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Cong nghé it mém gang crom cao dé gia cong cit got
Soft Annealing Technology of High Chromium White Cast Iron for Machinability

Nguyén Ngoc Minh
Truong Pai hgc Bach khoa Ha Noi - S6 1,’Dai Co Viét, Hai Ba Trung, Ha Noi
Deén Toa sogn: 24-5-2019; chap nhan dang: 27-9-2019

Tom tat

Muc tiéu trong nghién ciru ndy la tim ra duoc cac théng sé xu Iy nhiét can thiét dé ap dung lam mém gang
tréng Cr cao vé khoang do cumg thdp hon nhdm bdo dam thuan loi cho qua trinh gia céng cét got. Cac méu
gang dwgc U mém & cac dleu kién khéc nhau béng o buong dién tré. Viéc danh gia sw chuyén pha caa vat
liéu trong subt qué trinh G mém da duoc thuc hién béi viéc st dung kinh hién vi quang hoc, kinh hién vi dién
tr quét, nhiéu xa X-ray va thiét bj do dé ctng té vi. Két qua nghién ctru da chirmg minh rang: viéc i mém
gang tréng Cr cao la hoan toan cé thé thuc hién duoc théng qua viéc diéu chinh dwoc mirc do phén bé céc-
bit thir cép Cr trén nén Feq

T khéa: Gang trang Cr cao, i mém, gia cong kim loai
Abstract

The objective of the present work is to establish the heat treating parameters necessary to impose high
chromium white cast iron a lower range of hardness, acceptable to guarantee a reasonable machinability of
the material. Samples are soft annealing under different conditions by a resistor furnace. Evaluation of the
phase tranformations during soft annealing was carried out by using optical microscopy (OM), scanning
electron microscopy (SEM), X-ray diffraction (XRD) and microhardness tester. The results of this study have
shown that soft annealing of high chromium white cast iron can be done by controlling the distribution of

secondary chromium carbide on ferrite matrix.
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1. Mé diu

Trong linh vuc lam viéc chiu mai mon, gang Cr
cao dang dugc sir dung ¢ kha nhiéu pham vi nhu: 1am
canh bom bun trong céng nghié€p khai khoang va
cong nghiép mo [1-8], san xuit bi nghién xi ming
[2,5], mot s6 chi tiét trong hé thong bom cong nghiép
van chuyén va san xuit mia duong, san Xudt glay
[5,7,9]. Vi nhom gang Cr cao, dé c6 thé lam viéc
duogc trong diéu kién chiu mai mon, chung thuong cé
ham lugng lugng C tir 1.8% téi 3.6% va lugng Cr dao
dong trong khoang tir 12% t6i 36%. O mirc do thanh
phan hoa hoc da néu, t6 chirc t& vi ciia gang sau diic
s€ bao gdm céc-bit cing tinh tho to, rat cimg c6 thé
ton tai & cac dang dang (CrFe);C3, M7Cs, (CrFe)2Cs
hodc (CrFe)sC két hop vdi td chirc nén nhan dugc s&
lam cho d¢ cung cua khéi vat liéu rat cao, thuong trén
52 HRC nén rat kho khan trong viéc tién hanh gia
cong cit got cho chi tiét sau duc [6,9]. Dé giai quyét
van dé nay, cong ngh¢ u mém gang Cr cao sau duc da
dugc tién hanh nghién ciru va ap dung. Mic di di c6
nhiéu thong tin vé cic cong nghé xir Iy nhiét i mém
ap dung cho loai hgp kim nay. Tuy nhién, cac thong
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tin ¢6 dugc doi khi bi xung dot va thuong chi phu hop
v6i mot thanh phan riéng biét nhét dinh [6]. Do do,
trong nghién ciru nay, tac gia da tién hanh xdy dung
mot quy trinh 4 mém 4p dung cho mot mac hop kim
¢6 thanh phan cu thé. Két qua cho théy, gang trang Cr
cao khi dugc ap dung quy trinh 0 mém thich hop c6
thé giam do ctimg dang ké vé dugc dudi 42 HRC, qua
d6 gop phan tao thuan loi cho qua trinh cat got

2. Vit liéu va phuong thirc thue nghiém

Trong nghién ciru nay, miu gang sau dic da
dugc mang di kiém tra thanh phan hoa hoc va két qua
¢6 duoc thé hién trong bang 1. Dé thuc hién céc quy
trinh xir 1y nhiét, mau thi nghiém duoc chia ra thanh
cac khédi nho kich thude 100x100x100mm va duoc
nung trong 10 budng dién tré c6 diéu khién. Mau ciing
dugc dat trong hop kin bang thép khong gi dé bao vé
bé mit trong sudt qua trinh xtr Iy nhiét. Cac quy trinh
i mém duoge thuc hién theo cac thong s6 nhu trong
bang 2. Cac mau sau mdi giai doan xir Iy nhiét sé
dugc mang di kiém tra d6 cting dé danh gia va lya
chon ché d6 phu hop. Bé danh gia su thay dbi td chice
pha, nhiéu xa X-ray da duoc 4p dung trong khi kinh
hién vi quang hoc va hién vi dién tir quét véi do phan
giai cao cho phép quan sat sy tiét cac-bit thir cap ciing
da duoc thuc hién.
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Bang 1. Thanh phan hoa hoc ctia gang Cr cao

Nguyén t6 Fe C Cr Mn Si W Ni
% Khdi lugng 62,51 2,55 29,21 0,74 1,70 0,44 2,36
Bang 2. Cac thong s6 nhiét luyén
Loai mau Giai doan 1 Giai doan 2 Giai doan 3
» .| Nung téi 520°C/3h/ Nung t6i 950°C/1h/ngudi xudng 810°C
. Nung t61 970°C/7h/ngudi N o ) 2 N
M1® N o ngudi ngoai khong khi trong 1h/ngudi xudng 610°C/2h/ngudi
ngoai khong khi tinh . . .
tinh ngoai khong khi tinh
M2 Nung t6i 900°C/2h/ngudi xudng 700°C/8h/ngudi cung 16 dén nhiét d6 phong
» Nung t61 970°C/8h/nguéi .. . A LA .
M3 N o Nung t&i 650°C/2h/nung 1én 700°C/7h/ ngudi ngoai khong khi tinh
ngoai khong khi tinh

Chii thich: (*) thir nghiém ché do theo cdc cong nghé da dugc cong bé [6,9]; (*%) dé xudt quy trinh méi

3. Két qua va thao luan

Két qua do dg ciing: Cac mau trude va sau xir Iy
nhiét déu duoc kiém tra d6 cimg tho dai véi miii dam
kim cuong trén may do d6 cung Mitutoyo ATK-600
ctia hing Mitutoyo. Két qua kiém tra d6 ctng tho dai
ctia mau sau duc va mau sau xir Iy nhiét dugc thé hién
nhu trén db thi tai hinh 1 d3 cho thiy: gi4 tri d6 cimg
trung binh ctia mau sau khi 4p dung quy trinh méi
(mdu M3) cho két qua giam do ctng 16n nhat
(~ 10,5HRC). Véi quy trinh ap dung cho mau M1 va
M2, gia tri 6 cung c6 gidm. Tuy nhién mic d§ giam
d6 cung 1a rit thip (3 + 3,8) HRC. Do d6, c6 thé thiy
quy trinh 4p dung cho mau M1 va M2 khong phu hop
v6i mac gang Cr cao ¢ thanh phan nhu trong bang 1
mic di cac ché do nay 4p dung thanh cong cho méc
hop kim gang Cr cao véi thanh phan khac di [6,9].

52.1
48.3 49.1
I I I 41.6
MO MI M2 M3
Hinh 1. Biéu d6 so sanh do climg mau sau cac ché @6

nhNiét luyén: MO — n}ﬁu sau dac; M1, M2, M3 la cac
mau ap dung cac ché do xu Iy nhu trong bang 2.
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Hinh 2. Két qua danh gia t6 chirc ciia miu duc: (a)
Anh t6 chuc té vi véi do phong dai 500 lan; (b) Phan
tich thanh phan pha bang nhidu xa X-ray; (E — to
chire cung tinh, C — céc-bit so cip, A — austenit)

Két qua quan sat trén kinh hién vi quang hoc va
nhiéu xa X-ray: viéc quan sat danh gia t6 chuc té vi
ctia mau hop kim sau duc (mau trude khi ap dung quy
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trinh xur 1y nhiét M3) ciling dd duogc thyc hién trén
kinh hién vi quang hoc Axiovert 25 CA/6V 25W cua
hang Carl Zeiss. Thiét bj nhidu xa X-ray thyc hién
trén may X-ray Model D5005 cia hang SIEMENS.
Két qua dwoc thé hién nhu trén hinh 2a. Tir két qua
quan sat trén anh hién vi quang hoc cho thiy t6 chuc
té vi ciia gang Cr cao sau khi duc bao gdm: t& chirc
cung tinh (cac-bit ciing tinh Cr7C3 trén nén austenit),
cac-bit so cép (Cr7C3) thé to va austenit.

Diéu nay la phu hop khi cac két qua cong bd da
ching minh ring: v6i ham lugng Cr cao nhu trén,
mau duge duc trong khuon cat co tbe do ngudi kha
cham thi trong t6 chirc té vi, ngoai td chirc cung tinh
¢6 chita céc-bit phan bd trén nén austenit thi mot
lwong 16n cac-bit so cap thod to cling xudt hién va tén
tai [3,6]. Viéc pha austenit ton tai & ngay ca nhiét do
phong sau khi dic dugc cho la anh huong cta Ni va
Si khi hai nguyén t6 nay ciing c6 ham luong kha cao
va dugc biét dén nhu nhiing nguyén t6 1am mé rong
ving austenit. Xac nhan vé su ton tai clia cac pha
cling da dugc 1am rd hon khi nhiéu xa X-ray duoc
thuc hién dbi voi mau sau dic va cho két qua nhu
trén hinh 2b. Két qua ciing cho thay: cac-bit Cr ton tai
cha yéu dudi dang Cr7C3 trong khi pha nén cua hop
kim 1a austenit. Nhu vay c6 thé thay rang: mac du cau
trac té vi ctia hop kim chi bao gom céc hat cac-bit Cr
tho to phan bd trén pha nén austenit c6 do déo cao
nhung lai ¢6 d6 cimg kha cao sau dic. Két qua nay
cho phép nhan dinh: gia tri d6 cing cao clia mau sau
dtc c6 dugc 1a do anh huong cia cac hat cac-bit Cr
tho to phan bd ¢ ca trong t chirc cung tinh va trén
nén austenit. Do d6, bién phap dé giam d6 cimg cho
hop kim sau duc 1a diéu chinh lai kich thudc cac hat
céc-bit Cr tiét ra nho min hon. Dé thyc hién didu nay,
tac gia dd tién hanh xir 1y nhiét theo quy trinh cia
mau M3 nhu trong bang 2. Mau sau xir 1y nhiét ciing
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duoc quan sat danh gia to chic té vi va sy tiét pha.
Keét qua danh gia dugc thé hién nhu trén hinh 3.
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Hinh 3. Két qua dénh gia t6 chirc ciia mau M3 sau xir
ly nhiét: (a) Anh t& chic t& vi v6i do phong dai 500
lan; (b) Phan tich thanh phin pha bang nhiéu xa X-
ray; (C — cac-bit so cip)
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Hinh 4. Anh hién vi dién tr quét: (a) mau sau dic; (b) miu sau xir Iy nhiét theo ché do M3
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V6i quy trinh da thyuc hién trén mau M3. Dé day
nhanh qua trinh tiét cac-bit thir cip phan tan trén nén,
trude tién giai doan dau s& tao ra dung dich rin qua
bdo hoa c6 tac dung 1am cho t6 chic kém 6n dinh
truge. Pé lam dugc didu ndy, mau di duoc nung 1én
trang thai austenit nhim muc dich hoa tan mot ph?m
cac-bit hop kim tho to ban diu vao trong austenit.
Trong nghién clru nay, nhiét do austenit hoa dugc
thuc hién tai 970°C, gilt nhiét sau d6 lam ngudi ngoai
khong khi tinh. Giai doan 6n dinh nén va tiét cac-bit
tiép theo s& dugc thyc hién qua 2 budc gém: giltt &
nhiét do 650°C dé phan huy astenit du sau d6 mau
duogc nung 1én 700°C va gitra nhiét dé tiét cac-bit thir
cép nho min. béi véi hop kim gang Cr cao, nhiét do
t6i thiéu dé 6n dinh austenit khoang 650°C. Do do,
viéc gitr nhiét budc dau tai ving nhiét do nay sé giup
austenit du phan hiy dugc thuan lgi. Néu xtr 1y ¢
nhiét d thip hon, qué trinh phan hiy austenit s& doi
hoi thoi gian phai kéo dai khong mong muén Sau khi
nung va gitra nhit tai 650°C, qua trinh tiét cac-bit thir
cép tiép theo s& dugc khuyen khich tlen hanh & ving
nhiét d6 cang gan diém A cang tot Néu nhiét do
qua thip s& lam cham qua trinh tiét cac-bit nén thoi
gian giir nhiét s& phai rat dai. Trong khi néu nung &
nhiét d6 qua cao (trén A1), su Xuét xuét cla austenit
& ving nung trén nhiét do Acl c6 thé lam ting giGi
han hoa tan ctia cac-bon trong pha nén dan dén h¢
qua 1a giam kha nang tiét cac-bit thir cip nhu mong
mubn. Vi Iy do d6, trong trudong hop nay, hop kim
duogc xtr 1y tai nhiét d§ 700°C.

Trén hinh 3a, miu sau xir 1y nhiét cho thay da
c6 su phan b6 lai td chitc cua mau. Cac hat cac-bit so
cép tho to sinh ra sau diic da c6 su giam kich thudce ro
rét trong khi cac-bit thir cép phan bb nho min da dugc
tiét ra déu trén nén ferit cia hop kim. Két qua nhiéu
xa X-ray trén hinh 3b ciing xac nhan rang: cic-bit thir
cép tiét ra trong trudng hop nay van la Cr7C3 trong
khi nén hop kim 14 két qua ctia sy phan héa dung dich
ran austenit qué bdo hoa cic nguyén td cho phép tiét
ra cac-bit thir cap trén nén ferit [8].

Két qua quan sdt trén kinh hién vi dién tir quét
(SEM): dé quan sat rd hon sy tiét ra cac-bit thir cap
sau xir 1y nhiét. Cac mau sau duc va sau xur ly déu
dugc mang di quan sat t6 chuc trén kinh hién vi dién
tr quét Model JSM 7600F cta hang Oxford
Instrument. Két qua thé hién nhu trén hinh 4.

O muc do phoéng dai cao hon, két qua chyp anh
SEM ciia mau sau ddc trén hinh 4a cho thiy chi c6 su
ton tai ctia cac-bit Cr so cip trén nén austenit. Trong
khi d6, véi mong mudn tiét ra dugc cac-bit Cr thir cap
phan bd nho min, miu dd dugc tién hanh theo quy
trinh d& xuit nhu trong bang 2. Két qua chup anh
SEM ctia mau M3 trén hinh 4b thuc hién theo quy
trinh da ching minh dugc su tiét ra cdc-bit thi cép
(hat min mau sang) phan b nho min trén nén ferit.
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Nhu vay co thé kh?mg dinh muc tiéu dit ra ban dau la
sir dung quy trinh nhiét luyén theo dé xuat dé diéu
chinh lai sy phan bd cac-bit trong t chirc, qua d6 ha
thdp dugc do cimg mau sau diic 1a hoan toan phu hop.

4. Két luan

- Gang trang v6i ham lugng Cr cao (~29%Cr) ¢6
thé thuc hién @ mém nho di€u chinh dugc mic do
phan bd cac-bit thir cap Cr trén nén Ferit.

- Ml’;c do giam d6 cfrpg dat duoc trén 10HRC
sau dic néu gang duoc i mém theo quy trinh hai giai
doan gom: giai doan 1 thuc hién austenit héa & 970°C
trong 8h roi ngudi ngoai khong khi, giai doan 2 u tai
650°C trong 2h roi nung Ién 700°C trong 7 gio va
ngudi ngoai khong khi.
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