical composition of the alloy,
casting quality, graphite structure and heat treatnprocess (austenitising and austempering
time and temperature) should be controlled. Thipepepresents a method by which the
austempered ductile iron (ADI) was made. For Ak bbtained microstructure consisting of
acicular ferrite (AF) and retained austenite, \gelthe best combination of mechanical
properties, i.e.,:UTS: 1200 MPa; elongation: 7%8The dilatometric results were also used to
calculate n and k in the Johnson—Mehl-Avrami eguatind to derive the time—temperature—
transformation diagrams. The processing windowstaldished to be austempering temperature
380°C for 2 houres.

Keywords ADI, phase transformation
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