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TOM TAT 

Cdng trinh nghien cuu chi tgo thude hdn thieu ket he baza thdp (B^l, 1) bdng nguyen vgt 
lieu trong nude di hdn tu ddng dudi lap thude cdc kit cdu thep cacbon thdp vd thep hop kim thdp. 
Id vdn de khd cdp thiit trong linh vuc sdn xudt vgt lieu hdn. Trong cdng trinh ndy, ddn ra cdc kit qud 
nghien ciru su hgp kim hda kim logi mdi hdn bdng cdcferd hgp kim (Fe-Mn, Fe-Si) trong me lieu 
thude hdn hi baza thdp (nin tgo xi hdn Aluminate - Rutile - Basic) vd cdc phuang phdp xdc dinh 
hdm lugmg cdcferd hgp kim (Fe-Mn. Fe-Si) hgp ly dua vdo me lieu thude hdn. Cdc kit qud nghiin 
ciru da duac sit dung thiit ke mi lieu thuoc hdn thiiu kit baza thdp tuang duang logi F7A(P)2 theo 
tieu chudn AWSA5.17-80. 

Tir khda: Tdi tm hda; Thuoc hdn thiiu ket hi baza thdp; Thude hdn F7A(P)2-BK; Hgp kim 
hda; Hdn tu ddng dudi lap thuoc. 

ABSTRACT 

In this paper, the research on manufacturing the agglomerated neutral flux (B~I,I) using 
domestic raw materials for submerged arc welding (SAW) for the production of low-carbon steel 
and low-alloy steel is currently an urgent inssue manufacturing welding materials. This paper 
presents the results of the research on the alloying by elements Mn and Si in the welding slag 
by Aluminate - Rutile - Basic type on chemical composition in welded metal and were determined 
optimized contens of alloying elements in the mixtures of the agglomerated basic flux F7A(P)2 
according toAWSAS.17-80. 

Keywords: Optimization; Agglomerated basic flux; flux F7A(P)2-BK; Alloying; submerged 
arc welding (SAW). 
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L D ^ L T V A N D E 

Hi?n nay, d nude ta, nhilu linh vuc cong 
nghiep chl t̂ o kit cdu thep ling dung rpng rai 
cdng nghg han tu ddng dudi ldp thude. Tuy 
nhien, thude han cdn phai nhap khau. De dap 
ling nhu cdu cdp thilt ciia thuc tl va phat triln 
san xuat thude han thieu kit he baza de han cac 
ket cau thep yeu cSu chat lugng cao, bai bao nay 
trinh bay ket qua nghien ciiu hgp kim hoa kim 
loai mdi han trong nen tao xi han he thude han 
he baza thap. 

Muc ti^u va ndi dung nghidn cuu: 

Cdng trinh se nghien cuu su dich chuyen 
ciia cac nguyen td hgp kim thdng dung (Mn, Si) 
tu thude han thieu ket he baza thap d dang cac 
fero hgp kim (Fe-Mn, Fe-Si) vao kim loai mdi 
han. De thuc hien muc tieu nghien ciiu tren, npi 
dung nghien ciiu se giai quyet hai van de Idn sau 
day: 

+ Nghien cuu moi quan he giiia ty le cac 
ferd hgp kim (Fe-Mn, Fe-Si) dua vao me lieu 
thude han va ham lugng Mn va Si trong kim loai 
mdi han. 

+ Tdi uu hda ty le cac fero Fe-Mn, Fe-Si 
dua vao thanh phan me lieu thude han thieu k§t 
he baza thdp dam bao ham lugng Mn va Si trong 
kim loai mdi han yeu cau. 

2. DOI TlTpNG, V^T LIEU VA PHlTONG 
PHAP NGHIEN ClTU 

2.1. Doi tirong nghiSn cihi 

Nghien ciiu su dich chuyen ciia cac 
nguyen to hgp kim tiidng dung (Mn, Si) tii thuoc 
han thieu kit he baza thdp, tuong duong vdi loai 
thude ban F7A(P)2 theo tieu chuan cua Hiep hdi 
Han My AWS A5.17-80 duge ky hieu qui u6c la 
F7A(P)2-BK kit hgp vdi day han ELS. 

2.2. V^t lieu va thiet bi nghien cuu 

- Mau han la thep kit cdu han SM400B 
theo JIS G3106, kich thude theo ANSI/AWS 
B4.0. 

- Nguyen lieu diing de che tao thuoc han 
chu yeu sir dung ngudn nguyen lieu trong nude, 
trong do gdm ca cac ferd Fe-Mn, Fe-Si. 

- Day han ELS theo tieu chuan AWS 
A5.17-SO, ten thuong mai PREMIERWELD ELS 
ciia hang Lmcohi, dudng kinh day d=4,0 mm. 

Hinh 1. Mdu hdn kiem tra thdnh phdn hoa hgc kim 
logi moi hdn 

- Thilt bi nghien ciiu chu yeu la may han 
tu dgng dudi ldp thuoc cua hang Dosim DZIOOO. 

2.3. PhuoTig phap nghien ciru 

Phuang phap nghien ciiu ket hgp 
nghien ciiu ly thuylt va thuc nghiem. 

- LTng dung quy hoaeh thuc nghiem de 
xay dung quan he toan hgc giiia chi tieu thanh 
phdn hda hgc (%Mn, %Si) trong kim loai moi 
han phu thugc vao ty le cac ferd Fe-Mn, Fe-Si 
dua vao me lieu thuoc han. 

- Gidi thieu cac phuang phap cac dinh 
ham lugng cac ferd Fe-Mn, Fe-Si hgp ly dua vao 
me lieu thuoc han. 

- Md hinh nghien cuu cd dang tdng quat: 
y = f ( X ) , i = l - k 

Trong do: 
+ X - Cac biln ddu vao la ty le cac ferd 

Fe-Mn, Fe-Si frong thude han, %. '^ 
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+ Y- - Ham muc tieu la ham lugng Mn, 

Si trong kim loai mdi han, %. 
+ k - Sd bien so dau vao, trudng hgp nay 

k-2 . 

Nhu vay, trong trudng hgp nay c6 the md 

ta nhu sau: 

(%Mn, %Si) - f(%Fe-Mn, %Fe-Si) (1) 

De xay dung cac phuong trinh thuc 
nghiem (1) can lira ehpn mo hinh va xac dinh 
cac he sd cua phuong trinh hdi quy. 

3. KE HOACH THlTC NGHIEM 

3.1. Lua chon dang phuong trinh hdi quy: 

- Theo cac tai lieu [2, 6], cac md hinh 
tren cd dang da thiic bac 2 nhu sau: 

- Ham lugng Mn, Si dua vao vdi chiic 
nang hgp kim hda kun loai moi han, dam bao dat 
gia tri ve thanh phdn hda hpc va ca tinh kim loEii 
moi han yeu cau. 

- Chpn cac Fe-Mn, Fe-Si cd hieu qua va 
thdng dung d Viet Nam. 

• Tinh todn ty le sa bg: 

- Ty le va loai cac chat tao xi han dua 
theo sd lieu nghien cuu tdi uu hda cac chat nen 
tao xi thude han thieu ket he bazo thap d cdng 
trinh da cdng bd. Dua vao dd du tinh duge lugng 
dxi tdi da sinh ra tu thuoc han, trong trudng hgp 
nay chu yeu tu phan ling phan hiiy ciia CaCO^ 
(hoac ddldmit) trong thude han, se tinh duge 
ham lugng Fe-Mn va Fe-Si lam chat khtr, so do 
tinh toan chat khu theo tai lieu [1]. 

- Ty le Fe-Mn va Fe-Si de hgp kim hoa 
kim loai mdi han se ket hgp vdi loai day han. 

r,=b,-i-X^^,+t.^,^>+'L^^.^j (2) taoxi: 
Cac thi nghiem duge thuc hien tren nen 

Trong do: 

- X̂  va X. la gia tri eiia cac bien dau vao; 
- Y. la cac ham muc tieu; 

Y| - Mn trong kim loai mdi han, %; 
Yj - Si trong kim loai mdi han, %. 

3.2. Tinh toan so" bp ty le fero hop kim 

• Nguyin tdc tinh todn: 

Viec tinh toan so bg ty le cac ferd Fe-
Mn, Fe-Si dya theo cac chiic nang va yeu cdu co 
ban sau day: 

- Ham lugng Mn, Si dua vao dii d l khu 
lugng dxi sinh ra tir vat lieu han va khii cac tap 
chat c6 hai nhu luu huynh. 

(CaO + MgO) - A i p , - CaF^ - TiO^ 

Bdng 1. Ty le cdc nhdm chdt tgo xi cua thuoc hdn 
F7A(F)2-BK 

Ham lirong cac chat nen tao xi, % 
CaO + 
MgO 
20+24 

AI2O3 + 
MnO 
24+28 

CaF2 

8+10 

Ti02 + 
Si02 

30+34 

Sii dung loai Fe-Mn vdi Mn~80% va Fe-
Si vdi Si=^5%, da tinh toan duge ham lugng so 
bd d miic co sd ciia cac ferd hgp kim nhu sau: 

+ Fe-Mn: 6%. 
+ F . Si:4%. 

Cac chdt cdn lai (faoc gitrcd dinh khoang 8%. 
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3.3. Chon kl ho^ch thuc nghifm: 

De nghien ciiu md huih: Thanh phan -
tinh chat vdi tdng lugng cac biln ddu vao khdng 
vugt qua 20% cd the cho cac yeu td bien thien 
ddc lap, cac chat con lai trong me lieu thuoc ban 
duge giu vdi ty 1$ cd dinh. 

Ke hoaeh thuc nghiem duge chgn la 
ke hoaeh true giao hai miic tdi uu (bang 3), su 
tuong thich cua cac phuang trinh hdi quy duge 
danh gia theo chuan sd Fisher va the hien qua he 
sd tuong quan R^ [4]. 

Gia tri va khoang bien thien ciia cac yeu 
td theo bang 2. Cdn thdng sd che dp han thuc 
hien nhu bang 3. 

Bang 2. Khodng bien thien ciia cdc yeu td 

Bdng 4: Ke hogch thuc ngl i kit qud thi nghiem 

Cac bien so 

Miic tren 

Miic CO so 

Miic dual 

Khoang bien 
thien AZ, 

Bien t ime , % 
Fe-Mn 

Z i 
8 

6 

4 

2 

Fe-Si 
Zz 
6 

4 

2 

2 

Bien m a hoa 

X I 

+1 

0 

- 1 

Xi 

+1 

0 

- 1 

Bdng 3. Cdc thong sd che do hdn 

D u o n g 
kinh 
day 
han, 
m m 

4,0 

G i a t r i c a c t h o n g so c h l d o b a n 

Cucmg 

dp dong 
d ien 

han Ih, 
A 

700 

Dien 
a p h a n 

Uh, 
V 

32 

V a n 
toe 
han 
Vh, 

ipm/p 
h 

20 

T a m 
v d i 
dien 
cyc , 
n u n 

30 

Goc 
nghien 
g dien 

cyc 

0 

JV! thi 
nghigm 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gia trj bi^n 
thii-c,% 

Fe-Mn, 

4 

8 

4 

8 

4 

8 

6 

6 

6 

6 

6 

Fe-Si, 

Z , 
2 

2 

6 

6 

4 

4 

2 

6 

4 

4 

4 

Gia tr i 
bi^n ma 

hoa 

X, 

-1 

+1 

-1 

+1 

- 1 

+ 1 

0 

0 

0 

0 

0 

x= 
-1 

-1 

+1 

+1 

0 

0 

- 1 

+ 1 

0 

0 

0 

tieu,% 

Mn, 
Y, 

0.513 

1.188 

0.684 

1.387 

0.667 

1.293 

0.756 

1.107 

1.002 

0.986 

1.023 

Si,Y, 

0.435 

0.705 

1.173 

1.431 

0.813 

1.005 

0.498 

1.451 

0.904 

0.896 

0.934 

Hinh 2. Mdu hdn kiem tra bangquangphS 

4. KET QUA VA THAO LUAN 

4.1. X^y dung phumig trinh h^i quy 

Cac sd lieu thi nghiem duge xu ly bang 
phan mem chuyen dung, cho phep xac dinh duge 
cac he sd phuang trinh hdi quy va nhan duge cac 
ham muc tieu nhu sau: 

Mn = 0,9758 + 0,2571X^ + 0,0929X^ -
0,0185XiX, + 0,0129X,^- 0,0257X/ 

Vdi he sd tuong quan R^ = 0,974. 
S i -0 ,8487+ 0,1027X,+0,2941X2 + 
0,0294X,X^+ 0,0382X,H 0,0526X/ 

Vdi he so tuong quan R^ = 0,940. 

4.2. Bi^u diln cac dirdng dac tinh 

Dua vao cac phuang trinh hdi quy xay 
dung duge cac dudng dac tinh d dang 2D va 3D. 

- Ham lugng Mn frong kim loai mdi han 
phu thugc vao ty le Fe-Mn, Fe-Si trong thuoc han: ̂  
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Hinh 3. Hdm lugng Mn trong kim logi moi hdn phi^ 
thugc vdo %Fe-Mn trong thuoc hdn 

Hinh 4. Hdm lugrng Mn trong kim logi mdi hdn phu 
thugc vdo %Fe-Si trong thuoc hdn 

Hinh 5. Hdm lugng Mn kim logi mdi hdn phu thugc 
vdo %Fe-Mn vd %Fe-Si trong thuoc hdn 

- Ham lugng Si trong kim loai moi ban 
phu thugc vao ty le Fe-Mn, Fe-Si trong thude 
han: 

Hinh 6. Hdm lugng Si trong kim logi moi hdn phu 
thugc vdo %Fe-Si trong thude hdn 

Hinh 7. Hdm lugng Si trong kim logi mdi hdn phu 
thugc vdo %Fe-Mn trong thuoc hdn 

Hinh 8. Hdm lugng Si kim logi mdi hdn phu thugc 
vdo %Fe-Mn vd %Fe-Si trong thuoc hdn 

4.3. Thao lu^n 

Tu cac ket qua thu duge cho phep nit ra 
nhiing kSt luSn quan trgng sau: 

- Ham lugng cac nguyen td Mn, Si trong 
kim loai mdi han phu thuoc nhiSu vao cac fero 
Fe-Mn va Fe-Si trong me lieu thude han. 

- Miic do phii hgp ciia cac phuong 
trinh hdi qui cao, vdi cac he so tuong quan 
R^=0,94-K),97. 

- Dac tinh cua cac biSu dd he sd dich 
chuyen cua cac nguyen td hgp kim c6 su kliac 
nhau, da phan anh ^ ih hudng cua dg boat tinh 
hda hoc ciia thuoc han - xi ban baza thdp (B = 
1,1) den vai trd chat khii va hgp kim hda kim 
loai mdi ban qua thude han cua Mn va Si. 

4.4. Xac djnh ham lirgmg t6i ini 

4.4.1. Cdc diiu ki^n rdng bugc vd ham t6i uu: 

Vi^c xac dinh ty Ig cdc ferd hgp kim dua 
vao me lieu thude han bdng each giai bai toan tdi 
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ĴU cd rang huge thda man cdc ti^u chi ky thuat. 
Trudng hgp nay yeu cdu phai dam bao thanh 
phan hda hgc va co tinh kim logi mdi han. 

- Dieu kien tudng minh: 
4 % < Fe-Mn < 8%; 
2% < Fe-Si < 6%. 

- Dieu kien rang bugc va ham muc tieu 
ddi vdi lo^i thude ban F7A(P)2-BK cdn dap ling 
cac chi tieu sau day: 

1,0 < M n < 1,25% 
0,40 < Si < 0,70 % 

4.4.2. Kit qud tdi tm 

- Xdc dinh gid tri tdi uu bdng phdn m6m 
chuyen dung: Vdi cac di^u kien rang budc nhu 
tren nhan duge gid tri tdi uu va kSt qua kiim tra 
thuc te nhu sau: 

Bdng 5. Thdnh phdn hda hgc kim logi mdi hdn 

Gia tri 
theo cac 
pliwmg 

an 

T6iim 

Kidmtra 

Gia ti'i cac bien 
thuc, % 

F e ^ h i 

7,5 

7,5 

Fe-SI 

2,0 

2,0 

Ham lucmg 
Mn, Si trong 
kim logi mdi 

han, »/o 

Mn 

1,113 

1,018 

Si 

0,661 

0,488 

- Xac dinh b ^ g gian dd dang miic: Tu 
cac phuang trinh hdi quy xay dung cdc dudng 
dang miic. 

J ! ^ 

Hinh 10. Gidn do da muc xdc dinh % Si 

Gian do dang miic giiip cdc chuyen gia 
xac dinh nhanh ty le cdc fero Fe-Mn va Fe-Si 
dua vdo theo cac ham lugng Mn vd Si ySu cdu. 

Ket qua thii ca tinh kim loai mdi ban vdi 
thuoc hdn cd thdnh phdn cdc fero Fe-Mn va Fe-
Si tdi uu hdn vdi day ELS nhu sau: 

Bdng 6. Ca tinh kim logi moi hdn: 

Do l)^n 
chay 
MPa 

441,7 

Do bin 
kio, 
MPa 

530,2 

Dd gian dai 
tuong ddi, 

% 
23,75 

Cong va 
dSp, Jot 
-29'>C 

137 

Hinh 9. Gidn do dang muc xdc dinh % Mt. 

Cac mau thii theo tieu chuan ASTM 
£23:2002. 

5. KET LUAN 

- Khi ty le Fe-Si dua vao thdp, nhung 
gid tri Si trong kim loai mdi hdn vdn kha cao. 
Dieu ndy ed the duge giai thich bdi miic do hoan 
nguyen ddng ke ciia Si tii SiO^ trong xi ban bazo 
thap vdi ham lugng TiO^ cao da tang cudng cho 
qua trinh nay. Ddy la di^m khde biet so vdi xi 
han he bazo trung binh va eao. 

- Tu dd thi %Mn=f(%Fe-Si) cho thdy su 
hd trg ciia Si trong vai trd chat khu cd tac dung 
giiip tang ham lugng Mn trong kim loai m6i ban. 
Dieu nay rat quan trgng khi sii dung phdi hgp 
hai nguyen td tren de lam chdt khii va hgp kim 
hda kim loai mdi ban. ^ 
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- Cdc ket qua nghien ciiu duge su dung de thilt ki don thude ban F7A{P)2-BK dat thdnh 
phan hda hgc kim loai mdi ban gan diing vdi cdc ham lugng Mn vd Si du tinh theo cac phuang trinh 
hoi quy. 

- Cdc ket qud nghien ciiu trong bdo cao ndy cd y nghia bd sung ve he sd dich chuyen cua 
cac nguyen td Mn va Si tu thude hdn vao kim loai mdi hdn trong xi hdn bazo thdp vdi ham lugng 
TiOj cao. 

- Gidn dd ddng miic giiip cac chuyen gia xdc djnh nhanh va thuan tien ty le Fe-Mn va Fe-Si 
theo ham lugng Mn, Si yeu cdu nghien ciiu vd sdn xudt thude han.<* 
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