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(57) Sang ché dé cap dén san pham thép phii nhiing noéng bao gdm: san pham
thép; va 16p phii bao gdm 16p hop kim Zn-Al-Mg dugc bd tri trén bé mat cua
san pham thép, trong d6 16p hop kim Zn-Al-Mg bao gdbm pha Zn, pha Al, va pha
MgZn,, va chita pha hop chét lién kim loai Mg-Sn trong pha Zn, va 16p phu nay
co thanh phﬁn hoa hoc thdéa man thanh phﬁn trung binh da dugc xac dinh trudc,
tong ty 1& dién tich cua pha Al va pha MgZn, 16n hon hodc bang 70%, ty 1é dién
tich ctia pha Zn nho hon hodc bang 30%, gia tri trung binh cta cac chiéu dai chu
vi tich lily cua pha Al nhé hon 88mm/mm?, va téng s6 lan xuit hién cua pha Al

¢6 chiéu dai chu vi 16n hon hodc bang 50pm 1a nho hon 100.
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Linh vue ky thuat dwece dé cap
Sang ché dé cap dén san pham thép phu.
Tinh trang k§ thuit cia sang ché

Trong nhitng nim gan day, c6 nhu cau sir dung cac san pham thép nén khéac nhau
(cac san pham thép can duoc phi) 1am céc san phim thép phu. Ching han, mét truong
hop gia dinh 13 san phim thép chira mot lwong 16n céc nguyén t6 hop kim trong kim loai
nén va c6 cac tinh chit b& mit khac nhau (san phim thép rat bén kéo, san pham tam day
(nhu san phim tAm thép can néng), hodc san phdm twong tw)) dwgc sir dung lam san

pham thép nén.

Tuy nhién, muc dich 1au dai cta san pham thép phi nhiing néng 1a luén ludn tao
ra cac tim thép phu c6 16p hoan thién bé mit gidng nhau ma khong phu thudc vao cac

tinh chat cua kim loai nén.

Trong trudng hop trong do trang thai bé mat cua san pham thép thay doi, su
khong c6 16p phi ¢6 xu huéng xuit hién trén bé mat ctia 16p pha, su thién tich do hoa
rén c¢6 xu huéng xut hién & mot vi tri cu thé, d& dang gay ra cac khuyét tit & 16p hoan
thién bé mat (chéng han, cac khuyét tat 6 16p hoan thién bé mit nhu hoa vin loang 16 va

hoa van soc).

Dic biét, trong san phim thép phu loai da nguyén t (san pham thép phu chira
ba hodc nhidu nguyén t6 trong 16p phu) trong d6 hién twong hoa ran cia 1ép phi phirc
tap, cac khuyét tat & 16p hoan thién bé mat nhu vay thuong xdy ra nhiéu hon so véi san
pham thép phii Zn va san phim thép phii hai thanh phan. Do d6, viéc kiém soat 16p hoan

thién bé mit cua san phdm thép phu loai da nguyén t6 14 mot hang muc rat quan trong.

Dé lam phuong phap kiém soét 16p hoan thién bé mit, c6 phuong phap xir 1y so
bd san phim thép nén dé truyén 16p hoan thién bé mit dong déu dén san phdm thép phu,
nhu phuong phéap xtt Iy so bo gbm budc mai hoic tay gi kim loai nén. Ngoai ra, trong
qua trinh x1r Iy pht, con c6 phuong phép truyén 16p hoan thién bé mit dong déu dén san
pham thép phu bang cach kidm soat cac diéu kién 1am ngudi hodc bd sung cac luong

nho ctia cac hop phan nguyén t6 hop kim.
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Dic biét, dé truyén 16p hoan thién bé mat ddng déu dén san pham thép ph,
phuong phap tao ra cac vay kim loai thuong dugc thuc hién. Pé truyén 16p hoan thién
bé mit cu thé dén san pham thép phu, k¥ thuat tao ra cac vay kim loai trén tAm thép phu

trén co s¢ Al-Zn dugc st dung hién nay.

Céc san pham thép Galvalume dugc phé bién rong rdi trén thi truong 1a cac san
phdm thép ph trén co s& Al-Zn, va c6 16p hoan thién bé mdt dong déu nho sw hinh
thanh vay kim loai, diéu nay dan dén tac dung che giéu cac khuyét tat va loai tuong tu
tao ra trén bé mit cia 16p phil trong qué trinh sén xut va van chuyén c6 kiém soat.

Trong san pham thép phti trén co s& Al-Zn, vay kim loai duoc tao ra trudc tién
khi pha Al dugc phat trién tho trong 16p phu & trang thai trong do ndng d6 Al dt cao.

Ngoai cac san pham thép Galvalume, ngay ca trong truong hop cla cac san
pham thép phi1 Zn (san pham thép phii Zn nhiing, san pham thép pht Zn cho duong éng,
hodc loai twong tw), su hinh thanh vay kim loai ¢6 thé duoc thuc hién.

Trong san phém thép phu trén co s& Zn, vay kim loai dugc tao ra trude tién khi
pha Zn dugc phat trién tho trong 16p phi & trang thai trong do ndng do Zn du cao.

Chéng han, tai liéu sang ché 1 hodc tai liéu twong tu bdc 10 k thuét dé tao ra
cac vay kim loai trén san phim thép phu bang cch phat trién pha don ctia kim loai tinh
khiét nhu pha Al ho#ic pha Zn.

Tai ligu trich dan
Tai liéu sang ché

Tai liéu sang ché 1: Pon yéu cdu cap Bang doc quyén sang ché Nhat Ban (JP-
A) 6 2001-207249
Ban chét k§ thuat ciia sang ché
Vén dé k¥ thuat

Tuy nhién, n6i chung, trong trudng hop cua san pham thép phti 12 loai da nguyén
t chira mot lwong 16n céc nguyén tb va ¢6 16p phi c6 nong do Al thap (lugng Al nho
hon 35,0% khéi lugng) trong d6 pha Al khong thé chiém thé tich du trong 16p ph, s&

kho tao ra cac vay kim loai trén bé mit cta 16p phil. Ngay ca trong truong hop trong do
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cac vay kim loai c6 thé dugc tao ra, tac dung che giéu cac khuyét tat ¢ 16p hoan thién

bé mit 1a thap.

Do d6, muc dich cta sang ché 1a d& xuét san pham thép phu trong d6 cac vay
kim loai duoc tao ra va cac khuyét tat ¢ 16p hoan thién bé mit duogc che giéu hiéu qua
béi cac vay kim loai nay, mic dit san phdm thép phu c6 16p phu 1a loai da nguyén 6

chira it nhét Zn, Al, va Mg va c6 ndng dd Al nho hon 35,0% khdi luong.
Giai phap dé giai quyét van dé
Céc bién phap cu thé dé giai quyét van dé bao gdm céc khia canh sau day.

(1) San pham thép phu nhiing néng bao gdm: san pham thép; va 16p phu bao gdm 16p
hop kim Zn-Al-Mg dugc bé tri trén bé mit cia san pham thép nay,

trong d6 16p hop kim Zn-Al-Mg bao gbm pha Zn, pha Al, va pha MgZn, va
chira pha hop chét lién kim loai Mg-Sn trong pha Zn, va

16p phit gdm c6, dura trén co s& thanh phan trung binh va % khéi luong:
Zn: 16n hon hoac béng 45,00%;

Al: 16n hon 5,0% va nhé hon 35,0%;
Mg: 16m hon 3,0% va nhé hon 15,0%;
Sn: tr 0,01% dén nho hon 5,00%;

Bi: tir 0% dén nhé hon 1,0%;

In: tir 0% dén nhé hon 0,5%;

Ca: tir 0% dén nho hon 3,00%;

Y: tir 0% dén nhé hon 0,5%;

La: tir 0% dén nho hon 0,5%;

Ce: tir 0% dén nho hon 0,5%;

Si: tir 0% dén nho hon 2,5%;

Cr: tr 0% dén nho hon 0,25%;

Ti: tir 0% dén nho hon 0,25%;
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Ni: tir 0% dén nho hon 0,25%;
Co: tir 0% dén nhoé hon 0,25%;
V: tir 0% dén nho hon 0,25%;
Nb: tir 0% dén nho hon 0,25%;
Cu: tir 0% dén nho hon 0,25%;
Mn: tir 0% dén nho hon 0,25%;
Fe: tir 0% dén 5,0%;

Sr: tir 0% dén nho hon 0,5%;
Sb: tir 0% dén nhé hon 0,5%;
Pb: tir 0% dén nho hon 0,5%;
B: tir 0% dén nho hon 0,5%; va
cac tap chét, va

trong d6 16p phu nay c6 thanh phan hoa hoc thoa mén cac cong thic tir 1 dén 5

sau day:
cong thic 1: Bi+ In < Sn;
cong thiuc 2: Y + La + Ce < Ca;
cong thirc 3: 0 < Cr + Ti + Ni+ Co + V + Nb + Cu + Mn < 0,25;
cong thirc 4: 0 < Sr+ Sb+Pb+ B <0,5; va

cong thirc 5: 0,0034 x (Al)? +0,0964 x (Al) +2,4323 < (Mg) < -0,0062 x (Al)?
+0,65 x (Al) -0,0937,

trong do, trong cac cong thirc tir 1 dén 5 nay, m&i ky hiéu nguyén t 1a ham

luong cua moi nguyén to dua trén co s& % khoi luong,

trong d6, trong anh dién tir tn xa nguoc cua 16p hop kim Zn-Al-Mg thu duoc
trong truong hop trong d6 pham vi nhin thiy 1000pum x 700pm dugc quan sat bang kinh
hién vi dién tr quét & 46 phong dai 500 14n sau khi bé mit cua 16p hop kim Zn-Al-Mg

duoc ddnh béng dén mirc mot nira chidu day 16p, téng ty 1& dién tich cia pha Al va pha
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MgZn; 16n hon hodc bang 70%, va ty 1& dién tich cia pha Zn nho hon hodc bang 30%,

va

trong d6, trong anh dién tir tan xa nguoc cia 16p hop kim Zn-Al-Mg thu duoc
trong trudng hop trong d6 pham vi nhin thay 1000pum x 700um dugc quan sat bang kinh
hidn vi dién tir quét & do phong dai 500 1an sau khi bé mit cua 16p hop kim Zn-Al-Mg
dwoc danh bong dén muc d6 bang mot nira chiéu day 16p, gia tri trung binh clia cac chiéu
dai chu vi tich lity ctia pha Al nho hon 88mm/mm? va tdng s6 lan xuét hién clia pha Al

¢6 chidu dai chu vi 16n hon hodc bang 50um 1a nhé hon 100.

(2) San pham thép phi theo muc (1), trong d6, trong dnh dign tir tan xa nguoc cta 16p
pht thu duoc bang cach quan sat mat cit ngang cua lép phu, mat cit ngang dugc cat
theo huéng chidu diy, & pham vi nhin théy 250um x 700um va do phéng dai 500 lan
bing kinh hién vi dién ti quét, ty 1& clia cac chiéu dai bi chiém boi pha Al va pha MgZno
& phia bé mit ciia 16p hop kim Zn-Al-Mg (Lsurtuce), ty 1€ ctia cac chicu dai bi chiém bai
pha Al va pha MgZn; ¢ trung tim chiéu day cua 16p hop kim Zn-Al-Mg (Lmedium), V2 ty
16 ctia cac chidu dai bi chiém béi pha Al va pha MgZn, & phia san pham thép ctia 16p
hop kim Zn-Al-Mg (Lyoarder) thoa man céc cong thirc 6 va 7 sau day:

C@Ilg thirc 6: 0,90 < (Lsurface)/ (Lboarder); va

C@I’lg thuc 7: (Lmedium)/ (Lboarder> < 1:10
(3) San phdm thép phii theo muc (1) hodc (2), trong d6 16p phu co ndng d6 Mg 1én hon
hoac bé“lng 5%, dua trén co s¢ thanh phén trung binh va % khdi luong, va théa man cac
cong thuc tir 8 dén 11 sau day:

cong thirc 8: 0,01 <Sn <0,25;

cong thirc 9: 0,05 <Ca <0,5;

cong thizc 10: Sn + 0,02 < Ca trong truong hop trong d6 0,01 <Sn < 0,05; va

cong thirc 11: Sn < Ca trong trudng hop trong d6 0,05 < Sn <0,25;

trong do, trong cac cong thirc tir 8 dén 11 nay, mdi ky hiéu nguyén t6 12 ham
lugng ctia m3i nguyén t6 dya trén co s& % khoi luong.

Tac dung ¢6 1gi cuia sang ché

(O)]
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Theo sang ché, c6 thé tao ra san pham thép phil trong d6 cac vay kim loai duoc
tao ra va cac khuyét tat & 16p hoan thién bé mit dugc che giéu hiéu qua boi cac vay kim
loai nay, mic di san pham thép phu c¢6 16p phu 1a loai da nguyén t6 chira it nhét Zn, Al,

va Mg va c6 ndng d6 Al nhé hon 35,0% khbi lugng.
Mo ta vin tit cac hinh vé

Fig.1 12 anh dién t& tAn xa nguoc nhin dugc bang kinh hién vi dién tir quét
(scanning election microscopy, SEM) (49 phong dai: 500 l4n) thé hién mot vi du vé bé
mat cua 16p hgp kim Zn-Al-Mg cia san phim thép phu ciia séng ché (bé mit cta 16p

trén d6 cac vay kim loai dugc tao ra).

Fig.2 1 anh dién t tin xa ngugc SEM (do phong dai: 100 14n) thé hién mot vi
du vé bé mat ctia 16p hop kim Zn-Al-Mg cua san pham thép phu ctia sang ché (bé mit

cua lop trén d6 cac vay kim loai dugc tao ra).

Fig.3 1a 4nh dién tr tan xa ngugc SEM (d6 phong dai: 500 lén) thé hién mot vi
du v& mit cit ngang cta 16p hop kim Zn-Al-Mg cua san pham thép phil cua sang ché
(mit cat ngang cua 16p trén d6 cac vay kim loai duoc tao ra).

Fig.4 13 anh dién tir t4n xa ngugc SEM (d6 phéng dai: 500 1an) thé hién mot vi
du vé bé mit ctia 16p hop kim Zn-Al-Mg ciia mot san pham thép phu thong thuong (b
mit cia 16p trén d6 khong c6 vay kim loai dugc tao ra).

Fig.5 13 anh dién ti t4n xa nguge SEM (d6 phong dai: 500 1an) thé hién mot vi
du vé mit cét ngang cua 16p hop kim Zn-Al-Mg cia san pham thép phu thong thudng
(mit cit ngang cua 16p trén d6 khong c6 vay kim loai dwgc tao ra).

Fig.6A va Fig.6B 1a c4c so dd hoa vin d¢ giai thich phuong phép do ty 1¢ cla
c4c chidu dai bi chiém béi pha Al va pha MgZn,.

M0 ta chi tiét sang ché

Sau day, mot vi du cua sang ché s& duge mo ta.

Trong ban mo ta nay, dAu hiéu “%” ctia ham luong ctia mdi nguyén td ctia thanh
phan héa hoc c6 nghia 1a “% khéi lugng”.

I4
Ja S

Mot khoang bang s6 duogc bidu thi bang cach st dung tir “dén” co nghia la
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khoang bao goém cic gia tri bang s6 trudc va sau tir “dén” nhu 12 gi61 han dudi va gioi

han trén.

Mot khoang bang so khi gié tri bang s6 duoc mo ta trudc hodc sau tur “dén” duoc
thém vao cum tir “16n hon” hoic “nhé hon” c6 nghia 1a khoang khong bao gém gia tri

bang so d6 nhu 1a gidi han dudi hodc gidi han trén.

Ham lugng cua nguyén t5 cua thanh phﬁn hoéa hoc ¢c6 thé duoc biéu thi dudi

dang ndng d6 nguyén t6 (chang han, ndéng d6 Zn hoic nong d6 Mg).

Thuat ngit “budc” khong chi dé cap dén mot bude doc 1ap ma con dé cdp dén
budc khong duoc phan biét rd rang véi cac bude khac mién 1a dat duwoc muc dich dy

dinh cua budc do.

“X% hodc X + ky hiéu nguyén té (ching han, 19% Al hodc 19 Al)” cho biét
rang ndng d6 nguyén t6 dich 12 X% (ching han, ndng d6 Al1a 19%). Luu y rang ndng
d6 Zn duoc chi ra bang “X% hodc X + ky hiéu nguyén t6” 1a ndng do6 con lai. Chang
han, d4u hiéu “Zn-10A1-5,1Mg-0,1Ca” hodc dAu hiéu “Zn-10%Al-5,1%Mg-0,1%Ca”
¢6 nghfa 1 ndng do Al 1a 10%, néng do Mg 13 5,1%, néng dd Ca la 0,1%, va nong do

Zn 1a nong do con lai.

Thuat nglt “mat cit ngang ctia 16p” dung dé chi mat cit ngang thu dugc bang

cach cét 16p nay doc theo hudng chiéu day.

Thuat ngh “b& mit cua 16p” ding dé chi bé mat huéng ra phia ngoai cua tam
thép, bé mit dbi dién hudng chidu day cua 16p.

Thuat ngit “vay kim loai” 12 hoa van c6 mgt muc anh kim nhét dinh va trong d6
kiéu hoa van hinh hoc duoc tao ra béi phan ung hoa ran kim loai c6 thé nhén ra duoc

bf’mg mét thuong duoc lap di 1ap lai nhiéu lan.

San pham thép phu cua sang ché 14 san pham thép phu nhung néng bao gbm:
san pham thép; va 16p phu bao gdm 16p hop kim Zn-Al-Mg dugc bd tri trén bé mit cla
san pham thép, trong d6 16p hop kim Zn-Al-Mg bao gdm pha Zn, pha Al, va pha MgZn,
va chira pha hop chét lién kim loai Mg-Sn trong ‘pha Zn.

Hon nita, san pham thép phu cia sang ché c6 thanh phan trung binh da dugc xac

dinh trudc va thanh phén hoa hoc thoa man cac cong thire tur 1 dén 5, s& duoc mo ta sau
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day, bang cach d6 ngay ca trong trudng hop trong do san pham thép phil clia sing ché
¢ 16p phi 12 loai da nguyén té chita it nhét Zn, Al, va Mg va c6 nong do Al nhé hon
35,0% khéi lwong, van c6 thé thu dugc san pham thép phu trong d6 cac vay kim loai
duoc tao ra va cac khuyét tat ¢ 16p hoan thién bé mit dugc che giéu hiéu qua béi cac

vay kim loai nay.
O day, san pham thép phu clia sang ché d3 duoc tim ra béi cac phat hién sau day.

Trudc tién, san pham thép phu trén co s& Zn-Al-Mg da duoc sir dung chu yéu
cho 16p phi trén co s& Zn hi¢n nay ma c¢6 kha nang chbng an mon cao. Tuy nhién, dé
kidm soat 16p hoan thién bé mat vay kim loai, can thiét xem xét tac dong ciia Mg, chu
khong phai 1a san pham thép phil trén co s& Al-Zn (vay kim loai dugc tao ra boi sy phét
trién cua pha Al) dugc dic trung bdi san pham thép Galvalume thong thuong. Do dé,
chua tim ra dugc k§ thuat dé tao ra cac vay kim loai dé 1am cho 16p hoan thién bé mit

vay kim loai ddng nhit.

Vi viéc mo rong san xudt san pham thép phu trén co s& Zn-Al-Mg, céc loai
thép khac nhau da dugc st dung lam céc vét ligu nén cho 16p phu. Tuy nhién, khi nguyén
t6 khac véi Fe dugc chira trong thép dudi dang vt liéu nén cho 16p phu, su thay d6i 10p
hoan thién bé mit khong mong mudn c6 thé xay ra trén bé mit 16p phu, va co thé giy ra
cac khuyét tat & 16p hoan thién bé mit. Dic biét, cac vét ddm cuc bd va cac khuyét tat
d& théy trén bé mit 16p phu v6i dnh twong duong véi anh bé mit gwong kim loai. Trong
kiéu hoa vin vay kim loai dugc thé hién béi galvalume, cac vét ddm min, cac khuyét tat,

va loai twong tu it c6 thé nhén ra dugc hon so véi anh kim loai.

Trong san pham thép phti trén co s& Zn-Al-Mg, k¥ thuat dé tao ra cac vay kim
loai duoc thiét 1ap, dé co thé cung cép san pham thép phu trén co s¢ Zn-Al-Mg trong d6
d6 ddng nhit cia 16p hoan thién bé mit dugc bao dadm ma khong phu thudc vao cac hop
phﬁn cua kim loai nén. Do dé, ¢6 thé sur dung rat nhiéu loai thép, va ung dung cua san

pham thép phil trén co s& Zn-Al-Mg c6 thé dugc mé rong.
Nho sy nghién ciru boi cac tac gid sang ché, da thu duogc cac phat hién sau day.

Vung duge tao ra boi vay kim loai duge xac nhén bang cach san xuét san phém
thép phu trén co s& Zn-Al-Mg trong d6 mot loat cac thanh phan hop phan dugc thay d6i.

Trong trudong hop trong d6 thanh phan quanh dudng eutectic trong gian d6 pha duoc
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chon, ¢6 viung c6 thanh phén héa hoc ctia 16p phu trong d6 cac vay kim loai dugc tao ra

mot cach dé dang.

Trong truong hop trong do san pham thép phi dugc sdn xudt trong diéu kién da
dugc xac dinh trude véi thanh ph?m hoéa hoc da dugc xac dinh trudce, co thé tao ra cac
vay kim loai min dong déu trén tAm thép phu va san xuit dugc san pham thép phi trén
co 8O0 Zn-Al-Mg c6 16p hoan thién bé mat df)ng déu vuot troi & mic do co thé quan sat

duoc bing mat thudng.

No6i cach khac, trong truong hop trong d6 san pham thép pht dugc san Xuét
trong didu kién da duoc x4c dinh trude véi thanh phan héa hoc da dwgce xac dinh trude,
“cdu trac eutectic Al-MgZn,” gift cing mot vai trd nhu pha Al trén bé mat ctia 16p phu
dwoc tao ra trong 16p phit & mot ty 18 dién tich nhAt dinh, va phat trién vé phia bé mat
16p phu tir mat phan cach gitra 16p phu va san pham thép. Do do, c6 thé tao ra cac vay
kim loai min ddng déu trén tim thép phu, va co thé san xuét dwoc san pham thép phu
trén co s Zn-Al-Mg c6 16p hoan thién bé mat dong déu vuot trdi ¢ mire do c6 thé quan

sat duoc bang mat thuong,
Mot vi du cu thé cta né s& duge mo ta dudi day.

Chang han, trong truong hop trong do san pham thép phu trén co s& Zn-Al-Mg
(thanh phﬁn cua 16p phu: Zn-10%, 15%, 20% hodc 25%, Al-x%Mg-0,1% hodc 1,5%
Sn-) dwoc san xuét bang cach thay d6i ndong d6 Mg ctia 16p phu, c6 vung trong d6 vay
kim loai min ¢& pm (nghia 13, vay kim loai min khac véi vay kim loai s& duoc tao ra voi
¢O mm, nhu san phém thép phti trén co s& Al-Zn) dugc tao ra trén 16p hoan thién bé mat,
dac biét phy thude vao né)ng do Mg.

La két qua thu duoc bang cach thay dbi nong do Al va ndéng d6 Mg va xac nhin
chung, ving duoc tao ra béi cac vay kim loai min dugc tao ra trong vung thanh phén
gin v6i dudng eutectic pha 10ng trong gian d6 pha Zn-Al-Mg.

Trong khoang trong do ndng 46 Mg va ndng do Al khong thich hop, phan ting
hoa rén cua 16p phii khong xay ra trén duong eutectic ctia pha Al-pha MgZn, nén khong

¢6 vay kim loai dugc tao ra.

Hon nita, cac tac gia sang ché da nghién ciru chi tiet cau trac cua 1op phu trong
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d6 cac vay kim loai dugc tao ra. Do d6, da thu dugc cac phat hién duéi day.

Trudc tién, khi bé mat cta 16p phu dugc quan sat, trong “b& mat cia 16p phu”
trong d6 cac vay kim loai dugc tao ra, toan b pha Al-pha MgZn; tao ra cAu triic muogt
nhu 16ng to, va pha Al-MgZn; gidng canh hoa (vay kim loai) c6 kich thuéc c& pm duogc

tao ra trén bé mit (xem Fig.1 va Fig.2).

Trong “b& mit cua 16p phu”” trong d6 khong c6 vay kim loai dugc tao ra, pha Al
dang canh thd ¢6 mat (xem Fig.4), trong khi d6 trong “bé mat ctia 16p phu” trong d6 cac
vay kim loai duoc tao ra, khong c6 pha Al dang canh tho c6 mat, va toan bd bé mit bao

gdm pha Al-pha MgZn; min va pha Zn (xem Fig.1 va Fig.2).

Nhu duoc mo ta & trén, c6 su khic biét rd rét gilta pha Al-pha MgZn; va cac san
phém hién c6 dua trén so so tAt ca cac pha Al c6 kich thudc min va ty 1€ dién tich cua

pha Al-pha MgZn; (cAu trac muot nhu 16ng to) c6 mat trén bé mit cua 16p phu.

T cac phat hién nay, da nhan thdy rang, trong san pham thép phu cua sang ché,

cAu trac ciia 16p phii can phai c6, chang han, cac khia canh sau day.
- Khia canh v€ cau trac (1) -

Trong anh dién tir tAn xa ngugc cua 16p hop kim Zn-Al-Mg thu dugc trong
truong hop trong d6 pham vi nhin thdy 1000pum x 700pm dugc quan sat bang kinh hién
vi dién tr quét & d phong dai 500 14n sau khi bé mat cua 1ép hop kim Zn-Al-Mg duoc
danh béng dén mitc mot nira cia chiéu day 16p, tong ty 1¢ dién tich cua pha Al va pha

MgZn; 16n hon hodc bang 70%, va ty 1& dién tich ctia pha Zn nhé hon hoac bang 30%.
- Khia canh vé ciu tric (2) -

Trong anh dién tir tAn xa ngugc cla 16p hop kim Zn-Al-Mg thu duoc trong
trudong hop trong d6 pham vi nhin thiy 1000pm x 700pum dugc quan sat bang kinh hién
vi dién to quét & do phong dai 500 14n sau khi bé mit ctia 16p hop kim Zn-Al-Mg dugc
danh béng dén mirc mot nira cia chiéu day 16p, gia tri trung binh cta cdc chidu dai chu
vi tich lliy cua pha Al nho hon 88mm/mm? va téng s6 1an xuét hién cta pha Al c6 chiéu

dai chu vi 16n hon hodc bang 50um la nho hon 100.

Nhu duoc md ta & trén, di nhan thdy rang ngay ca trong trudong hop trong do

san pham thép phli cua séng ché c6 16p phu 1a loai da nguyén t6 chira it nhat Zn, Al, va
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Mg va c6 ndng d6 Al nhé hon 35,0% khéi lugng, co6 thé thu dugc san pham thép phu
trong d6 cac vay kim loai dugc tao ra va cac khuyét tat & 16p hoan thién bé mit duogc
che gidu hiéu qua béi cac vay kim loai.

Trong san pham thép pht trong d6 cc vay kim loai dugc tao ra, 16p hoan thién
bé mit thAm my duoc truyén cho 16p hoan thién bé mat cua bé mit cua 16p phu, va

khuyét tat dang ké & 16p hoan thién bé mit dwoc ngan chan.

Hon nita, khi mét cit ngang cta 16p phu dugc quan sat, trong “mét cat ngang
ctia 16p phi” trong d6 céc vay kim loai dugc tao ra, sy hinh thanh cua pha Al-pha MgZn,
bat dau tir mit phan cich giita san pham thép cua kim loai nén va 16p phi ciing nhu sy
phat trién xuyén thiu tir mit phan cach dén bé mat dugc xac nhan (xem mii tén trén
Fig.3).

Trong “mit cit ngang ctia 16p phii” trong d6 khong c6 vay kim loai dugc tao ra,
x4c nhan duoc rang pha Al-pha MgZn, dugc phat trién theo cac huéng ngiu nhién (xem
cac miii tén trén Fig.5).

Nhu dugc mo ta & trén, co sy khac biét ro rét vé hinh thai gifta pha Al-pha
MgZn; va cac san pham hién co.

- Khia canh vé céu tric (3) -

Lép hop kim Zn-Al-Mg bao gdm pha Al, pha MgZns, va pha Zn. Trong anh di¢n
tr tan xa ngugc cua 16p phu thu duoc bang cach quan sat mdt cit ngang cia 16p phu,
mit cit ngang dwoc cét theo hudng chiéu day, & pham vi nhin thdy 250pum x 700pm va
d6 phéng dai 500 14n bing kinh hién vi dién tr quét, ty 1& ctia cac chiéu dai bj chiém boi
pha Al va pha MgZn; ¢ phia bé mit cta 16p hop kim Zn-Al-Mg (Lsurface), ty 1€ clia cac
chiéu dai bi chiém bdi pha Al va pha MgZn; & trung tim chiéu day cta 16p hop kim Zn-
Al-Mg (Lunedium), V& ty 16 ctia cac chiéu dai bi chiém bdi pha Al va pha MgZn, ¢ phia san
phém thép cta 16p hop kim Zn-Al-Mg (Lbcarder) thoa mén céc cong thirc 6 va 7 sau day:

cong thire 6: 0,9 < (Lsurface)/(Lboarder); va

céng thuce 7: (Lmedium)/ (Lboarder) < 1, 1.

Trong Fig.1 dén Fig.5, Zn 12 pha Zn, Al 14 pha Al, va MgZn; 1a pha MgZn>.

Sau day, cac chi tiét ctia san pham thép phi cua sang ché s& duge mo ta.

11
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San phim thép

San phim thép dé dugc phi (& day con dugc goi 1a “vat liéu nén cho 16p phi)

s€ duoc mo ta.

V& co ban, hinh dang cua san pham thép t6t hon 1a dang tdm. Tuy nhién, sin
phém thép khong bi gii han dic biét mién 1a n6 1a san phim thép ma c6 thé dugc phu
bang phwong phap oxy héa-khur cling nhu déy thép, thanh thép, va 6ng thép. Cac vi du
vé san pham thép bao gdm cac san pham thép duoc sén xuét bang cach gia cong tao
hinh, han ho#c quy trinh twong tw, nhu céc vat liéu xay dung cong trinh dan dung bang
thép (nhu cac 6ng hang rao, cic éng gon song, cic nép day ranh thoat nuéc, tAm chin
cho cac tAm ngan cat bi gid théi, cac bu 10ng, Iudi kim loai, lan can bao vé, va cac vach
ngin nude), cac chi tiét cia dd dién gia dung (nhw vo cia cac hé théng diéu hoa khong
khi ngoai troi), va cac bo phan cua 6t6 (nhu cac chi tiét khung gam). Chang han, céc k§
thuat tao hinh déo khéac nhau, nhu dép, tao hinh béng truc can, udn, va dap co thé duoc

str dung dé gia cong tao hinh.

Vit lidu ctia san pham thép khong bi gi6i han dic biét. Ching han, cac san pham
thép khac nhau nhu thép tong hop, thép dugce phu so bd bang Ni, thép dugc 1am lang
béng Al, thép cacbon cuc thép, thép cacbon cao, cac thép rat bén kéo khac nhau, va mot

s6 thép hop kim cao (nhu thép chira nguyén t6 ting bén nhu Ni hodc Cr) 13 ¢6 san.

San phim thép khong bi gi6i han dac biét vé cc diéu kién d6i véi phuwong phap
san xuét san phdm thép, phwong phap san xuét tAim thép hodc phwong phéap tuong tu
(nhu phuong phép can néng, phuong phap ty gi bang axit, hodc phuong phap can

nguoi).

San phim thép c6 thé 1a san phdm thép phii so bd. San pham thép phu so bo thu
duoc bang, chang han, phuong phap xu 1y dién phan hodc phuong phép phu nhing.
Trong phuong phéap xtt Iy dién phén, san pham thép phu so bd thu dugc bang cach nhing
vét liéu nén cho 16p pht so bd trong bé sulphat hodc bé clorua chita cac ion kim loai c6
c4c thanh phan cua 16p phu so bo khac nhau va thyc hién qud trinh xu ly dién phan.
Trong phuong phap pht nhing, san pham thép phu so bd thu duoc bang cach nhing vat
liéu nén cho 16p phu trong dung dich nude chira cac ion kim loai ¢6 céc thanh phan ctia

16p phit so bd khac nhau va c6 o pH duoc didu chinh bang axit sulfuric dé thay thé kim
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loai, va két tia kim loai.

Céc vi du dai dién v& san pham thép phu so bd bao gbm cac thép dugc phu so

bd bang Ni, cic thép dugc pha so bd bang Fe, va cac thép dugc phii so bd bang Fe-Ni.
Lép phu
Tiép theo, 16p phu s& duge mo ta.

Lép pht bao gbm 16p hop kim Zn-Al-Mg. Lép phti nay c6 thé bao gdbm 16p hop
kim Al-Fe ngoai 16p hop kim Zn-Al-Mg. Lép hop kim Al-Fe duoc cung clp giita sin
phém thép va 16p hop kim Zn-Al-Mg.

Nghia 14, 16p phi ¢6 thé c6 cu trac don 16p gdm 16p hop kim Zn-Al-Mg hodc
ciu trac phan 16p bao gdm 16p hop kim Zn-Al-Mg va 16p hop kim Al-Fe. Trong truong
hop ctia cu tric phan 16p, 16p hop kim Zn-Al-Mg 1a 16p tao nén bé mit cua 16p phu.

V& vén dé nay, mic di mang oxit day khoang 50nm ctia nguyén to tao nén lop
kim loai dwoc phu dugc tao ra trén bé mét cua 16p phu, mang oxit nay mong so v6i chiéu

day cuia toan bo 16p phi va dugce coi la khong tuong ing véi 16p phu.

( day, chiéu day cua 16p hop kim Zn-Al-Mg, ching han, 16n hon hodc bang
2um va nho hon hosic bing 95um (¢t hon 1 16n hon hodc bang Spum va nho hon hodc

bang 75um).

Trong lac do, chiéu day cia toan bd 16p phu, chéﬁg han, nho hon hoic bang
khoang 100um. Do chiéu day cua toan bd 16p pht phu thudc vao cac diéu kién phu, gi6i
han trén va gidi han dudi cua chiéu day ctia toan bd 16p phu khong bi gidi han dac biét.
Chéng han, chidu day cua toan bd 16p phu lién quan t6i do nhot va trong lugng riéng
cia dung dich pht trong phuong phép pht nhing néng thong thuong. Hon nita, trong
luong phu duoc didu chinh bang tdc d6 kéo cua tAm thép (tAm nén ctia 16p phtt) va cudng

do gat. Do do, cho rang gidi han dudi cia chiéu day ciia toan bd 16p phu 1a khoang 2pm.
G day, do trong luong va do dong nhat cia kim loai clia 16p phu, 16p phi ¢6 thé
dwoc san xuét bang phwong phap phu nhing néng c6 chiéu day khoang 95um.
Chiéu day cta 16p pht co thé duoc tu do xéac dinh phy thudc vao tdc do kéo ra
khoi dung dich pht va céc didu kién gat, cho thiy rang su hinh thanh cia l6p phu co

chiéu day nam trong khoang tir 2 dén 95um khong dac biét khé khan v& mit san xuét.

13
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Tiép theo, thanh phan hoa hoc ctia 16p phu s& duge mo ta.

Thanh phan hop phan ctia 16p hop kim Zn-Al-Mg dugc chira trong 16p phu gan
nhu duoc duy tri ngay ca trong trudng hop trong dé ty I€ thanh phan hop phan cia dung
dich phi twong tmg véi 16p hop kim Zn-Al-Mg. Trong phuong phép phu nhung néng,
phén ng dé tao ra 16p hop kim Al-Fe dugc hoan thanh trong dung dich phu. Thong
thudng, su hinh thanh 16p hop kim Al-Fe nhu vay chi giy ra sy gidm nhe cac hop phan
Al va Zn cta 16p hop kim Zn-Al-Mg.

Ngay ca trong truong hop cta 16p phu la loai da nguyén tb chura it nhat Zn, Al,
va Mg va ¢6 nong do Al nhé hon 35,0% khdi lugng, thanh phan hoa hoc cta 16p phu la
nhu sau: dé nhén ra su hinh thanh cua cac vay kim loai va che gidu cac khuyét tat & 16p

hoan thién bé mat bdi cac vay kim loai.

Nghia 1a, thanh phan hoéa hoc ctia 16p phu bao gdm, dua trén co s¢ thanh phan
trung binh va % khdi luong:

Zn: 16n hon hoac bf?mg 45,00%;

Al: 16n hon 5,0% va nh6 hon 35,0%;
Mg: 16n hon 3,0% va nho hon 15,0%;
Sn: tr 0,01% dén nhé hon 5,00%;
Bi: tir 0% dén nho hon 1,0%;

In: tir 0% dén nho hon 0,5%;

Ca: tir 0% dén nhé hon 3,00%;

Y: tir 0% dén nhé hon 0,5%;

La: tir 0% dén nho hon 0,5%;

Ce: tir 0% dén nho hon 0,5%;

Si: tir 0% dén nho hon 2,5%;

Cr: tir 0% dén nho hon 0,25%;

Ti: tir 0% dén nho hon 0,25%;

Ni: tir 0% dén nhé hon 0,25%;
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Co: tir 0% dén nho hon 0,25%;
V: tir 0% dén nhé hon 0,25%;
Nb: tir 0% dén nhé hon 0,25%;
Cu: tir 0% dén nho hon 0,25%;
Mn: tir 0% dén nho hon 0,25%;
Fe: tir 0% dén 5,0%;

Sr: tir 0% dén nho hon 0,5%;
Sb: tir 0% dén nho hon 0,5%;
Pb: tir 0% dén nhé hon 0,5%;
B: tir 0% dén nhé hon 0,5%; va
c4c tap chat.

V& van dé nay, thanh phan héa hoc ctia 16p pht théa man céc cong thirc tir 1 dén

5 sau day:
cong thic 1: Bi+ In < Sn;
cong thirc 2: Y + La+ Ce < Ca;
cong thirc 3: Cr + Ti + Ni+ Co + V + Nb + Cu + Mn < 0,25;
cong thirc 4: 0 < Sr+ Sb+Pb + B <0,5; va

cong thirc 5: 0,0034 x (AD)? +0,0964 x (Al) + 2,4323 < (Mg) < -0,0062 x (Al)?
+0,65 x (Al) -0,0937;

trong do, trong cac cong thic tir 1 dén 5 nay, moi ky hiéu nguyén t6 13 ham

lwong ctia mdi nguyén to dua trén co s¢ % khoi lugng.

Trong thanh phén héa hoc cta 16p phy, Bi, In, Ca, Y, La, Ce, Si, Cr, Ti, Ni, Co,
V, Nb, Cu, Mn, Fe, Sr, Sb, Pb, va B 1a cac hop phﬁn tiy y. Nghia 13, ham luong cua cac
nguyén t6 ndy 1a 0%, va cac nguyén t6 nay khong can dugc chira trong 16p phu. Trong
truong hop trong d6 cac hop phan nay tity ¥ dugc chtra, ham lugng cla mdi trong sb cac

nguyén to tiy ¥ tdt hon 1a trong khodng duoc mé ta dudi day.
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( day, thanh phan héa hoc ciia 16p pht 13 thanh phan héa hoc trung binh cia
toan bd 16p phi (trong truong hop trong d6 16p phu co cAu trac don 16p cua 16p hop kim
Zn-Al-Mg, trudmg hop trong d6 16p phu c6 thanh phan hoa hoc trung binh cua 16p hop
kim Zn-Al-Mg va 16p pht co cAu trac phan 16p cua 16p hop kim Al-Fe va 16p hop kim
Zn-Al-Mg, hodc trudng hop trong d6 16p phu c6 thanh phan héa hoc trung binh cua 16p
hop kim Al-Fe va 16p hop kim Zn-Al-Mg dugc phdi hop v6i nhau).

Thong thudng, trong phuong phap pht nhing néng, thanh phan hoa hoc cta 16p
hop kim Zn-Al-Mg vé co ban 1a giéng nhu thanh phan héa hoc ctia dung dich phu do
phan tmg hinh thanh cta 16p phu gin nhu dugc hoan thanh trong dung dich phu trong
phin 16n moi trudng hop. Trong phuong phap phi nhung néng, 16p hop kim Al-Fe duoc
tao ra ngay lap tic va phat trién ngay sau khi dugc nhung trong dung dich phu. Phan
mg hinh thanh ctia 16p hop kim Al-Fe dugc hoan thanh trong dung dich phu, va chiéu
day cua 16p hop kim Al-Fe thuong nhé hon vira du so véi chidu day cta 16p hop kim
Zn-Al-Mg.

Do d6, trir khi qua trinh xir Iy nhiét ddc biét nhu qua trinh xir 1y nhiét gia
nhiét/hop kim hoa dugc thuc hién sau khi phu, thanh phﬁn hoa hoc trung binh cua toan
b6 16p phti v& co ban 1a bing thanh phdn héa hoc ciia 16p hop kim Zn-Al-Mg. C6 thé bo
qua céc hop phan cua 16p hop kim Al-Fe hodc tuong tu.

Sau day, mdi nguyén t6 cuia 16p phu s& dugc mo ta.

Zn: 16n hon hodc bang 45,00%

Zn la nguyén t5 can thiét ¢é dat duoc kha ning bao vé dn mon thay thé ciing
nhu kha ning chong dn mon bé mit phang. V& ndng d6 Zn xét theo ty 1& thanh phan
nguyén tu, vi 16p phu duoc cAu tao cung véi cac nguyén td c6 trong lugng riéng thp

nhw Al va Mg, Zn cAn phéi ¢6 ty 1¢ 16n nhét trong ty 1& thanh phan nguyén tir

Vi céc nguyén td khac can duge chira, 16p phu (16p pht trén co s¢ Zn) chu yéu
bao gdm Zn véi lugng 16n hon hodc bang 45,00%.

Khi ndng d6 Zn nhé hon 45,00%, diém néng chay cia dung dich phu ¢ xu
hudng tang, su khuéch tan Fe ra khoi kim loai nén trd nén c6 hiéu qua, va c6 xu huéng

khé duy tri 16p hoan thién bé mit cua ban thén vay kim loai ¢ vi tri thu nhét. Do do,
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néng d6 Zn dugc dat dén 16n hon hoic bang 45,00%. Nong d6 Zn t6t hon 1a 16n hon
hoic bang 70,00%. Gidi han trén cua ndng d6 Zn 14 ndng d6 ctia cac nguyén t6 khéac voi

Zn va phan con lai khic véi cac tap chét.
Al: 16n hon 5,0% va nho hon 35,0%

Al la nguyén t6 can thiét dé chira cac nguyén té khac ngoai trix Zn trong 16p phu
(dic biét 13, 16p Zn-Al-Mg). Truéc tién, cic nguyén t6 khac gan nhw khéng dugc chira
trong 16p phu Zn (16p Zn), va chang han, cic nguyén t5 nhu Mg, Ca, va Si khong thé
duoc bd sung & ndng do cao. Tuy nhién, Al dugc chira trong 16p phu Zn (16p Zn), nén
c6 thé tao ra 16p hop kim Zn-Al-Mg chira cac nguyén t6 nay.

Al tao ra pha Al truyén kha ning chéng an mon bé mit phang va kha ning bién
dang déo, va con gop phan hinh thanh 16p hop kim Al-Fe. Al 1a nguyén t6 cén thiét dé

dam bao tinh dinh bam.

Khi ndng d6 Al nhé hon hodc béng 5,0%, c6 xu hudng kho c6 16p phu chira cac
nguyén t6 hop kim truyén céc dic tinh, ngoai Mg va Ca. Hon nita, mat d6 Al thip dan
dén hinh thanh pha Al véi luvong pha 16n ddi v6i ham luong trén co s& khoi lugng so véi

Zn.

Do Al tao ra 181 cua vay kim loai nhu la mot pha cAu thanh chu yéu trong qua
trinh hinh thanh vay kim loai, gi¢i han dudi cua ndng do Al 1a can thiét. Khi ndng do Al
nhé hon hodc bang 5,0%, 16p hop kim Zn-Al-Mg ¢6 xu huéng chu yéu gdm co pha Zn.
Hon nira, pha Zn phat trién duéi dang tinh thé so cap, va do d6 khong co vay kim loai
dugc tao ra boi cAu trac muot nhu 16ng to cta 16p phu trén co s¢ Zn-Al-Mg. Do do,
ngay ca khi c4c vdy kim loai dugc tao ra, tdc dung che gidu cac khuyét tat & 16p hoan
thién b& mit boi cac vay kim loai 12 thip, va gi6i han dudi ctia ndng do Al 16n hon 5,0%.

Ngoai ra, diéu nay c6 thé dAn t6i sy giam dang ké khd ning chdng an mon bé
mit phing, tir quan diém cac tinh chat. Tl quan diém kha ning chdng an mon, khong
dwoc vu tién 1a pha Zn trd thanh pha thi nhét ctia 16p hop kim Zn-Al-Mg. Trong trudong
hop trong d6 pha Zn tr¢ thanh pha thu nhét nhu duoc mo ta sau day, cAu tric eutectic
bic ba Zn-Al-MgZn, c6 kha nang chbng dn mon bé mit phang kém va kha nang tao
hinh kém c6 thé duogc tao ra, dan dén xu huéng lam x4u di kha ning chbng an mon bé

mat phang va kha ning tao hinh.
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Ngoai ra, khi nong d6 Al nhé hon hodc bang 5,0%, pha MgZn; c6 kha nang bién
dang déo kém c6 xu huéng phat trién thd dudi dang tinh thé so cép trong 16p hop kim
Zn-Al-Mg, va kha nang tao hinh cta 16p phu ¢6 xu hudng x4u di dang ké.

Do d6, gi6i han dudi ctia ndng d6 Al duoc dit dén 16n hon 5,0% (t6t hon 13 lén

hon hodc bang 10,0%).

Ly do vi sao ndng dd Al ting 1a ciing mét 1y do nhur sy giam nodng d6 Zn da mod
ta & trén, va 1a diém nong chay cta dung dich phu c6 xu huéng tang, su khuéch tan Fe
ra khoi kim loai nén tré nén c6 hiéu qua, va cé xu huéng khé duy tri 16p hoan thién be

mat cuia ban than vay kim loai & vi tri thir nhét.

Tu quan didm céc tinh chat, ty 18 clia pha Al ting nhanh trong 16p hop kim Zn-
Al-Mg, va céc ty 1€ ciia pha Zn va pha MgZn; cAn thiét dé truyén kha ning bdo vé an
mon thay thé giam. Do d6, kha ning chéng 3n mon bé mit phang va kha nang tao hinh

duoc cai thién.

Tuy nhién, do sy ting ndng dd Al, cAu hinh tao ra gin véi ciu hinh thiéu kha
nang bao vé an mon thay thé. Hon nita, khi ndng dd Al ting qua muc, rat nhiéu nguyén
t6 duogc dua vao trong pha Al nhu dugc md ta ¢ trén, va do d6 pha Zn bao gdm pha hop
chit kim loai Mg-Sn khéng dugc tao ra. Trong truong hop trong d6 16p phu dugc tao ra
bang phuong phép pht nhing nong, chiéu day cua 16p hop kim Al-Fe c6 xu huéng tang.
Két qua 13, pha Al chtra cac luong 16n cia Mg va Zn, dan dén hinh thanh pha Al, c6 kha
ning chdng an mon va kha ning bién dang déo rat kém. Sy hinh thanh cia pha Al nhu
vay la khéng duge wu tién tir quan diém bao dam kha nang tao hinh.

Do do, gidi han trén cua néng do Al duoc dat dén nho hon 35,0% (tét hon la
nhé hon hoic bang 25,0%).

Mg: 16n hon 3,0% va nhé hon 15,0%

Mg ciing 1a nguyén t§ can thiét dé tao ra cac vay kim loai. Khi Mg dugc b sung
vio 16p phit, MgZn, 14 thanh phan chinh ca céc vay kim loai, Mg2Sn truyén kha ning
bao vé an mon thay thé dén 16p pht trén co s¢ Zn-Al-Mg, va tuong tu duoc tao ra. Tu
quan diém céc tinh chét, Mg 1a nguyén t6 cAn thiét dé truyén kha nang bao vé an mon

thay thé. Kha ning béo vé dn mon thay thé ctia pha MgZn; kém hon kha ning bao vé€ an
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mon thay thé ciia pha hop chét kim loai Mg-Sn, va pha MgZn; 14 pha hop chit lién kim
loai rat gion. Do d0, lugng cua pha MgZn; t5t hon 1 nhé tir quan diém tao hinh.

Khi nong @6 Mg nho hon hodc bang 3,0%, luong cta pha MgZn, dé tao ra cac
vay kim loai 1 khéng du. Hon nita, ngay ca trong truong hop trong d6 céc vay kim loai
duoc tao ra, tac dung che gidu cac khuyét tat & 16p hoan thién bé mat boi cac vay kim

loai 14 thap.

Hon nita, khong thé tao ra lugng du cua pha hop chét lién kim loai (pha hop
chét kim loai Mg-Sn va pha MgZn:) can thiét dé truyén kha ning chéng an mon bé mit
phing va bao v& &n mon thay thé. Ngoai ra, do lugng cia pha Zn ting, pha Zn tré thanh
pha thir nhat (ving két tua tinh thé so cép, va cac nguyén t6 hop phan cia cac vay kim
loai thay d6i. Ty 1€ cta cu tric eutectic bac ba Zn-Al-MgZn; tang, la khong dugc uu

tién tir quan diém kha ning tao hinh va kha nang chéng 3n mon.
Do d6, giéi han dudi cua ndéng d6 Mg duoc dat dén 16n hon 3,0%.

Xem xét luvong hinh thanh cta pha hop chit kim loai Mg-Sn, dugc wu tién la
ndéng do Mg du cao va Mg duge chira & n@)ng dd 16n hon hoac bang 1/3 ndéng d6 Sn dua
trén viéc tinh trong lugng riéng. Hon nita, tr quan diém kha nang chong dn mon bé mit
phang va kha ning bao vé dn mon thay thé, duoc vu tién 1a Mg duge chia & noéng do
16n hon hodc bing 1/3 ndng 46 Sn. Do d6, gidi han dudi ciia ndng dd Mg tot hon 1a 1on

hon 5,0%.

Trong truong hop trong do ndéng d6 Mg 1én hon hodc bang 15,0%, lugng cla
pha MgZn; ting nhanh. Trong truedong hop nay, ngay ca khi khong c6 pha Al lam 151 cua
cAu trac muot nhu 16ng to cua vay kim loai, pha MgZn, dé dang duoc tao ra dudi dang
tinh thé so cép, va 16p hoan thién bé mat ctia ban than vay kim loai bi hu hong.

Hon nita, tir quan diém c4c tinh chit, kha ning bién dang déo cta 16p hop kim
Zn-Al-Mg bi mét di, va kha ning tao hinh bi giam, |

Do d6, gi6i han trén ciia ndng do Mg dwoc dit dén nhé hon 15,0 (16t hon 1a nho
hon 12,5%, v tt hon nita 1a nho hon hodc bang 10,0%).

Sn: tir 0,01% dén nhé hon 5,00%, Bi: tir 0% dén nho hon 1,0%, In: tir 0% dén

nhé hon 0,5%, v6i diu kién théa man cong thirc 1: Bi +In < Sn

19



44979 20/91

Sn 13 nguyén t6 dugc bao gdm trong pha Zn va cAn thiét dé tao ra pha hop chét
kim loai Mg-Sn truyén kha niing bao vé an mon thay thé cao. O day, Sn, Bi, va In khong
tao ra pha hop chét lién kim loai cung v6i Al va Zn trong dung dich phu, va luén luon
lién két v6i Mg dé tao ra pha hop chét lién kim loai. Cu thé, trong trudong hop trong do
Sn, Bi, va In dugc chita riéng r&, Mg>Sn, MgoSns, Mg3Biz, va MgsIn dugc tao ra, twong
tng. Khi Sn, Bi, va In dugc chira & mirc 16n hon hoac bang 0,01%, su hinh thanh cua

pha hop chat lién kim loai nay duoc quan sat.

Céc nguyén t6 nay ciling dong vai tro trong sy hinh thanh vay kim loai. Cu thé,
ngoai Sn, Bi va In tao ra hop chét cing v6i Mg, va khi cac nguyén t6 nay c6 mit duéi
dang cac chét két tia trong qua trinh hoa ran, cAu trac eutectic dugc tao ra voi pha Zn,
pha long tré nén dn dinh. C6 thé ha thip nhiét do hoa rin cubi cing so véi trudng hop
trong d6 nhi€t 4o hoa rén cudi cing khéng gan vé6i khoang tir 5 dén 30°C. Pidu nay c6
nghia 1a sy hinh thanh cAu trac muot nhu 10ng to (vay kim loai) chu yéu bao gdm pha
MgZn; va pha Al cAn thei gian dai hon, va cAu triic mugt nhu 16ng to d& dang phat trién.
Két qué 13, d& dang thu duoc 16p hoan thién bé mét vay kim loai & rang. Méc du céu
trac muot nhu 16ng to duoc tao ra ngay ca khi Sn, Bi, va In khong dugc chira, dé dang
thu dugc 16p hoan thién bé mit vay kim loai v6i sy ¢ mat cia Sn, Bi, va In theo phuong

phép san xuat nay.

Luu ¥ rang hop chit duge tao ra tir Sn c6 thé ha thip diém noéng chay so véi Bi
va In. Cac tic dung nay dugc xac nhan khi Sn dugc chira ¢ ndng d6 0,01%. Hon nira,
khi Sn dugc chira ¢ ndng do 16n hon hodc bang 5,00%, pha Mg2Sn phat trién tho, va cac

hop chat nay che khuét sy hinh thanh vay kim loai va 16p hoan thién bé mdt b giam.

Hon nita, tr quan diém cac tinh cht, trong s6 cac pha hop chét lién kim loai,
Mg>Sn 1a vuot tro1 nhat khi xem xét dén su that 1a Mg>Sn c6 kha nang chéng &n mon bé
mit phang va kha ning bao vé an mon thay thé, va né dé dang dugc dua vao trong pha
Zn ma di mém dé duoc gia cong va c6 kha nang bién dang déo rat t6t. MgsBiz va MgsIn
hoi kém hon so véi MgeSn vé su can bang gifta c4c tinh chét nhu kha ning chéng in

mon bé mit phang, kha ning bao vé &n mon thay thé, va kha ning tao hinh.

Do 6, dbi v6i su hinh thanh it nhat Mg:Sn du6i dang pha hop chat kim loai

Mg-Sn, Sn 1a nguyén t6 can thiét va gidi han dudi cta ndéng do Sn dugc dit dén 16n hon
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hoic biang 0,01% (t6t hon 14 16n hon hodc bang 0,05%, va t5t hon nita 13 16n hon hodc

bang 3,00%).

Mac du Bi va In 1a cac nguyén td tuy ¥, khi Bi va In duge chira cing v6i Sn, Sn
trong MgzSn dugce thay thé mot phan béi Bi va In. Néi cach khac, pha MgSn dugce thay
thé (loai pha hop chét kim loai Mg-Sn) trong d6 Sn duogc thay thé mot phan boi it nhét
mdt trong s6 Bi hoic In dugc tao ra. Sy hinh thanh pha Mg>Sn dugc thay thé 1am cho
c6 kha ning didu chinh luong t61 wu ctia Mg s& duoc hoa tan dé truyén kha ning chéng
n mon bé mit phiang va kha ning bao vé dn mon thay thé. Dé tao ra pha Mg>Sn duoc
thay thé, Sn, Bi, va In can duogc chira trong céc diéu kién thoa man cong thirc 1: Bi + In
< Sn. Trir khi céc diéu kién duoc thoa man, MgsBiz, Mg:In hodc tuwong tu dugc tao ra
mot cach doc lap, dan dén su suy giam kha nang chéng dn mon bé mit phang va kha

nang tao hinh.

Trong trudng hop trong d6 Bi va In duoc chia, cac gidi han dudi cua mdi trong
s6 cac ndng d¢ Bi va In tdt hon 13 16n hon hodc bang 0,01%, tot hon nita 14 16n hon hodc
bing 0,05%, con tbt hon nita 14 16n hon hodc bang 0,1%, va tét nhat 1a 16n hon hogc

bang 0,3%.

Cac ham luong 16n cua Sn, Bi, va In gy ra sy ting ty 16 Mg dugc hoa tan ra
khoi 16p hop kim Zn-Al-Mg, va kha ndng chéng dn mon bé mit phang bi giam. Dic biét,
cac ham luong 16n ciia Bi va In 1am gidm kha nang tao hinh cta 16p phu. Do do, duoc
wu tién 1a cac nguyén 5 nay théa man Sn < 5,0%, Bi < 1,0% va In < 0,5% (t0t hon la,

Sn < 5,0%, Bi < 0,5%, va In < 0,3%), twong ung.

Ca: tir 0% dén nho hon 3,00%, Y: tr 0% dén nho hon 0,5%, La: tir 0% dén nho
hon 0,5%, Ce: tir 0% dén nho6 hon 0,5%, voi diéu kién thoa man cong thirc 2: cdng thitc
2:Y+La+Ce<Ca

Khi Ca dugc chira trong 16p phu, hop chét phan 16p trén co s& Al-Ca(-Si) duoc
tao ra trong vung 1an can ciia mét phan cach véi kim loai nén. Hop chit nay co diém
nong chay cao va dugc két tha trude tién trong qua trinh hoa ran 16p phu.

Khi 16p nay duge tao ra & mat phan cach giita 16p phu va kim loai nén, sy khuéch
tan Fe ra khoi kim loai nén véo trong 16p phu trong trang thai néng chéy trong qua trinh

hoéa rén duoc ngin chin, va su nhiém ban Fe trong cac hgp phén cua l6p phu co thé it
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xdy ra hon. Hon nita, c6 tac dung hity bo thong tin vé d6 nham nhu su gd ghé ciia bé
mat cua kim loai nén va trang thai hinh thanh cia mang oxy hoa. Két qua 1a, sy hinh
thanh vay kim loai c6 thé it bi anh huéng béi kim loai nén, va do d6 Ca tot hon l1a dwgc

chura.

Pi x4c nhan duoc rang hop chit phan 16p dugc tao ra trén mat phan cach voi

kim loai nén khi Ca dwoc chita & nong dd 0,05%.

Trong truong hop trong do6 ndng d6 Ca 16m hon hodc bang 3,00%, hop chét trén
co s& Al-Ca(-Si) giéng hinh kim khac biét voi hop chat phan 16p trén co s Al-Ca(-Si)
duoc tao ra véi luong 16m, dan dén céc vay kim loai khong 16 rang. Do do, néng do Ca

t6t hon 1a dugc dat dén nho hon 3,00%.

Céc tac dung tuong ty nay cling duoc x4c nhan d4i v6iY, La, va Ce. Cac nong

d6 ctia Y, La, va Ce tir 0 dn nhé hon 0,5%, va tot hon 14 tir 0,05 dén nho hon 0,5%.

Tir quan diém céc tinh chét, Mg trong Mg,Sn dugc thay thé mot phan béi Ca,
Y, La, va Ce. No6i cach khac, pha Mg2Sn duoc thay thé (loai pha hop chat kim loai Mg-
Sn) trong d6 Mg dugc thay thé mot phan boi it nhat mot trong s6 Ca, Y, La, hodc Ce
duoc tao ra. Sy hinh thanh pha Mg:Sn dugc thay thé cling 1am cho c6 kha nang diéu
chinh lwong t6i wu ctia Mg s& dugc hoa tan dé truyén kha ning chéng an mon bé mat

phing va kha ning bdo vé an mon thay thé.

Dé tao ra pha Mg,Sn duogc thay thé nay, duoc wu tién 1 gidi han dudi cua nong
dd Ca la 16n hon hodc bang 0,05%, giéi han dudi cua ndéng d6 Y 1a 16n hon hodc bang

0,1%, va gidi han dudi cua mdi nﬁ“mg d6 La va Ce 1a 16n hon hodc béng 0,1%.

Ham lugng Ca c6 thé 16n dén nho hon 3,00%, mdi trong s6 cac ham luong Y,
La, va Ce c6 thé 1&n dén nhé hon 0,5% (t6t hon 13 ham lugng Ca c6 thé 1én dén nho hon
hoac béng 1,00%, va mdi trong sb cac ham luong Y, La, va Ce c6 thé 1én dén nho hon
hoac bé“mg 0,3%). Khi céc néng do cna Ca, Y, La, va Ce vugt qua cac khoang nay, mdi
trong s6 cac nguyén td Ca, Y, La, va Ce c6 xu hudng tao ra pha hop chét lién kim loai
chi yéu dugce tao nén tlr cac nguyén t6 nay, din dén sy suy giam kha ning chdng dn mon
va kha nang tao hinh. Hon nira, can théa méin cong thirc 2: Y + La + Ce < Ca tu mdi
quan hé cua céc vi tri thé trong pha hop chit kim loai Mg-Sn. Trong trudng hop trong

d6 cac didu kién nay khong dwoc dap tmg, moi trong so cac nguyén t0 Y, La, va Ce tao
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ra pha hop chét lién kim loai chu yéu duoc tao nén tir cic nguyén t6 nay, va kha ning

chéng an mon bé mit phang cuc ky kém.

Tac dung cta sy thay thé nay lam cho Mg>Sn trai qua qua trinh thay d6i cu tric,
din dén kha nang bao v¢ an mon thay thé dai han vuot trdi. Mic du kho tao ra sy phan
biét rd rang gilta cac pha MgxSn dugc thay thé (cac pha MgSn dugc thay thé bao gdm
su thé bé‘\ng it nhat mot trong s6 céc nguyén td Bi, In, Ca, Y, La, hodc Ce), cho r:‘ng ty
16 Mg duogc hoa tan ra khoi pha MgaSn ¢co thé dugc kiém soat thich hop bang cach thay
thé bang nguyén t6 bit ky trong s6 cac nguyén t6 nay. Hon nita, cho rang viéc thay thé
bang nguyén té bat ky trong s6 cac nguyén t6 niay 1am cho pha MgaSn can dugc thay
dbi dé ¢o6 cAu trac MgeSns. Bi, In, Ca, Y, La, hoac Ce (dic biét Ca) dugc chira, lam cho
pha Mg>Sn dugc thay thé duogc tao ra mot cach don gidn, va con lam cho pha Mg>Sn ¢6
su thay ddi vé dang tinh thé cua no, béng cach do tao diéu kién thuén loi cho su hinh

thanh pha MgoSns.

Nhu duoc md ta & trén, trong truong hop trong d6 16p phu duoc thiét ké dé tao
ra kha nang bao vé an mon thay thé cao trong mot khoang thoi gian dai, dugc wu tién 1a

cho phép 16p phu chira cac nguyén t6 nay.
Si: tir 0% dén nho hon 2,5%

Khi Si cling dugc chua, hop chét di kém véi su hinh thanh cua 16p hop kim Al-
Fe (16p hop kim mat phén cach) duoc tao ra. Al va Ca dugc phéi hop dé tao ra hop chét
Al-Ca-Si. Khi Si dugc chira, hop chit Al-Ca-Si dé dang duogc thanh mdt 16p.

Ngay ca khi Ca khong dugc chira, c6 xu hudng 1a 16p Al-Fe-Si duoc tao ra gin
mat phan cach va sy khuéch tan cua Fe dugc ngin chan. Tac dung nay duoc xac nhan
khi ndng d6 Si 12 16n hon hodic bing 0,05%. Khi ndng dd Si 16n hon hodc béng 2,5%, Si
lién két véi Mg dé tao ra hop chét trén co sé Mg-Si, ma kim hdm sy hinh thanh vay kim

loai. Do d6, ndng do Si thich hop tot hon 1a tir 0,05 dén nho hon 2,5%.

Tir quan diém céc tinh chit, Si 1a nguyén t6 c6 kich thuc nguyén tir nho, va
mot lwgng nho Si tao ra dung dich rén gifta cac nt trong pha hop chét lién kim loai Mg-
Sn. Do d6, Si khong c¢6 tac dung nhu 1a nguyén t6 loai thay thé trong pha hop chat lién
kim loai Mg-Sn, so véi cdc nguyén tir nhu Ca, Y, La, Ce, Bi, va In, nhung tao ra dung

dich rén giira cac nit. Diéu nay giy ra mot s6 thay dbi vé cAu trac tinh thé ctia pha hop
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chit kim loai Mg-Sn (chang han, Mg;Sn, pha MgCaSn, hodc pha MgsSns) trong lic d6
céc chi tiét khong duge xac nhan. Mic du cac thay d6i nhoé vé ciu tric tinh thé khong
thé dwoc ghi lai boi phép nhiéu xa tia X (X-ray diffraction, XRD), kinh hién vi dién tir
truyén qua (transmission election microscope, TEM), hodc tuong tw, n6 thuong duoc
x4c nhan béi thiét bi vi phén tich ddu do dién tir (electron probe micro-analyis, EPMA)
rang Si duoc chira véi lugng nho duge xac dinh ¢ cing mot vi tri nhu pha hop chét kim

loai Mg-Sn.

N6i chung, biét dugc rang mot lwgng nho Si ¢6 tac dung kim ham sy phat trién
ctia 16p hop kim Al-Fe, va con c6 tac dung da dugc xac nhén la cai thién kha nang chéng
sn mon. Hon nita, Si tao ra dung dich ran giita cc nut trong 16p hop kim Al-Fe. Mo ta
chi tiét v& su hinh thanh ctia pha hop chét lién kim loai Al-Fe-Si hodc tuong tw trong 16p
hop kim Al Fe s€ dugc mo ta sau day.

Si ciing tao ra dung dich rin gita cac nut trong pha hop chat lién kim loai Ca-
Zn-Al. Tac dung tao ra dung dich rdn cua Si trong pha hop chét lién kim loai Ca-Zn-Al
chua duge xac nhan. Luong cua pha hop chat lién kim loai Ca-Zn-Al chira Si c6 xu
huéng giam twong déi trong 16p hop kim Zn-Al-Mg. D¢ tao ra 16p hop kim Zn-Al-Mg
tan dung loi thé ctia cac diu hiéu cla pha hop chét lién kim loai Ca-Zn-Al, dugc vu tién

1a nong dd Si dugc gidm xudng.

Si du 1am sup d6 chu tric dung dich ran cua pha hop chét kim loai Mg-Sn, din
dén hinh thanh pha hop chét lién kim loai nhu pha Mg,Si trong 16p hop kim Zn-Al-Mg.
Hon nita, trong truong hop trong do it nhat mot trong s6 Ca, Y, La, hogc Ce duoc chira,

pha hop chét lién kim loai nhu pha Ca,Si hodc MgsSi duoc tao ra.

Ngoai ra, Si tao ra mang oxit chira Si bén trén bé mit cua 16p hop kim Zn-Al-
Mg. Mang oxit chira Si ndy c6 cAu trac trong d6 16p hop kim Zn-Al-Mg c6 thé it bi hoa
tan, dan dén giam kha ning bao vé dn mon thay thé. Dic biét, su giam kha nang bao vé
n mon thay thé & giai doan ban d4u cta qué trinh an mon trudce khi hang rao mang oxit

chira Si sup d6 gy ra mot tac dong dang ké.

Do d6, ndng d6 Si nho hon 2,5%. Néng do Si ot hon 1a nhé hon 0,5% va tot
hon nita 12 nhé hon 0,3% tir quan diém kha ning chéng an mon bé mit phang va kha

ning bao vé an mon thay the.
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O day, Si tao ra dung dich rn trong pha hop chat kim loai Mg-Sn, ma 1a dung
dich ran gifta cac nut trong pha hop chét kim loai Mg-Sn. Do d6, khi Si dugc hoa tan
rén trong pha hop chat lién kim loai Mg-Sn, cAu truc tinh thé cta pha hop chét kim loai
Mg-Sn bi xo0én, cho phép phat hién bang XRD hoic phuong phap twong tu. Déi voi muc
dich nay, duogc wu tién 13 Si dugc chira trong 16p phu ¢ ndng d6 ctia 16n hon hodc bing
0,05%. Khi ndng d6 Si 16n hon hodic bing 0,05%, Si dugc chira trong pha hop chét kim
loai Mg-Sn tré nén bio hoa. Ngay ca khi Si duoc chira trong pha hop chét lién kim loai
Mg-Sn, kha nang bao v¢ an mon thay thé duoc bao dam trong qué trinh an mon 1au dai.
Pic biét, duoc tién 1a c6 xu hudng Si duge chia trong pha hop chét kim loai Mg-Sn dya
vao kha nang chdng dn mon trong phan duoc gia cong. Tuong tu, duoc wu tién la co xu
hudng dua vao kha nang bao vé an mon thay thé (dic biét kha ning chéng dn mon d6i

v&i bé mat dau duogc cat).

Cr: tir 0% dén nhé hon 0,25%, Ti: tir 0% dén nhé hon 0,25%, Ni: tir 0% dén nho
hon 0,25%, Co: tir 0% dén nhé hon 0,25%, V: tit 0% dén nho hon 0,25%, Nb: tir 0%
dén nh6 hon 0,25%, Cu: tir 0% dén nhé hon 0,25%, Mn: tir 0% dén nho hon 0,25%, véi
didu kién thoa mén cong thic 3: 0 < Cr+Ti + Ni+ Co + V+Nb + Cu+ Mn <0,25

Mic du cac lwong nho cua Cr, Ti, Ni, Co, V, Nb, Cu, va Mn khong dugc xac
nhén dé co tac dung rd rét 1én sy hinh thanh vay kim loai, cic nguyén t6 nay c6 thé duoc
chira trong 16p phu ¢ cac nong do thap. Cho rang cac ham lugng 16n cla cac nguyén td
ndy gay ra su hinh thanh cua hop chit lién kim loai va anh huong bt loi dén cac vay

kim loai, va khoang ndng dd thich hop ctia c4c nguyén t5 nay 1a tir 0 dén 0,25%.

Tir quan diém cac tinh chét, Sn trong Mg>Sn dugc thay thé mot phan bai cac
luong nho cta Cr, Ti, Ni, Co, V, Nb, Cu, vd Mn. No6i cach khac, pha Mg2Sn duoc thay
thé (loai pha hop chét lién kim loai Mg-Sn) trong d6 Sn duoc thay thé mot phan béi it
nhét mot trong s6 Cr, Ti, Ni, Co, V, Nb, Cu, hodc Mn dugc tao ra. Nong do cua ndng d6
nguyén t6 bat ky trong s6 cac nong d6 nguyén t6 ndy can phai thip hon ndéng do Sn.
Kho xac nhan mot su thay ddi 16 rang vé kha niang bdo vé dn mon thay thé, dﬁqc quan
sat trong, chang han, pha MgzSn dugc thay thé (loai pha hop chét kim loai Mg-Sn) bao
g(‘im su thay thé Sn bé“mg Ca, Y, La, Ce, Bi, hodc In. Tuy nhién, Sn dugc thay thé nhu

trén con lién két voi mot Mg khac dé tao ra pha hop chét kim loai Mg-Sn, va diéu nay
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cho phép tong lugng ciia pha hop chét kim loai Mg-Sn ting. Ngoai ra, vi ¢6 thé ting Mg
cin duogc tiéu thu dé hinh thanh pha hop chit kim loai Mg-Sn, tc dung bio vé an mon

thay thé ting nhe, va thé an mon c6 xu huéng dich chuyén sang phia thAp hon twong dbi.

Luu ¥ rang lugng cia Sn ma c6 thé duoc thay thé duoc gi6i han. Trong trudng
hop trong d6 ndng d6 ctia nguyén tb bat ky trong sd cac nguyén t6 nay trd nén 16m hon
hoic bang 0,25% hoic tong ndng do ciia chung khong théa man Cr+ Ti + Ni+ Co +V
+Nb + Cu + Mn < 0,25, pha hop chét lién kim loai chu yéu gdm cac nguyén t6 dugc
chira dugc tao ra chtt khong phai la pha hop chit kim loai Mg-Sn. Piéu ndy lam cho
khong thé bao dam sy hinh thanh du cta pha hop chét lién kim loai Mg-Sn. Chang han,
pha hop chét lién kim loai chi chira mot nguyén td Mg, nhu pha MgCuz, dugc tao ra,
lam giam kha nang bao v¢ an mon thay thé. Ngoai ra, phan Gng két hop dién ra, va kha

ning chong in mon ciing gidm manh. Kha nang tao hinh ciing tré nén kem.

Do do, cac néng d6 cua Cr, Ti, Ni, Co, V, Nb, Cu, va Mn dugc dat dén nho6 hon
0,25% sao cho cong thirc 3: 0 < Cr + Ti + Ni+ Co + V + Nb + Cu + Mn < 0,25 duoc

thoa man.
Fe: tir 0% dén 5,0%

Trong truong hop trong do6 16p phu dugc tao ra bang phuong phép pht nhing
néng, ndng do Fe nhét dinh duoc chira trong 16p hop kim Zn-Al-Mg va 16p hop kim Al-
Fe.

D3 x4c nhan duoc rang Fe duogc chira trong 16p phu (dac biét 1a 16p hop kim Zn-
Al-Mg) & ndng d6 ctia 1én dén 5,0% khong anh hudng bat loi dén cac tinh chat. Trong
nhiéu trudng hop, do Fe chu yéu duoc chira trong 16p hop kim Al-Fe, nbéng d6 Fe thuong
tang khi chiéu day cua 16p ndy ting.

Nong d6 Fe phan 16n phy thudc vao chiéu day cta 16p phu dugce tao ra trén bé
mat ctia san pham thép. Nghia 14, khi chiéu day cua 16p phu nho, phan Fe phan ung voi
kim loai nén tang tuong ddi trong 16p phu, va do do phén Fe dat 0,1% va co thé dat
khodng 5,0% gn mit phan cach. Lép pha c6 chiéu day nho hon 10pm co thé chira
khoéang 1% Fe. Trong 16p pht co chiéu day 16n hon hodc bang 10pum, sy anh hudng cia
16p dé phan mg gifra kim loai nén va 16p phti gidm, sy anh huong cua hop phan dung

dich pht tang, va ndng do ctia Fe n6i chung 1a giam. Thong thuong, ndng do ctia Fe nho
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hon 1%, va ndng d6 ctia Fe trong 16p phu c6 chiéu day 20um thudng khoang 0,1%.

G161 han duéi cua néng do cua Fe co thé 16n hon hoic béng 0,05%, 16n hon

hodc bing 0,08%, hoic 16n hon hodc bang 0,10%.

Sr: tir 0% dén nhé hon 0,5%, Sb: tir 0% dén nhé hon 0,5%, Pb: tir 0% dén nho
hon 0,5%, B: tit 0% dén nho hon 0,5%, véi diéu kién thoa man cong thirc 4: 0 < Sr+ Sb
+Pb+B<0,5

Cac tac dung chi tiét ctia Sr, Sb, Pb, va B chua duoc biét dén, nhung khi Sr, Sb,
Pb, va B duoc chira, vay kim loai trd nén rd rét. Cho rang cac hat min tré thanh nhan
ctia vay kim loai. Twong d6i d& dang cho phép cac nguyén t6 nay dwoc hoa tan trong
dung dich phu cing véi Cr, Ti, Ni, Co, V, Nb, va Mn (tuy nhién, Cu dugc loai trr). Khi
cac luwong 16n cua Sr, Sb, Pb, va B duoc chira, hop chét lién kim loai duoc tao ra va vay
kim loai tr& nén khong 16, nén khoang ndng do nguyén t4 thich hop 1a tir 0 dén nho hon

0,5%.

Twr quan diém céc tinh chét, chua biét dén cach ma Sr, Sb, Pb, va B anh hudng
dén sy hinh thanh pha hop chét lién kim loai nhu pha hop chét kim loai Mg-Sn. Céc
luong nho cta cac nguyén t6 nay co thé dugc hoa tan ran trong pha Zn trong 16p hop
kim Zn-Al-Mg va c6 thé ciing dugc phat hién trong pha hop chét kim loai Mg-Sn. Do
d6, cac nguyén t6 niy co thé d6ng vai trd nhu nguyén t6 thay thé. Pac biét, mic du
khong quan sat thdy rang cdc nguyén t6 nay gy ra cic thay d6i vé cac tinh chat, cac
nguyén t6 ndy c6 thé thay ddi 16p hoan thién bé mat ctia 16p phi, bing cach d6 cho phép

hoa van vay kim loai dugc tao ra trén bé mit cua 1ép phu.

Khi néng d6 ctia mdi trong sd cac nguyén té nay 16n hon hodc bang 0,5%,
nguyén t6 nay khong thé duoc hoa tan rén trong pha Zn, mic du n6 khong anh hudng
dén sy hinh thanh pha hop chét kim loai Mg-Sn. Do d6, cac pha hop chat lién kim loai
khac dugc tao ra, dan dén sy suy gidm kha ning tao hinh va kha nang chéng n mon.

Do d6, cac ndng dd caa Sr, Sb, Pb, va B dugc dat dén nho hon 0,5%. Ngoai ra,
cing can thoa man cong thitc 4: 0 < Sr+ Sb +Pb + B < 0,5 la chi sd ngin can sy thay
thé dé hinh thanh pha hop chét lién kim loai Mg-Sn trong lac d6 tao diéu kién thuan loi
cho su hinh thanh pha hgp chét lién kim loai.
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Céc tap chét

Céc tap chét 1a cac hop phan dugc chira trong cdc nguyén liéu ban d4u hodc
duogc tron trong cac budce san xuat ma khong du dinh bd sung cac hop phan nhu vay.
Chéng han, cac luong nhé cta cac hop ph?ln khac véi Fe duoc tron mot cach ngau nhién
dudi dang céc tap chat trong 16p phu do su khuéch tan nguyén tir gifta san pham thép

(kim loai nén) va dung dich phu.

Cong thiic 5: 0,0034 x (AP +0,0964 x (Al) +2,4323 < (Mg) < -0,0062 x (Al)?
+0,65 x (Al) -0,0937;

Ving duoc tao ra bdi cac vay kim loai min dugc tao ra trong vung thanh ph?m
gan voi dudng eutectic pha 16ng trong gian d6 pha Zn-Al-Mg. No6i cach khac, moi lién
hé gitta ndng d6 Al va ndng d6 Mg trong 16p phu can 14 ving thanh phéan gan véi duong

eutectic pha long trong gian d6 pha Zn-Al-Mg.

Khi ndng d6 Mg nho hon “0,0034 x (Al)* + 0,0964 x (Al) +2,4323”, phan ung
hoa rin cua 16p phu khong xay ra trén duong eutectic cua pha Al-pha MgZn, nén khong
c6 vay kim loai duoc tao ra. Ngay cé trong truong hop trong d6 cac vay kim loai dugc
tao ra, tac dung che gidu cac khuyét tat & 16p hoan thién bé mat boi cac vay kim loai nay
14 thép.

Tuong tu, khi néng do Mg vuot qua “-0,0062 x (AD)? + 0,65 x (Al) - 0,0937”,
phan ung hoa ran cua 16p phit khong hoa rin trén duong eutectic cia pha Al-pha MgZn,
nén khong co6 vay kim loai dugc tao ra. Ngay ca trong truong hop trong do cac vay kim
loai dugc tao ra, tac dung che giéu cac khuyét tat ¢ 16p hoan thién bé mat boi cac vay
kim loai 1a thap.

Do d6, trong thanh phan hoéa hoc cta 16p phu 14 loai da nguyén t6 chira it nhét
Zn, Al, va Mg va co ndng dd Al nhé hon 35,0% khéi lwong, cAn phai thoa man cong
thire 5: 0,0034 x (Al)? +0,0964 x (Al) +2,4323 < (Mg) <-0,0062 x (Al)? + 0,65 x (Al)

-0,0937, dé tao ra cac vay kim loai min.
Tiép theo, cac pha tao nén 16p hop kim Zn-Al-Mg s& duoc md ta.

Puoc uu tién 12 16p hop kim Zn-Al-Mg bao gdm pha Zn, pha Al, va pha MgZns,
va chtra pha hop chét lién kim loai Mg-Sn trong pha Zn. Nghia 13, pha hop chat lién kim
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loai Mg-Sn dugc chira (nghia 13, duoc bao gdm) trong pha Zn.

Khi pha hop chét lién kim loai Mg-Sn ¢6 mit trong pha Zn cta 16p hop kim Zn-

Al-Mg, kha ning chéng in mon dugc tao ra & muc cao.

§ day, pha hop chat lién kim loai Mg-Sn bao gbm cac pha hop chét lién kim
loai twong Gng vai céc pha tir (1) dén (5) sau day. Luu y rang pha hop chét lién kim loai
Mg-Sn c6 thé tao ra dung dich ran giita cic nit véi nguyén t6 nhu Si.

(1) pha Mg2Sn

(2) pha MgoSns

(3) pha Mg>Sn va pha MgoSns duoc thay thé (pha Mg>Sn va pha MgoeSns dudi
dang pha dugc thay thé) trong d6 Sn dugc thay thé mot phan béi it nhat mot trong s6
cac nguyén t6 Bi, In, Cr, Ti, Ni, Co, V, Nb, Cu, hoic Mn

(4) pha MgzSn va pha MgeSns duoc thay thé (pha Mg2Sn va pha MgeSns dudi
dang pha duogc thay thé) trong d6 Mg dugc thay thé mot phan bai it nh4t mot trong sb

cac nguyén td Ca, Y, La, hoic Ce

(5) pha Mg:Sn va pha MgoSns dugc thay thé (pha Mg>Sn va pha MgeSns dudi
dang pha duogc thay thé) trong d6 Mg dugc thay thé mot phan bai it nhét mot trong s6
cac nguyén td Ca, Y, La, hodc Ce, va Sn duoc thay thé mot phén béi it nhit mot trong
sd cac nguyén t6 Bi, In, Cr, Ti, Ni, Co, V, Nb, Cu, hoac Mn

Céac pha dugc thay thé ndy ctia pha Mg>Sn va pha MgoSns co thé duoc goi chung
1a “pha dugc thay thé cta pha MgSn”.

Pha hop chét lién kim loai Mg-Sn trong 16p hop kim Zn-Al-Mg c6 thé duoc xac
nhan bing phép phan tich nhidu xa tia X (XRD) bang cach st dung tia Cu-Ka. Pha hop
chét lién kim loai Mg-Sn trong pha Zn ¢ thé dugc xac nhan bang cach quan sat hinh
anh tan xa ngugc chum dién tur bang kinh hién vi dién ti quét-phd tia X phén tan ning
luong (scanning election microscopy-Energy Dispersive X-ray spectroscopy, SEM-
EDS) khi phan doan dién tich cua moi pha duge mo ta sau day duoc xéc dinh.

Céc chi tiét ctia phép phan tich nhiéu xa tia X (XRD) la nhu sau.

Thong thuong, dinh nhiéu xa ctia Mg,Sn trong XRD duoc thé hién boi, ching
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han, cac thé JCPDS: PDF# 00-007-0274, #00-006-0190, va #00-002-1087. Tuy nhién,
trong 16p hop kim Zn-Al-Mg, dinh nhiéu xa t61 wu dé nhan dang pha hop chét lién kim
loai Mg-Sn 1a dinh nhiéu xa & 22,8° khong chéng lép céc dinh nhiéu xa cua pha Zn, pha
MgZn,, va pha Al. Ngoai dinh nhidu xa & 22,8°, cac dinh nhiéu xa c6 lgi dugc s dung
dé nhan dang pha hop chét lién kim loai Mg-Sn 1a céc dinh nhiéu xa & 23,3° va 24,2°,
ma khong chdng 14p cac dinh nhidu xa ciia cac pha hop phan khac cua 16p phu va thuan

tién dé nhan dang hop kim Zn-Al-Mg.

Cu thé, khi dua trén anh nhiéu xa tia X cta bé mit cua 16p hop kim Zn-Al-Mg,
anh nay dwoc do bang cach sir dung tia Cu-Ko voi dau ra tia X 0 40kV va 150mA, cuong
do I (pha hop chét lién kim loai Mg-Sn) = I (cuong dd (cps) ¢ 22,8°) la 16n hon hodc
bang 1000cps, hoic cao hon 500cps hodc 16n hon so v6i cuong do nén & tir 11° dén 12°
(cps), n6 c6 thé 1a chi sb cho su c6 mit du cua pha hop chét lién kim loai Mg-Sn trong

16p hop kim Zn-Al-Mg.

Khi cuong dd nay 16n hon hoac bang 500cps, né 1a chi s6 cho biét ham luong
cua pha hop chat lién kim loai Mg-Sn ¢ mirc ma pha hop chét lién kim loai Mg-Sn duoc
phan tan trong 16p hop kim Zn-Al-Mg, va cuong d6 cang cao, cang nhiéu pha hop chat

lién kim loai Mg-Sn dugc chtra.

Gan day, co phé‘tn mém ma c¢6 thé thuc hién, chéng han, viéc loai bo nén nhu
phuong phap tinh cuong do nén. Tir dit liu cuong do dinh nhiéu xa thu duoc, 20 va dd
thi cuong do (cps) dugc tao ra dé tao ra mot dwong gan dung (duong thdng) cta phan
phing dugc xac nhan & tir 11° dén 12°. Do khéng c6 dinh nhidu xa xudt hién & tir 11°
dén 12° tir bé mat cua 16p hop kim Zn-Al-Mg, khi don gian 14y gia tri trung binh cta

cuong do cps & tur 11° dén 12°, phat hién dugc cuong do nén ¢ 11° dén 12°.

0 day, nhu dugc minh hoa trén Fig.1, moi anh SEM cua mat cit ngang cua 16p
hop kim Zn-Al Mg duoc liy lam anh dién tir tn xa nguoc. Thong thuong, cac pha tao
nén 16p hop kim Zn-Al-Mg (nhu pha Al, pha MgZn,, pha Zn, va pha hop chét lién kim
loai Mg-Sn) ¢6 thé duoc phan biét d& dang vi cac sé nguyén tir hién nhién 1a khac nhau.

- Khia canh vé cau trac (1) -

Sau d6, trong anh dién tir tAn xa nguoc ctia 16p hop kim Zn-Al-Mg thu dugc
trong truong hop trong d6 pham vi nhin thdy 1000pm x 700pm dugc quan sat bang kinh

30



44979 31/91

hién vi dién tir quét & d6 phong dai 500 14n sau khi bé mat cia 16p hop kim Zn-Al-Mg
dwoc danh bong dén mirc mot nira clia chiéu day 16p, tong ty 1& dién tich ctia pha Al va
pha MgZn; 16n hon hodc bang 70%, va ty 1& dién tich cua pha Zn nho hon hodc bang
30%.

Khi tong ty 1¢ dién tich ctia pha Al va pha MgZn; qua thap, s6 lugng cua pha Al
va pha MgZn; gop phan vao sy hinh thanh cc vay kim loai nho, va cac vay kim loai c6
thé it dugc tao ra. Ngay ca trong trudng hop trong d6 cac vay kim loai dugce tao ra, tac
dung che gifu cac khuyét tat & 16p hoan thién bé miit béi cac vay kim loai 12 thap. Do
d6, thng ty 1¢ dién tich cia pha Al va pha MgZnz 16n hon hodc bang 70%, t6t hon 1a 16n
hon hodc bang 75%, va t6t hon nita 12 16n hon hodc bang 80%. Khong c6 gidi han trén
trén téng ty 18 dién tich cta pha Al va pha MgZny, va cac vay kim loai co thé duoc 1am

cho 18 hon khi téng ty 18 dién tich gan bang 100%.

Tt quan diém tao ra 15i ctia vay kim loai, ty 18 dién tich ctia pha Al, ching han,
tdt hon 12 tir 10 dén 50%, va tot hon nira 1a tir 20 dén 40%. Puoc wu tién la 30% dugc

str dung 1am chi sb vé ty 1& dién tich ctia tdng ctia pha Al va pha MgZn..

Khi ty 1€ dién tich cua pha Zn qua cao, s6 lugng cua pha Al va pha MgZna gop
phin vio sy hinh thanh céc vay kim loai giam tuong dbi, va cac vay kim loai co thé it
duoc tao ra. Ngay ca trong trudng hop trong do cc vay kim loai dugc tao ra, tac dung
che giéu cac khuyét tat & 16p hoan thién bé mit boi cac vay kim loai 12 thép. Do d0, khi
ty 1€ dién tich cia pha Zn gﬁn dén, chéng han, 0%, cac vay kim loai r0 rang co thé duoc

tao ra nhiéu hon.

Vi bé mit quan sat 1a mdt nira cua chiéu day 16p phu & vi trf trong 16p phu, c6
kha ning 1a ty 1& dién tich cta pha Zn c6 thé duoc dat dén 0% phu thudc vao mat cét
ngang. Tuy nhién, kho dat ty 1¢ dién tich ctia pha Zn dén 0% trong truong hop 16p phu
trén co s& Zn-Al-Mg trong ving lan cin ciia mit phan cach noi tich lay phin hoa rin
cubi cing. Khi ty 1 dién tich cua pha Zn nho hon hodc bang 10%, cac vay kim loai co

thé duoc quan sat hoan toan rd rang.
- Khia canh vé ciu triic (2) -
Ngodi ra, trong anh dién tir tan xa nguoc cua 16p hop kim Zn-Al-Mg thu duoc

trong trudng hop trong d6 pham vi nhin thdy 1000pm x 700pum dugc quan sat bang kinh
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hién vi dién tor quét & do phong dai 500 1an sau khi bé mit ctia 16p hop kim Zn-Al-Mg
duoc danh bong dén muc mot nira cia chiéu day 16p, gi tri trung binh cua céc chiéu dai
chu vi tich Iy cuia cac pha Al nho hon 88mm/mm? va téng s6 1an xuat hién ctia pha Al

¢6 chiéu dai chu vi 16n hon hodc bang 50um 1a nho hon 100.

Khi gié tri trung binh cua céac chiéu dai chu vi tich liiy ctia pha Al qué cao, pha
Al bi thd qud, va trd nén kho tao ra cac vay kim loai. Ngay cé trong truong hop trong
do6 cac vay kim loai dugc tao ra, tdc dung che gidu cac khuyét tat & 16p hoan thién bé
miit bi cac vay kim loai 1a thip. Do d6, gia tri trung binh ctia cac chiéu dai chu vi tich
liiy ctia pha Al nhé hon 88mm/mm?, tot hon 1a nho hon hodc bing 85mm/mm?, va tot
hon nita 1a nhé hon hodc bang 80mm/mm?. Tuy nhién, gi6i han dudi cta gia tri trung
binh cua cac chiéu dai chu vi tich lily ctia pha Al thong thuong 16n hon hodc bang

35mm/mm? dua trén céac gia tri thyc nghiém téng hop.

Khi téng sb 1an xuat hién ctia pha Al c6 chiéu dai chu vi 16n hon hoic bang
50um 14 qua 16m, pha Al thd va pha Al min dugc tron, sy bién thién vé kich thudc pha
Al ting, va trd nén kho tao ra cdc vay kim loai. Ngay ca trong truong hop trong do cac
vay kim loai dugc tao ra, tac dung che giéu cac khuyét tat & 16p hoan thién bé mat boi
cac vay kim loai l1a thép. Do d6, tong s6 14n xuét hién cta pha Al co chiéu dai chu vi 16n
hon hodc bang 50pm la nho hon 100, t6t hon 12 nhd hon hodc bang 90, va tt hon nita
12 nhé hon hodc bang 80. Khong co gi6i han dudi, va gia tri nay cang gan 0 thi cang

duoc wu tién.

Céc gia tri s6 nay dwoc di kém voi hop phan phu va phuong phap phu (tdc do
lam ngudi trong qua trinh hoa rén), va c6 thé dugc st dung 1am chi s6 khi tao ra cac vay
kim loai ddng nhat. Con c6 mdi trong quan véi sy quan sat bang mat thuong. Cac pham
vi s6 ndy duogc 1am rd, bang cach d6 pham vi dugc lam 13 ndy ludn ludén duge st dung

1am chi so6 quan 1y dé tao ra cac vay kim loai 10 rang.
- Khia canh vé cau trac (3) -

Tbt hon 13, trong anh dién tr tdn xa ngugc cua 16p phu thu duge bang cach quan
sat mit cat ngang cua 16p phu, mat cit ngang duoc cét theo hudng chiéu day, & pham vi
nhin thdy 250pm x 700um va do phong dai 500 14n bang kinh hién vi dién tir quét, ty 1&
ctia céc chidu dai bi chiém béi pha Al va pha MgZn, & phia bé mit ctia 16p hop kim Zn-
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Al-Mg (Leurtace), ty 16 ctia céc chiéu dai bi chiém boi pha Al va pha MgZn & trung tim
chidu day ctia 16p hop kim Zn-Al-Mg (Lmedium), V& ty 16 clia cac chidu dai bi chiém boi
pha Al va pha MgZn, & phia san pham thép ctia 16p hop kim Zn-Al-Mg (Lboarder) thoa

man cac cdng thirc 6 va 7 sau day:
Céng thﬁfC 6 0,90 S (Lsurface)/(Lboarder); Vé-
céng thuce 7: (Lmedium)/ (Lboarder) < 1,10

Thuc té 1a ty 18 clia cac chidu dai bi chiém bai pha Al va pha MgZn; & phia bé
mit cita 16p hop kim Zn-Al-Mg (Leurfice) qué dai so v6i ty 18 ciia cac chiéu dai bi chiém
bai pha Al-pha MgZn, & phia san pham thép ctia 16p hop kim Zn-Al-Mg (Lboarder) cho
biét rang pha Al pha MgZn, khong phat trién theo mot hudéng ddng déu, tir huéng mat
phan cach dén huéng bé mit, ma phat trién theo cac dinh hudng ngau nhién, hodc kich
thudce vay kim loai gidm xudng hoic ting 1én. Do d6, 16p hoan thién bé mit clia cac vay
kim loai khong ro rang va khong d6ng déu trong nhiéu trudng hop. Do d6, ngay ca trong
trudng hop trong d6 cac vay kim loai duoc tao ra, tic dung che gidu céc khuyét tat & 16p

hoan thién bé mit boi cac vay kim loai c6 xu hudng thap.

Trong lic do, trong truong hop trong do ty 1€ cua cac chiéu dai bj chiém bai pha
Al va pha MgZny ¢ trung tam chiéu day cua 16p hop kim Zn-Al-Mg (Lmedium) qua ngan
50 v6i ty 18 clia cac chidu dai bi chiém boi pha Al-pha MgZn, & phia san pham thép cua
16p hop kim Zn-Al-Mg (Lboarder), diéu ciing cho biét rang pha Al va pha MgZn, khong
phit trién lién tuc trén bé mat ciia 16p phit tir hudng ciia mat phan cach véi kim loai nen.
Do d6, cac vay kim loai khong ddng déu, dan dén c4c bién thién vé sy dinh huéng ngau
nhién hoic kich thuéc vay kim loai. Do d6, trd nén kho tao ra cac vay kim loai. Ngay
c4 trong trudng hop trong d6 cac vay kim loai dugc tao ra, tic dung che gifu cac khuyét

tat & 16p hoan thién bé mit béi céc vay kim loai ¢ xu huéng thap.

Do d6, pha Al va pha MgZn; t6t hon 1a c¢6 céu trac trong d6 pha Al va pha
MgZn; trong mat cit ngang cua 16p hop kim Zn-Al-Mg duoc phat trién lién tuc & goc
khong doi tir huéng mit phan cach vé phia bé mat.

Do d6, cac chidu dai twong tmg bi chiém béi pha Al va pha MgZn, t6t hon 1a

thoa man cac cdng thic 6 va 7.
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Hon nita, cac chidu dai bi chiém boi pha Al va pha MgZn; tt hon nita 14 thoa
man cac cong thirc 6-1 va 7-1 sau day, va con t5t hon nita 13 thoa méin cac cong thirc 6-

2 va 7-2 sau day, tir quan diém tao hinh cic vay kim loai.
Cong thirc 6-1: 0,95 < (Lsurface)/(Lboarder) < 1,05
Cong thirc 7-1: 0,95 < (Limedium)/(Lboarder) < 1,05
Cong thirc 6-2: 0,97 < (Lsurface)/(Lboarder) < 1,03
Coéng thitc 7-2: 0,97 < (Lmedium)/(Lboarder) < 1,03

G day, ty 18 ciia cac chidu dai bi chiém boi pha Al va pha MgZn, & phia bé mit
cta 16p hop kim Zn-Al-Mg (Lsurface) ¢6 nghia 1a ty 1€ (%) bi chiém bai pha Al va pha
MgZn, chdng ldp trén dudng bao cua 16p bé mat (bé mat ddi dién véi phia san pham
thép) khi quan sat mat cit ngang ctia 16p hop kim Zn-Al-Mg. Noi cach khac, c6 nghia
14 t§ 18 (%) ctia céc chidu dai cua pha Al va pha MgZn, chdng lap trén chiéu dai ctia

duong bao ctia 16p bé mat quan sat so v6i chiéu dai nay cua duong bao.

Ty 1€ cua cac chiéu dai bi chiém béi pha Al va pha MgZn; ¢ trung tdm chiéu
day cua 16p hop kim Zn-Al-Mg (Lmedium) c6 nghia la ty 1€ (%) bi chiém boi pha Al va
pha MgZn, chdng lap trén duong néi cac vi tri & mot nira cua chiéu day 16p, duong nay
duge v& khi mit cit ngang cta 16p hop kim Zn-Al-Mg duoc quan sat. Noi cach khac,
diéu ndy c6 nghia 13 ty 1& (%) cua cac chiéu dai ctia pha Al va pha MgZn, chdng 14p trén
duong ndi cac vi tri & mot nira cla chiéu day 16p dugc quan sat so véi chiéu dai ctia

dudng nay.

Ngoai ra, ty 18 clia cac chidu dai bi chiém boi pha Al va pha MgZn, & phia san
phim thép ctia 16p hop kim Zn-Al-Mg (Lboaraer) €O nghia 13 ty 1€ (%) bi chiém boi pha
Al va pha MgZn; chdng 1ap trén dudng bao cua mat phan cach gifta 16p hop kim Zn-Al-
Mg va san phim thép (trong truong hop bao gdm 16p hop kim Al-Fe, mat phén cach
gitta 16p hop kim Zn-Al-Mg va 16p hop kim Al-Fe) khi quan sat mat cit ngang cta 16p
hop kim Zn-Al-Mg. No6i cach khac, diéu nay c6 nghia 13 ty 1& (%) cua cac chiéu dai cua
pha Al va pha MgZn» chdng 14p trén dudng bao cua mét phan cach 16p duge quan sat so
v6i chiéu dai cua duong bao nay.

Kha nang duy tri 16p hoan thién bé mit vay kim loai
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Trong san pham thép phi Zn-Al-Mg cla sang ché, cac vay kim loai dugc tao ra
boi sw g ghd rét min gay ra boi pha Al va pha MgZns, bing cach do 16p hoan thién bé
mit c6 4nh kim manh va mau trang sang do su khuéch tan 4nh sang phan xa. Mién la
trang thai bé mit cta 16p pht dugc duy tri, &nh manh duoc duy tri, va 16p hoan thién bé

mit thAm my ciing dugc duy tri.

Phu thudc vao thanh phén héa hoc dwoc mo ta & trén, viéc tron 14n ctia cac hop
phan nguyén té dugc khuéch tan trén bé mit ctia 16p phu co thé thay ddi, va khoang thoi
gian duy tri 16p hoan thién bé mit thAm m§ c6 thé thay dbi. Néi cach khac, nguyeén to
¢6 kha ndng bao vé in mon thay thé cao va tac dung chéng gi cao khuéch tan dén bé mit
cua l6p phu, va sau do nguyén t6 nay phan tng vé6i oxy trong khong khi dé tao ra mang
oxit mong. Phu thudc vao chiéu day nay, cic thay dbi xay ra trong qua trinh duy tri anh
kim. Noi cach khac, trong truong hop trong do chiéu day ctia mang oxit 16n, anh kim
tro nén kém, va 16p hoan thién bé mat chuyén sang hoi mo. Hon nita, trong méi trudng
4m trong d6 c¢6 hoi am trong khong khi va mang oxit khong dugc tao ra du vdi oxy, san
pham &n mon cuc méng duge tao ra, mdt mang mong co6 16p hoan thién bé mat mau den
nhu mang oxit thiéu hut oxy (chang han, mang MgO1.x, mang AL,Os«, hodc mang ZnO1.

x) dugc tao ra. Mang oxit nay tham chi co thé chuyén thanh mau hoi den.

Tuy nhién, sw héa trang va hoa den c6 thé dugc ngin chin bang céch quan sat

nghiém ngat thanh phan hoéa hoc thich hop trong cac hop phan 16p phu.

V& co ban, trong trudng hop trong do noéng d6 Mg 1a thp, 16p hoan thién bé
mit thay déi rat tét, nhung kho duy tri 4nh kim ddc biét khi nong d6 Mg 16n hon hodc
bang 5,0%. Trong trudng hop trong do noéng d6 Mg cao, Mg dé dang duoc hoa tan va
oxy hoa trong 16p pht vu tién tao ra oxit, bang cach d6 dan dén tao ra cac oxit mau den
nhu ALO3x va ZnO1x. Hon nita, ban than Mg cling tao ra oxit/hydroxit mong nhu MgO1-
« hodc Mg(OH), (mau trang), 1am cho dnh kim kém di.

Hon nita, trong truong hop trong d6 Sn hodc loai twong tw dung dé cai thién kha
ning bao v¢é an mon thay thé dugc chira trong 16p pht (trong trudng hop trong do nong
d6 Sn 16n hon hoic bang 0,01%), sw thay ddi vé 16p hoan thién bé mit cua 16p phu trd
nén dang chu ¥, va bién vay kim loai & d6 cac nguyén t6 nay duoc tich tu tré nén bi den,

va dé xay ra su xau di cia 16p hoan thién bé mat. Ngoai ra, c6 thé c6 mdt khoang thoi
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gian trong d6 c6 thé nhin thiy hoa van 16m dom do sy hinh thanh cua céc san phdm an

mon mau trang va mau den.

Sy anh hudng 1én sy thay d6i v& 16p hoan thién bé mit c6 xu huéng phu thude
vao n(‘A)ng dd Sn trén bé mit cla 16p phu. Sn dé tao ra hop chit véi Mg, Ca, hodc Si (dung
dich rin Mg>Sn, Ca dugc thay thé bang Mg, va Si dugc gia dinh 14 duwoc hoa tan ran
gifta cac nguyén tir, nhung cong thirc hoéa hoc chinh x4c chua duoc biét dén). Mic du
Sn c6 xu huéng tich tu trén bé mit ctia 16p phu trong phuong phap san xuit thong thuong,
c6 thé kidém soat Sn dugc tich tu qua mic trén bé mit ctia 16p phu trong trudng hop chua
c4c nguyén t6 nay. Thong thuong, phu thudce vao nhiét o hoa ran cia 16p phu, MgSn
dwoc tao ra trong phan hoa rin cubi ciing. Cho rang diém nong chay & thoi diém hoéa ran
tang do sy bao gom Ca, diém nong chay & thoi diém hoa ran con ting hon nita do Si da

duogc hoa tan ran, va thoi gian két tha ting do su ¢6 mat cla cac nhan da dugc hoa ran.

Tuy nhién, do néng d6 dé tao ra dung dich ran bi gidi han, cAn thiét gi61 han

ndng d6 ctia mdi nguyén to.

Trude tién, nong dd Sn t6t hon 1a duoc gidi han dén nho hon 0,25%. Khi néng
d6 Sn 16n hon hoic bang 0,25%, mirc d6 d6i mau c6 xu huéng 16n ngay ca trong truong

hop trong d6 hop chat MgzSn hoic dung dich rin dugc tich liy trén bé mat ciia 16p phu.

Khi ndng d6 Ca 16n hon 0,05%, dung dich rdn MgSn c6 thé it bi d6i mau c6 xu

hudéng dugce tao ra. Néng d6 Ca tot hon 14 16n hon hodc bﬁng 0,07%.

Tuy nhién, ham lugng du ctia Ca 1am cho cac hop chit ma khong di kém vé1 Sn,
nhu hop chét trén co s& Ca-Zn-Al, duge tao ra mot cach dé dang. Céc hop chét nay co
thé 1am cho 16p hoan thién bé mit kém nhw 4nh md trong 16p hoan thién bé mit cua 16p
pht, bing cach d6 4nh tr& nén kém. Do d6, gidi han trén clia nong d¢ Ca tot hon 1a nho

hon 0,5%, va tdt hon nita 12 nhé hon hoic bang 0,45%.

Khi néng d6 Sn 16n hon hoic bang 0,01% va nhé hon hodc bang 0,05%, gia tri
ctia ndng do Sn + 0,02 t6t hon 12 nho hon hodc bang ndng d6 Ca. Ly do for ndy 1a nhu
sau. S6 luong ciia cac nguyén tir Ca duge dua vao trong MgzSn dugc xac dinh. Do do,
chang han, khi ndéng d6 Sn cao hon ndéng a6 Ca, lugng cua Mg>Sn khong thé két hop
véi Ca tang, va mtc do d61 mau c6 xu huéng ting. Dic biét, trong truong hop trong do

nong d6 Sn 1a thdp, Sn ¢ xu huéng tao ra mot it dung dich ran trong pha Al, va Sn Xuat
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hin trong pha Al clng vé6i sy gia hoa. Do do, trong trwong hop trong do ndng do Sn l1a
thip, cac nguyén tir Sn va cac nguyén tir Ca tao ra mét it dung dich rin trong cac pha
twong ung nhu pha Al, pha Zn, va pha MgZn,, va c6 kha nang 1a toan b pha MgaSn
khong thé két hop chinh x4c véi Ca dudi dang dung dich rin. Do d6, khi ndng d6 Sn 16n
hon hodc bing 0,01% va nhé hon hodc bing 0,05%, dugc wu tién 14 ndng do Ca 16n hon

hodc bang 0,02% so véi ndng d6 Sn.

Trong trueong hop trong do ndéng dd Sn 16n hon 0,05% va nhé hon 0,25%, nong
d6 Sn tdt hon 13 thip hon ndéng do Ca. Piéu nay la do, trong khoang nong d6 Sn nay,
n6ng dd Sn va néng do Ca la du so vai gidi han do hoa tan chit ran cta mdi pha, béng
cach d6 co thé ngan chin su hinh thanh ciia Mg>Sn la nguyén nhan gay ra su d6i mau,

t6i muc cia nong do Ca gin tuong duwong v6i nong do Sn.

Nhu dugc moé ta ¢ trén, tor quan diém duy tri 16p hoan thién bé mit vay kim loai,
duoc wu tién 1a 16p pht c6 thanh phan trung binh va ndng do Mg 16n hon hoac bang

5,0% dua trén co s& % khdi luong, va thoa man cac cong thire tur 8 dén 11 sau day:
cong thic 8: 0,01 < Sn <0,25;
cdng thuc 9: 0,05 <Ca <0,5;
cong thic 10: Sn + 0,02 < Ca trong truong hop trong d6 0,01 < Sn < 0,05; va
cong thire 11: Sn < Ca trong truong hop trong d6 0,05 < Sn < 0,25;

trong do, trong cac cong thuc tr 8 dén 11 nay, mdi ky hiéu nguyén t6 12 ham

lrong ctia mdi nguyén t6 dya trén co s6 % khoi lugng.

J day, Si khong hiéu qua nhu Ca, nhung khi Si duogc chua voi luong 16n hon
hodc bing 0,05%, tac dung 18n 16p hoan thién bé mit duoc thé hién. Ngoai sy hinh thanh
dung dich ran, khi tao ra 1ép phu trén san phém thép, Si ¢6 xu hudng duoc tich tu déc
biét gdn mit phan cach voi san pham thép va con c6 xu hudng duge tao ra trén bé mit
cua 16p phu. Do do, thuan tién thay d6i su phan bb nguyén t6 trén bé mit cua 16p phu.
Trong truong hop trong d6 Ca khong duge chira, ma Si duoc chira duéi dang hop phan
duy nhét, gan nhu khong thu duoc tac dung nay. Hon nita, do su dbi mau bé mit ctia 16p
pht ting, dugc wu tién 1a cho phép 16p phu chira Ca dudi dang hop phan duy nhét hodc

ca Ca va Si.
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Hon nita, su d& d61 mau cia bé mit ctia 16p pht co thé duoc xac nhan bﬁng cach
dé san pham thép phu trong khong khi 4m trong mdi trudng cu thé. Mot mau cla san
phidm thép phii dwgc dé bén trong may didu Am-nhiét trong mot khoang thoi gian nhét
dinh, va chi cin theo d5i 16p hoan thién bé mit; mirc d9 d6i mau trude va sau thir nghiém;
AE*a™b" =, ((2")? + (b")?)2 (chdng han, theo phuong thirc SCI) bang cach sir dung may

do méau phd quang ké.

Khi danh gia kha nang bao v¢ dn mon thay thé (murc d6 rira thoi Mg do viée b6
sung Sn hodc twong tu) va kha nang chéng dn mon bé mit phang (mirc d§ &n mon cua
béan thin 16p pht), kha ndng chbng dbi mau ctia 16p phu bé mit, khoang nong do Sn, va
khoang ndng dd Ca c6 xu huéng tring khép v6i nhau, va cac khoang thanh phan nay 13

rat tot.

Puogc uu tién 1a, chéng han, bé mit dAu cit 3,2mm duoc tao ra & san phém thép
phu, va chiéu rong cua gi tréng duoc tao ra quanh phén bé mat dau cit va ty 1€ dién tich
cua gi do trén phﬁn bé mit dAu cit sau thir nghiém dn mon da dugce xac dinh trude duge
do 1am chi sb can bang gitra kha nang bao vé an mon thay thé va kha ning chdng an

mon bé mit phang.

Trong san phdm thép phu ciia sang ché, muc chénh léch AE trong khong gian
mau (hé mau L*a*b*) ciia CIELAB (theo JIS Z 8729) tru6c va sau thur nghiém, nhu
dugc do trong qua trinh khao sat 16p hoan thién bé mit dugc thé hién trong phan Vi du
thuc hién sang ché, t6t hon 1a nho hon hodc bé“tng 5, tot hon nita 12 nho hon hodc béng 3,

va con t6t hon nita 1a nhé hon hodc bang 2.

Trong trudng hop trong d6 kha nang bao v¢ &n mon thay thé manh va kha ning
chéng dn mon bé mit phing yéu, chiéu rong clia gi trang duoc tao ra quanh bé mit dau
ting (quan sat dugc sy giam kha nang chéng an mon bé mat phang). Tuy nhién, gi do

gén nhu khong duoc tao ra trén phfin bé mat dAu cit.

Trong truong hop trong d6 kha nang bao v¢ dn mon thay thé yéu va kha ning
chéng an mon bé& mit phang cao, phr?m bé mat dau cat duoc bao phu boi gi do, nhung
chiéu rong cua gi tréng duoc tao ra quanh bé mit dau giam.

Trong trudng hop bt ky, trir khi kha nang bao vé d&n mon duoc kiém soat thich

hop, kha ning chéng an mon khong thé dugc can bing tir quan diém lau dai. Do d6, viéc
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giam gi d6 duogc tao ra trén phan bé mat dAu cét va kiém soat thich hop chiéu rong cua
gi tring duoc tao ra trén bé mit dau ct din dén kha ning chong an mon dai han vuot
troi.

Tiép theo, 16p hop kim Al-Fe s& dugc mo ta.

Lép hop kim Al-Fe dugc tao ra trén bé mit cta san phim thép (cu thé 1a gifra
san pham thép va 16p hop kim Zn-Al-Mg), va pha AlsFe 1a 16p ctia pha chinh cua cau
truc. Lép hop kim Al-Fe dugc tao ra boi su khuéch tan nguyén tir gifta kim loai nén (san
pham thép) va dung dich phti. Trong trudng hop trong d6 phuong phap phi nhiing nong
dugc st dung 1am phuong phép san xuét, 16p hop kim Al-Fe c6 thé duoc tao ra trong
16p phi chira Al nhu 1a nguyén t8. Do dung dich phu chira Al & mdt ndng d6 nhat dinh
hodac 16n hon, AlsFe duoc tao ra dudi dang pha chiém wu thé nhat. Tuy nhién, sy khuéch
ton nguyén tir can c6 thoi gian, va phan gan kim loai nén c6 thé c6 ndng d Fe cao. Do
do, 16p hop kim Al-Fe co thé chira mot ph?m cac luong nho cua pha AlFe, pha AlsFe,
pha AlsFe,, va pha tuong ty. Hon nita, do dung dich phu cling chira mot nSng d6 nhit
dinh ctia Zn, 16p hop kim Al-Fe cling chita mot lwong nho Zn.

Déi v6i kha ning chdng dn mon, khong c6 mirc chénh 1éch dang ké trong s6 pha
AlsFe, pha AlsFe, pha AlFe, va pha AlsFe,. Thuat ngit “kha nang chéng an mon”’ duoc
st dung ¢ day c6 nghia la kha nang chéng dn mon & vi tri khong bi anh huong boi qua
trinh han. Chiéu day ca 16p hop kim Al-Fe trong 16p pht nhé, va kha ning chong &n
mon 13 thip hon kha ning chbng an mon cua 16p hop kim Zn-Al-Mg. Do do, khong c6
mttc chénh 1éch dang ké vé kha ning chéng an mon cla toan bd 16p phu ngay ca khi ty

1€ ctia cac pha nay thay doi.

J day, trong truong hop trong d6 Si duoc chira trong 16p phu, Si déac biét dé
duoc dua vao trong 16p hop kim Al-Fe, ma ¢ thé tao ra pha hop chét lién kim loai Al-
Fe-Si. C6 pha AlFeSi 1a pha hop chét lién kim loai can duogc xac dinh. Chéng han, cac
pha a-, B-, q1-, va q2-AlFeSi tdn tai du6i dang céc chat ddng phan. Do d6, cc pha
AlFeSi nay va tuong tu co thé duogc phat hién trong 16p hop kim Al-Fe. Lép hop kim
Al-Fe chita cac pha AlFeSi nay va pha tuong tu con duge goi 1a “I6p hop kim Al-Fe-
Si”.

Chiéu day 16p hop kim Al-Fe-Si nho hon chiéu day 16p hop kim Zn-Al-Mg va
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do d6 chi c6 tac dong nho 1én khéa ning chong an mon cua toan bo 16p phu.

Ngoai ra, trong trudng hop trong d6 khac nhau cac san pham thép pht so bd
dugc st dung lam vt liéu nén cho 16p phu (nhur tdm nén cho 16p phu), céu tric cta 16p
hop kim Al-Fe c6 thé thay dbi phu thudc vao luvgng bam dinh clia 16p phi so bd. Cu thé,
c6 cac trudng hop nhu truong hop trong d6 16p kim loai tinh khiét dwoc st dung dé phu
s0 bd con lai xung quanh 16p hop kim Al-Fe, truong hop trong d6 pha hop chat lién kim
loai (chang han, pha Al3Ni) trong d6 c4c thanh phan ctia 16p hop kim Zn-Al-Mg va céac
hop phan phii so by dugc lién két v&i nhau tao ra 16p hop kim, trudng hop trong do 16p
hop kim Al-Fe trong d6 mdt vai nguyén tir Al va nguyén tr Fe dugc thay thé bang cac
nguyén tir khac duoc tao ra, va truong hop trong d6 16p hop kim Al-Fe-Si trong d6 mot
vai nguyén tir Al, nguyén tir Fe, va nguyén tir Si dugc thay thé bang cac nguyén tir khac
duoc tao ra. Trong truong hop bt ky, cac 16p hop kim nay cling ¢6 chidu day nhé hon
chidu day ctia 16p hop kim Zn-Al-Mg va do d6 chi c6 tac dong nho 1én kha ning chéng
an mon cua toan b 16p phu.

No6i cach khac, 16p hop kim Al-Fe 1a 16p bao gdm cac 16p hop kim theo céc khia
canh khac da mé ta & trén, ngoai 16p hop kim chu yéu gdm pha AlsFe.

Chiéu day ctia 16p hop kim Al-Fe, ching han, 16n hon hodc bing Opm va nho
hon hodc bang 5um (thong thudng, 16n hon hodc bang 100nm va nhé hon hodc bang

Sum).

Didu nay ¢6 nghia 12 16p hop kim Al-Fe khéng can thiét duge tao ra. Tuy nhién,
thong thuong, khi 16p phu véi thanh phﬁn hoéa hoc nhu duoc quy dinh trong ban mo ta
nay dugc tao ra bang phwong phip phu nhiung néng, 16p hop kim Al-Fe c6 chidu day
16n hon hodc bang 100nm duoc tao ra gifta san pham thép va 16p hop kim Zn-Al-Mg.
Giéi han duéi cua chiéu day cua 16p hop kim Al-Fe khong bi gidi han dic bi¢t. Da nhén
thdy rang 16p hop kim Al-Fe chac chdn dugc tao ra khi tao ra 16p phi nhiing néng chira
Al Ngoai ra, dugc xc dinh theo kinh nghiém 12 chiéu day khoang 100nm 1a chiéu day
trong truomg hop trong do sy hinh thanh cua 1ép hop kim Al-Fe dugc ngan chin nhiéu
nhét, 1a chidu day bao dam sw bam dinh du giita 16p phii va kim loai nén (san phiam thép).
S& kho tao ra 16p hop kim Al-Fe méng hon 100nm bang phuong phap pht nhung néng

vi néng d6 Al cao trir khi thuc hién céac bién phap dac biét. Tuy nhién, trong truong hop
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trong d6 16p hop kim Al-Fe c6 chiéu day nho hon 100nm hodc khdng c6 16p hop kim

Al-Fe duoc tao ra, gia dinh rang khong c6 tac dong 16n dén hiéu suét phu.

Trong trueong hop trong do chiéu day ctia 16p hop kim Al-Fe 16n hon 5Sum, hop
phén Al cua 16p hop kim Zn-Al-Mg cin duoc tao ra trén 16p hop kim Al-Fe la khong du.
Hon nita, dd bam dinh va kha ning tao hinh cta 16p pht c¢6 xu hudng cuc ky kém di.
Do d6, duoc wu tién 1a chidu day ctia 16p hop kim Al-Fe dugc gi6i han dén nho hon hoac

bang Sum.

Luu ¥ rang 16p hop kim Al-Fe cling lién quan chét ch& v6i nong d6 Al va nong
6 Sn. Noi chung, khi ndng do Al va ndng do Sn tang, tbc do phat trién c6 xu hudng

tang.

Lép hop kim Al-Fe thuong chii yéu gdm c6 pha AlsFe. Do d6, vi du v& thanh
phan héa hoc ctia 16p hop kim Al-Fe 1a thanh phin bao gbm Fe: tir 25 dén 35%, Al: tir

65 dén 75%, Zn: nhé hon hoic bﬁng 5%, va phﬁn con lai: céc tap chét.

Thong thuong, 16p hop kim Zn-Al-Mg ¢ chiéu day 16n hon chidu day cua 16p
hop kim Al-Fe. Do d0, 16p hop kim Al-Fe duéi dang tAm thép phu gdp phan vao kha
nang chéng dn mon bé mit phang & mot mirc dd nho hon so voi 16p hop kim Zn-Al-Mg.
Tuy nhién, 16p hop kim Al-Fe chira Al va Zn dudi dang cac nguyén t6 chéng dn mon, &
cac néng do nhét dinh hodc 16n hon, nhu dugc ude tinh tir cac két qua phan tich hop
phan. Do d6, 16p hop kim Al-Fe c¢6 kha nang bdo v¢ an mon thay thé va cac tic dung

ngan chin dn mon trén kim loai nén (san pham thép) & cac mirc 46 nhat dinh.

O day, khé x4c nhan mirc d0 ndo ma maot ininh 16p hop kim Al-Fe méng gop
phan vao kha ning chéng dn mon bang phuong phap do dinh lwong. Tuy nhién, chang
han, trong truong hop trong d6 16p hop kim Al-Fe ¢ chiéu day du, co thé danh gia kha
ning chdng dn mon cta chi minh 16p hop kim Al-Fe bang cach loai bo chinh xac 16p
hop kim Zn-Al-Mg trén 16p hop kim Al-Fe bing cach cét tir bé mat ciia 16p phit bang
cach st dung qua trinh phay mat d4u hodc qua trinh twong ty va thuc hién thir nghiém
an mon. Lép hop kim Al-Fe chira hop phan Al va mot lugng nho hop phan Zn. Trong
truong hop trong d6 16p hop kim Al-Fe ¢6 mdt, gi dé dugc tao ra dudi dang cac vét dbm,
va toan bo bé mit cua 16p khong duoc bao phu bai gi do, khong gidng truong hop trong
d6 kim loai nén (san phim thép) dugc tiép xic ma khong co 16p hop kim Al-Fe.
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Ngoai ra, khi mdt cit ngang cta 16p phu da dat dén trang thai ngay trudc khi
hinh thanh gi d¢ trén kim loai nén (san pham thép) dwoc quan sat trong qué trinh thir
nghiém an mon, co thé x4c nhan dugc rang mac du 16p hop kim Zn-Al-Mg 1a 16p trén
bi hoa tan va bi gi, 16p hop kim Al-Fe van duoc gift lai dé ngan chan sy an mon cua kim
loai nén (san pham thép). Diéu nay 1a do 16p hop kim Al-Fe c6 tinh dién hoa cao hon
16p Zn-Al-Mg, nhung kém hon so véi kim loai nén (san pham thép). Tt cc dit kién do,

¢6 thé cho rang 16p hop kim Al-Fe ciing c6 mét mirc d6 chéng an mon nhat dinh.

Tir quan diém 4n mon, dwgc uu tién hon nira 14 16p hop kim Al-Fe day hon.
Didu nay c6 hiéu qua tri hodn thoi gian hinh thanh gi d6. Tuy nhién, do 16p hop kim Al-
Fe day 1am giam dang ké kha nang tao hinh cta 16p phu, chiéu day tdt hon 1a bang hodc
nhé hon mét chidu day nhét dinh. Chidu day thich hop dugc biét dén tir quan diém kha
nang tao hinh. Lép hop kim Al-Fe t6t hon 14 c6 chiéu day ctia nhé hon hodc bang 5um,
bang cach d6 cac vét nit duoc tao ra tir 16p hop kim Al-Fe dé phu trong thir nghiém udn
chit V hodc thir nghiém trong tu va lugng tao bt duoc giam xudng. Chiéu day nay t0t

hon nita 1a nho hon hodc bang 2um.
Céc phuong phap do khéc vé cac dic tinh cua 16p phu
Tiép theo, cac phuong phap do khac vé cac dic tinh cta 16p phu s& duge md ta.
- Thanh phan héa hoc ctia 16p phu -
Thanh phan héa hoc ctia 16p phu duoc do bang phuong phap sau day.

Trudc tién, dung dich axit thu dugc bang cach tréc va hoa tan 16p phu bang axit
chira chit e ché ngin chin qua trinh an mon cta kim loai nén (san pham thép). Sau do,
bang cach do dung dich axit thu duoc bang phép phan tich plasma két hop cam ung
(inductively Coupled Plasma, ICP), c6 thé thu duoc thanh phan hoéa hoc cua 16p phu
(trong trudng hop trong d6 16p phu ¢6 céu triic don 16p gom 16p hop kim Zn-Al-Mg,
truomg hop trong d6 16p phui c6 thanh phan hoa hoc cua 16p hop kim Zn-Al-Mg va 16p
phti c6 cAu tric phan 16p gdm 16p hop kim Al Fe va 16p hop kim Zn-Al-Mg, truong hop
trong d6 16p phu ¢6 thanh phin héa hoc gdm 16p hop kim Al-Fe va 16p hop kim Zn-Al-
Mg duoc phdi hop véi nhau). Céc loai axit khong bi gi6i han dac biét mién 1a mot axit
¢6 thé hoa tan 16p phi. Thanh phin héa hoc dugc do duéi dang thanh phan hoa hoc
trung binh.
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- Phan doan dién tich ctia mdi pha -

Phan doan dién tich ctia mdi pha dugc do béng cach sur dung anh dién tr tan xa
ngugc cia 16p hop kim Zn-Al-Mg thu dugc trong trudng hop trong do bé mit cta 16p
hop kim Zn-Al-Mg duoc danh bong dén mitc mdt nira ciia chiéu day 16p va sau d6 pham
vi nhin thdy 1000pm x 700pum dugc quan sat bang kinh hién vi dién tir quét & d6 phong

dai 500 1An. Mot vi du cu thé cua qua trinh nay s€ dugc mo ta dudi day.

Trude tién, mau dugc thu hoi tir san phérn thép phu cin duoc do. Tuy nhién,
méu nay duoc lay tir phan khong c6 khuyét tat ctia 16p pht khac v6i ving 14n cén cia

phén bé mat dau di dugc dot dap 2mm tu bé mat dﬁu) cua san phém thép phu.

Tiép theo, bé mit cta 16p phu (cu thé 13, 16p hop kim Zn-Al-Mg) cua mau dugc

danh bong theo hudng chiéu day cta 16p phu (sau day con duge goi 1a “hudng truc Z7).

Trong budc danh bong bé mit cua 16p phu theo hudng truc Z, bé mit cta 16p
hop kim Zn-Al-Mg duoc danh bong dén muc mot ntra cia chidu day 16p. Trong budc
danh bong nay, bé mit ctia 16p hop kim Zn-Al-Mg dugce danh bong kho bang tAm danh
bong sb 1200, va sau d6 dugc dénh bong cubi cung bang cach st dung chit 16ng cudi
cung chira nhom oxit c6 kich thudc hat trung binh bang 3pum, chat 1éng cubi ciing chira
nhém oxit c6 kich thuéc kich thudce hat trung binh bang 1pm, va chét long cudi cung

chira silic oxit dang keo theo thir ty nay.

Mau thir nghiém danh béng tot hon 1a dugc nhing trong nhya va duge danh

bong.

V& chi sd cta do sau, khi vét 1om Vickers cho biét goc dinh chop hodc twong tu
duoc dua vao trong nhya xung quanh tAm thép phu va vét 16m Vickers hoan toan bién
mét, d6 sau tir bé mit dugc danh bong co thé duoc do. Do d6, khong c6 sai sd, va co thé
d2 dang do dugc khoang cach dénh bong. Trong truong hop trong do chiéu dai cua
duong chéo cua vét 16m Vickers dugc xac dinh, khoang cach theo huéng do sau duoc

xé4c dinh bang cach tinh tan6/2 ctia goc dinh chop va st dung gia tri nay.

Tiép theo, bé mit duge danh bong cia mau 16p hop kim Zn-Al-Mg dugce quan
sét bing kinh hién vi dién tir quét (SEM) ¢ d6 phéng dai 500 lan dé thu dugc anh dién

tir tn xa nguoc cia 16p hop kim Zn-Al-Mg (sau day con dugc goi la “anh dién tr tan
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xa ngugc SEM”). Cac didu kién quan sat SEM la nhu sau: dién thé gia toc: 15kV, dong
phat xa: 10nA, va kich thudc truong: 1000um x 700pum.

Pé xac dinh mdi pha dugc bao gdm trong 16p hop kim Zn-Al-Mg, FE-SEM
duoc trang bi thiét bi phan tich tia X phan tan nang luong (energy dispersive X-ray
analyzer, EDS) hodc kinh hién vi dién tir truyén qua (transmission electron microscope,
TEM) dugc st dung. Trong truong hop s dung TEM, bé mit dugc danh bong cua cing
mo6t mau 16p hop kim Zn-Al-Mg can duoc do duoc xur 1y bang chum ion diéu tidu
(focused ion beam, FIB). Sau khi xur ly béng FIB, thu dugc anh nhiéu xa dién tt TEM
ctia bé mat dugc danh bong cua 16p hop kim Zn-Al-Mg. Sau d6, kim loai dugc chtra
trong 16p hop kim Zn-Al-Mg dugc xac dinh.

Tiép theo, anh dién tr tdn xa ngugc SEM dugc so sanh voi cac két qud nhan
dang ctia FE-SEM hodc anh nhidu xa dién tt TEM, va mdi pha dugc bao gdm trong 16p
hop kim Zn-Al-Mg duoc xac dinh trong anh dién tir tan xa nguoc SEM. Trong qua trinh
x4c dinh mdi pha duoc bao gdm trong 16p hop kim Zn-Al-Mg, nén thyc hién phép phan
tich diém EDS, va céc két qua ctia phép phan tich diém EDS duoc so sanh véi cac két
qué nhan dang ciia anh nhifu xa dién tir TEM. Hé EPMA c6 thé duoc sir dung dé nhan
dang mbi pha. Trong trudng hop trong d6 ¢6 hinh anh anh xa, vi tri cua mdi nguyén t6
c6 thé duoc xé4c dinh dé dang, va do d6 ddc biét thuan tién khi phan biét pha MgZn; véi
hop chat Mg-Sn.

Tiép theo, trong anh dién tr tan xa nguge SEM, ba gia tri gém do sang, sic do,
va d6 twong phén theo thang d6 xam duoc chi ra boi mdi pha trong 16p hop kim Zn-Al-
Mg duoc xac dinh. Ba gia tri gém do sang, sac do, va do twong phan dugc chi ra boi
mdi pha phan anh s6 nguyén tir cia nguyén t6 duoc chira trong mdi pha. Do d6, thong
thuong, pha c6 cac ham lugng 16n clia Al va Mg véi cac s6 nguyén tir nho c¢6 xu hudng

¢6 mau den, va pha c6 ham lugng Zn 16n ¢6 xu huéng c6 mau trang.

Dua trén céc két qua so khép EDS dd mo ta & trén, qua trinh xtr 1y hinh anh boi
may tinh dugc thuc hién dé thay d6i mau sdc chi trong khoang cua ba gia tri @ mo ta o
trén dugc chi ra béi mdi pha duge chira trong 16p hop kim Zn-Al-Mg, dé dat duge su
nhét quan véi anh dién tir tan xa ngugc SEM (chdng han, dién tich (s6 luong diém anh)

ciia mdi pha trong trudong nhin duge tinh bang cach chi hién thi mot pha cu thé dudi
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dang hinh anh mau tring). Qua trinh xt Iy hinh anh nay d6i voi mbi pha duoc thyuc hién,
bang cach d6 phan doan dién tich ctia mdi pha trong 16p hop kim Zn-Al-Mg trong énh

dién tir tdn xa ngugc SEM duoc xac dinh.

Phan doan dién tich ctia mdi pha cta 16p hop kim Zn-Al-Mg dugc xac dinh 1a
gia tri trung binh ctia phan doan dién tich cua mdi pha thu duoc béng qua trinh da mo ta

& trén trong it nhat ba pham vi nhin thay hoac hon.

O day, nhu duoc minh hoa trén Fig.1, mdi anh SEM cuia mit cat ngang ctia 16p
hop kim Zn-Al Mg duoc ldy 1am anh dién ti tan xa nguoc. Thong thuong, cac pha tao
nén 16p hop kim Zn-Al-Mg (nhu pha Al, pha MgZn,, pha Zn, va pha hop chat lién kim

loai Mg-Sn) c6 thé dugc phan biét dé dang do cac s6 nguyén tir khic nhau rd rang.

Trong trudng hgp trong d6 kho phan biét mdi pha, thuc hién phép phén tich
nhidu xa chum dién t& bdi TEM hodc phép phan tich diém EDS.

Ngoai ra, mdi trong s6 pha Al, pha MgZn,, va pha Zn thudng duoc quan sat
bang kich thudc hat 1én hon hodc bang 1um va duge xac dinh dé dang bang cach st

dung EDS.

- Gia tri trung binh cta cac chiéu dai chu vi tich I{ly ctia pha Al/tdng s lan Xuét

hién ctia pha Al c6 chiéu dai chu vi 16n hon hoic bang 50pm -

Gia tri trung binh cua cac chiéu dai chu vi tich lfiy ctia pha Al va téng sb 1an
xuét hién ctia pha Al c6 chidu dai chu vi 16n hon hodc bang 50um duge do bang cach st
dung 4nh dién tir tn xa ngugc cia 16p hop kim Zn-Al-Mg thu dugc trong truong hop
trong d6 bé mit ctia 16p hop kim Zn-Al-Mg dugc danh bong dén mirc mot nira caa chicu
day 16p, va sau d6 pham vi nhin thidy 1000pum x 700um dugc quan sat bang kinh hién

vi dién tir quét & dd phong dai 500 1An. Mot vi du cu thé ciia n6 s& duge md ta dudi day.

Anh dién tir tin xa nguoc SEM thu dugc theo cach tuong tu v6i phuong phap
do phén doan dién tich cua mdi pha. Sau d6, dua trén céac két qua so khép EDS dd mo
{4 & trén, qué trinh xt 1y hinh anh (nhi phan hoa) ma thay d6i mau séc chi trong khoang
cua ba gi4 tri di mo ta & trén dugc chi ra boi pha Al duge chira trong 16p hop kim Zn-
Al-Mg duogc thuc hién dé dat duoc su nhét quéan v6i anh dién tr tan xa ngugc SEM

(chfmg han, dién tich (sé luong diém anh) cua mdi pha trong truong nhin duoc tinh béng
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cach chi hién thi pha Al du6i dang hinh anh mau tring). Qud trinh xu 1y hinh anh nay
duoc thuc hién, bang cach d6 pha Al trong 16p hop kim Zn-Al-Mg trong dnh dién tir tan

xa nguoc SEM duoc xac dinh.

La mot vi du, phuong phéap xéac dinh pha Al trong anh dién tir tn xa nguoc SEM
(hinh anh theo thang d6 xdm dugc luu trit bing 8 bit, hién thi 256 mau) bing cach su
dung chirc ning xur 1y nhi phan dya trén hai ngudng ciia WinROOF 2015 (phin mém
phan tich hinh anh) san xuét bai Mitani Corporation s& dugc md ta. Luu y rang, trong
hinh anh theo thang d¢ xam duoc luu trir bang & bit, dd sang bang 0 twong Gmg v6i mau
dén, va gia tri 16n nhat bang 255 tuong Ung v6i mau tring. Tl cac két qua nhan dang
bang FE-SEM va TEM d3 nhan thiy rang, trong truong hop cua anh dién tir tin xa nguoc
SEM dugc md ta & trén, pha Al dwgc nhan dang chinh xac khi cac ngudng do sang dugc
dat dén 10 va 95. Do d6, hinh anh duge xu 1y sao cho cac bién thién vé mau sic xay ra
trong khodng do sang nam trong khoang tir 10 dén 95, va pha Al dugc xé4c dinh. Phan
mém phan tich hinh anh khac véi WinROOF 2015 cé thé dugce s dung cho qué trinh
xtr Iy nhi phéan hoa.

Tiép theo, chidu dai chu vi ctia pha Al dugc xac dinh boi qua trinh x 1y hinh
anh duoc tich lily bang cach st dung chitc ndng phén tich ddc trung hinh dang tw dong
ctia WinROOF 2015 (phin mém phan tich hinh dnh) san xuét boi Mitani Corporation,
va thu duoc céc chidu dai chu vi tich lily cta pha Al. Sau d6, cac chiéu dai chu vi tich
Ifiy caa pha Al trén mdi dién tich don vi (mm?) dugec tinh bang céch chia cac chiéu dai

chu vi tich lily ctia pha Al cho dién tich ctia pham vi nhin thay.

Qua trinh nay dugc thyc hién trong ba pham vi nhin thy, va trung binh cdng
ctia cac chiéu dai chu vi tich lfiy cua pha Al trén mdi dién tich don vi (mm?) duc_rc' Xac
dinh 1a “gia tri trung binh cua cac chiéu dai chu vi tich lily ctia pha Al”.

Trong sb cac pha Al riéng 1é dugc xac dinh bdi qua trinh xu 1y hinh anh, s&
luong cita cac pha Al c6 chiéu dai chu vi 16n hon hogc bing 50pm duge dém. Tong duoc
tinh.

Qua4 trinh ndy dugc thuc hién trong ba pham vi nhin thdy, va trung binh cong
clia tit ca cac pha Al co chidu dai chu vi 16n hon hodic bang 50um dugc xac dinh 1a “tong

s6 1An xuAt hién cta pha Al c6 chiéu dai chu vi I6n hon hodc bang 50pum”™.
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- CéC Chiéll dél bl Chiénl b(z)'l pha Al Vé pha NIanz (Lsurface, Lmedium, Vél Lboardcr) -

Céc chiéu dai trong (mg bi chiém bdi pha Al va pha MgZna (Lsurface, Lmedium, Va
Lboarder) duoc do bang cach str dung anh dién tir tan xa nguoc cua 16p phu thu duge bang
cach quan sat mit cat ngang cua 1ép phu, mat cit ngang duoc cét theo hudng chiéu day,
& pham vi nhin thay 250pm x 700um va do phéng dai 500 1an bang kinh hién vi dién tu

quét. Mot vi du cu thé cua nd s& duoc md ta dudi day.

Trude tién, miu duge thu hdi tir san pham thép phi can dugc do. Tuy nhién,
mau duogc iy ra tir phan khéng c6 khuyét tat ctia 16p phu khac véi vang lan can cua

phan bé mat diu da duoc dot dap (2mm tir bé mit dau) cta san pham thép phu.

Tiép theo, mit cat ngang (vét cit mat cat ngang theo huéng chiéu day) cua 16p
pht ciia mau duge xtt 1y bang cach sir dung thiét bj danh bong mit cat ngang (CROSS
SECTION POLISHER, CP) hoac duogc gia cong bang cach danh bong. Sau khi gia cong,
mat cit ngang cia mau 16p phi (cu thé, 16p hop kim Zn-Al-Mg) dugc quan sat bang
kinh hién vi dién tir quét (SEM) & d6 phong dai 500 lan @€ thu duoc anh dién tir tan xa
nguoc cia 16p hop kim Zn-Al-Mg (sau day, con dugc goi 1a “anh dién tir tan xa nguoc
SEM”). Céc didu kién quan sat SEM 14 nhu sau: dién thé gia toc: 15kV, dong phét xa:
10nA, va kich thudce truong: 250pum % 700pum.

Tiép theo, theo cach tuong tu v6i phuong phap do phan doan dién tich cua moi
pha, dua trén cac két qua so khép EDS da md ta & trén, qua trinh xt 1y hinh anh duoc
thyc hién dé thay d6i mau séc chi trong khoang cta ba gia tri d@ m6 td & trén dugc chi
ra boi pha Al va MgZn; duoc chira trong 16p hop kim Zn-Al-Mg, dé dat duoc su nhat
quan v6i anh dién tr tin xa ngugc SEM (chang han, dién tich (s6 lwong diém anh) cua
mdi pha trong trudong nhin duoc tinh bing cach chi hién thi pha Al va pha MgZn, dudi
dang c4c hinh anh c6 mau sdc c6 thé phan biét dwgc). Qua trinh xt 1y hinh anh nay duoc
thuc hién, bang cach d6 pha Al va pha MgZn, trong 16p hop kim Zn-Al-Mg trong anh
dién tir tan xa ngugc SEM dugc xac dinh.

Trong anh dién tir tan xa nguge SEM da dugc xu Iy hinh anh, ty 1€ cuia cac chiéu
dai ctia pha Al va pha MgZn, chdng l4p trén dudng bao cla bé mit cua 16p hop kim Zn-
Al-Mg (Laurtace), di v6i chidu dai coa dudng bao cua bé mit cua 16p hop kim Zn-Al-

Mg, duoc xac dinh.
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Hon nita, ty 1& cia cac chiéu dai ctia pha Al va pha MgZn; chong 1ap trén duong
ndi céc vi tri &@ mot nira cuia chiéu day cta 16p hop kim Zn-Al-Mg (Lmedium), 01 vo1 chiéu

dai cia duong nay, dugc xac dinh.

Hon nita, ty 1€ ctia cac chiéu dai cua pha Al va pha MgZn, chdng 1ap trén dudng
bao ctia mit phan cach gitta 16p hop kim Zn-Al-Mg va san pham thép (Looarder) (trong
truong hop bao gbm 16p hop kim Al-Fe, mit phan cach giita 16p hop kim Zn-Al-Mg va
16p hop kim Al-Fe), ddi voi dudng bao ndy cua mat phan cach, duoc xac dinh.

Ngoai ra, nhu duge minh hoa trén Fig.6, cAu tric ¢6 ty 1€ mau den khong dbi
(xem Fig.6 (A)) co thé dugc nhi phan héa bang cach 1am tuong phan. Diéu nay Ja do
16p hop kim Zn-Al-Mg bao gdm pha Zn, pha Al, va pha MgZn; 1a céc pha hop phan
chinh, va do d6 chi pha Zn c6 thé dugc phan biét (xem Fig.6 (B)).

Vi d6 phéng dai 13 500 14n, khi khong thé phan biét pha hop chat lién kim loai,
pha Al, va pha MgZn> trong sd cac pha nho hon Spm, viée chuyén thanh pha Al va pha
MgZn; khong gay ra van dé gi. Piéu nay la do ty 1€ khi dugc chia cubi cung nhé. Hon
nita, khi mot pha c6 kich thudc rd rang (pha 16n hon hoac bang Sum) rd rang 12 pha khac
v6i pha Al va pha MgZn,, trong trudng hop trong d6 pha nay khong dugc bao quanh
boi 360° bén trong pha Al hoac pha MgZn,, viéc chuyén d6i duge thyc hién bang cach

ngoai trir pha nay ra khoi chiéu dai.

0 day, mat phan cach giita 16p hop kim Zn-Al-Mg va san pham thép va dudng
bao nay cua bé mit cua 16p hop kim Zn-Al-Mg t6t hon 12 noi c6 thé gan gidng mot
duong thang cang t6t. Do nghiéng cua duong thang dwgc dit trong khoang + 2 d9, va ty
1€ ctia pha Al va pha MgZn; tiép xuc véi duong thang duoc xac dinh. Mot duong gin
nhu song song vé&i 16p phu, & trén cing va dudi cling, bén trai va bén phai, va trung tdm
ctia dudng bao clia mdi trong s6 bé mit va mat phan cach, twong tng voi duong trung
tam (nghia 13, dudng ndi cac vi tri & mot nira cta chiéu day cta 16p hop kim Zn-Al-
Mg).$$

Qua trinh nay dugc thuc hién trong ba pham vi nhin théy, va cac ty 1€ cua cac
chidu dai cia pha Al va pha MgZn, duogc xac dinh: ty 1€ cua cac chiéu dai bi chiém boi
pha Al va pha MgZn; 6 phia bé mit cta 16p hop kim Zn-Al-Mg (Lsurface), ty 1€ clia cac
chidu dai bi chiém boi pha Al va pha MgZn; ¢ trung tdm chiéu day ctia 16p hop kim Zn-
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Al-Mg (Lmedium), Va ty 1¢ cua cac chidu dai bi chiém bai pha Al va pha MgZn: & phia san
phim thép ctia 16p hop kim Zn-Al-Mg (Lboarder), trong Gmg.

Chiéu day cua 16p hop kim Al-Fe dugc do nhu sau.

Sau khi nhéing mAu trong nhya, mu dugc danh bong, va 16p phi cia mau (vét
cAt mat cit ngang doc theo hudng chiéu day cta 16p pht) duge chup anh dién tir tan xa
nguoc SEM, tiép theo do chidu diy ¢ nim diém tiy ¥ cta 16p hop kim Al-Fe da duoc
x4c dinh trong anh dién tir tan xa nguge SEM (noi ma pham vi nhin thdy trong d6 16p
hop kim Al-Fe dugc nhén ra bang mat thuong & ¢ phong dai 5000 1an va kich thuéc
truomg 1 dai 50pm % rong 200pm). Trung binh cong ctia nam diém duoc xac dinh &

chidu day ctia mat phan cach 16p hop kim.
- Céc didu kién do nhiu xa tia X (XRD) -

Vé cuong do nhiéu xa tia X (XRD), Cu, Co, va tuong tu co thé duoc s dung
cho ngudn birc xa. Tuy nhién, cudi cing can tinh va thay d6i goc nhidu xa theo ngudn
bic xa Cu. Pau ra tia X & 40kV va 150mA dwgce dat. Pham vi do t6t hon 14 tir 5° dén
90°, va bude tot hon 1a khoang 0,01°. Pé dat dugc cuong do s6 dém mdi gidy (couﬁt per
second, cps) & goc nhiéu xa cu thé, thu duoc gia tri trung binh khoang +0,05°. No6i cach
khac, chéng han, ddi véi cuong do bé“mg 23.3°, thu duoc gia tri trung binh cua tir 22,25°
dén 22,35°. Cén thu dugc mdi chi $6 cuong do bﬁng cach khong thuc hién cac bién phap

nhu loai bd nén d& 1am rd dinh trudce khi tinh gié tri trung binh cia cudng do.

Dé loai bo su anh hudng cia 16p oxy hoa nhu 1a 16p ngoai cung, 16p phu dugc
¢kt & chidu sdu 1um tir bé mat, va cudng do nhidu xa tia X (XRD) ctia bé mit cia lop
pht duoc do.

Céc didu kién do cu thé, chéng han, 14 nhu sau.

D& lam thiét bi do, ching han, nhidu xa ké tia X (RINT 1500) va méay do géc
rong RINT 1000 san xuét boi Rigaku Corporation dugc su dung.

Céc didu kién do 13, chéng han, dAu ra tia X & 40kV va 150mA, tc 4o quét bing
2°/phit, bude bfing 0,01°, pham vi quet nam trong khodng tur 5 dén 90°, khe téi béing 1°,

va khe nhan anh sang béng 1°va 0,15mm.

Phuong phap san xuét san pham thép phu
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Tiép theo, mot vi du vé phwong phép san xut san pham thép phti ciia sng ché

s€ duoc mo ta.

San pham thép phu cua sang ché thu dugc bang cach tao ra 16p phu trén bé mat
(mdt bé mit hodc ca hai bé mit) cua vat lidu nén cho 16p phu (nhu tAm nén phu) bang

phuong phap pht nhing néng.

Cu thé, san pham thép duge xu Iy phu nhing néng trong cic didu kién ma sau
khi dwa san phdm thép ra khéi dung dich phi nhung néng, tbc d6 trung binh cta budce
1am ngudi tir nhiét d6 duong pha 16ng (Tmer) ctia dung dich phu dén -20°C cua nhiét dd
duong pha 1ong (dén Tmer khi Tmer nhé hon hodc bing 390°C) dugc dit dén 16n hon
hodc bing 12°C/gidy bing budc lam ngudi bing cach thoi khi, va toc do trung binh cia
budc 1am ngudi tir 370°C dén 150°C dugc dit dén nho hon 12°C/giy bang cach thoi

khi hodc lam ngugi tu nhién.

O day, nhiét d ctia dung dich phu nhung nong t6t hon 12 it nhét bang diém nong

chay cua dung dich phu + 10°C hoac 16n hon.

Trong truong hop trong d6 san pham thép dugc dua ra khoéi dung dich phii nhiing
nong va dugce lam ngudi bang budc 1am ngudi bing cach thdi khi trong cac diéu kién
ma tc d6 trung binh ciia budc lam ngudi tir nhiét d6 duong pha 16ng (Tmer) cia dung
dich pha dén -20°C cita nhiét do dudng pha 16ng (dén Tmen khi Tmei nhé hon hodc bang
390°C) 1a 16n hon hodc bang 12°C/gidy, san pham thép tro thanh trang thai dugc lam
ngudi so bd. N6i chung, sy hinh thanh cac nhan chiém wu thé khi mtc d6 1am ngudi so
bd cao, va sy phat trién chiém wu thé khi mic d6 1am ngudi so bd la thép. Su hoa rin
cta 16p phu nay ciing tuan theo mdt hién tuong chung la léng dong kim loai. Do do, cac
vay kim loai can phai co $6 luong nhan thich hgp duoc tao ra va phat trién tiép, tde dd
lam nguoi va khoang cua né 1a cac diéu kién kiém soat dé tao ra mot muac do 1am ngudi

so bd nhét dinh.

Tuy nhién, muc lam ngudi so by qua mirc dan dén tang su hinh thanh cua cac
nhéin, va mic do lam ngudi cang gan nhiét 6 duong pha long thi cang lam tang kha
nang két tia cua qua trinh hoa ran. Do d6, khong thé kiém soat duoc su hoa rin, va su
hoa rén c6 thé bit dau tir bé mit. Do do, duge wu tién 12 dat gidi han trén va gioi han

duéi cua tde d6 1am ngudi trung binh trong mot khoang nhiét do cu thé.
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Cu thé, trong khoang tir 410 dén 370°C, toc d6 1am ngudi trung binh dugc dcﬁt
dén 16n hon hoic bing 12°C/gidy va nho hon 15°C/gidy. Noi cach khac, do toc do lam
ngudi thay doi dan dan va nhe nhang xung quanh 390°C, tbc d6 lam nguoi trung binh
trong khoang néu trén can duoc str dung khi 1dm ngudi trong khoang tir 410°C dén
370°C, dé chic chin tao ra cac vay kim loai thich hop trén bé mat cua 16p phu. Trong
trudmg hop trong d6 téc do 1am ngudi trung binh nim ngoai khoang néu trén, 16p hoan

thién bé mit ciia bé mit cua 16p phu thay dbi rét 16n.

Sau d6, sau khi san pham thép dugc dwa ra khoi dung dich phii nhing néng, san
phim thép duoc 1am nguodi trong cac didu kién ma tbc d6 trung binh cua bude lam ngudi
fir 370°C dén 150°C duoc dat dén nhod hon 12°C/gidy bang bude 1lam ngudi bang cach
thdi khi hodc 1am ngudi tw nhién, bang cach d6 hop phan phu duge lam ngudi chim.
Trong truong hop trong do hop phan phu khong dugc lam ngudi chdm tir 370°C dén
150°C, tdc do 1lam ngudi qua cao, $6 luong cua cac nhan dugc tao ra tdng, cac vay kim

loai khong phat trién (khong xuat hién), va cau tric min dugc tao ra.

Trong trudong hop khong thuc hién budc lam ngudi trong cac diéu kién ma t6c
d6 trung binh cta bude 1am ngudi tir 370°C dén 150°C duoc dit dén 16n hon hodc bang
4°C/giay, diéu nay gy ra su két tiia ctia pha hop chat (nhu pha Mg>Znyi hode pha MgZn)
ma c6 thé bi phan huy tir pha MgZn, thanh hop chat lién kim loai, lam cho 16p hoan
thién bé mat khong rd rang va ngin chin sy hinh thanh vay kim loai trong khoang nhiét
d6 nay. No6i cach khac, trong trudng hop dugc gitt trong viing c6 nhigt do cao trong mot
khoang thoi gian dai, pha hop chét gan véi pha can bang ban dau dugc két tia, nén pha
MgZn, mau xam dwgc minh hoa trén Fig.1 bi phan huy va bién vay kim loai tré nén
khong rd. Do d6, viéc tao ra cac vay kim loai bi anh hudng bt loi. Hon nita, ¢ su anh

huong khong mong mudn dén kha nang chong an mon.

Hon ntra, khi tdc d6 1am ngudi duoc giam lién tuc, sy thay ddi 16n khong xay ra
theo hudng hoa ran va hudng phat trién nhan. Tuy nhién, khi tdc d6 1am ngudi dugc ting
1én (chang han, tdc d6 1am ngudi dugc tang tr 7°C/gidy dén 10°C/giay), cac bat thuong
xay ra trong hudéng phat trién, anh hudng bt loi dén sy hinh thanh vay kim loai va lam
thay ddi rt 16n 16p hoan thién bé mit cliia bé mat ca 16p phi. Do do, can thiét kiém

soat budc lam ngudi tiép theo sau budce lam ngudi ¢ 370°C deé toc do lam ngudi dugc
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giam dan dan. N6i cach khac, khong can phai ting toc do 1am ngudi trong qua trinh nay

& nhiét 6 nim trong khoang tir 370°C dén 150°C.

Dic biét, su ting nhe tbc d6 lam ngudi c6 xu hudng anh hudng bat loi dén

(Lsurface)/(Lboarder) tl‘Ol‘lg Céng thﬁc 6, (Lmedium)/(Lboarder) tI'Ol’lg Cf)l’lg thl:l'C 7

Hon nita, toc d6 1am ngudi tdt hon 1a dugc dit dén nhé hon 10°C/gidy o nhiét
6 nim trong khoang tir 325°C dén 300°C. Piéu nay 1a do tinh thé c6 nhiéu kha ning
phét trién & nhiét d6 cao hon. Do d6, dwoc wu tién 1a 1am ngudi tinh thé chdm trong ving

nhiét d6 cao trong do tinh thé d& phat trién.

Nhu duoc md ta ¢ trén, trong budc 1am ngudi tiép theo sau budc 1am ngudi &
370°C, the d6 1am ngudi quéa thip 1a khong duoc wu tién vé 16p hoan thién bé mat vi su
phan hiy cia pha MgZn; din ra, va tbc d6 1am nguodi qua nhanh ciing anh huéng bat

loi dén su hinh thanh vay kim loai. Do do, can phai kiém soat tbc d6 1am ngudi.
Do d0, thu duoc san phém thép phu trong d6 cac vay kim loai dugce tao ra.

3 ddy, san phim thép phi dugc gia nhiét lai & lam néng chay lai 16p phu cla
no, bang cach do tat ca cac pha céu thanh bién mét va san pham thép ph ¢ dang pha
léng. Do do, chang han, ngay ca trong truong hop su dung san pham thép phu ma da
duoc xr Iy mot lan b:?mg budc td1 hodc budc tuong tu, co thé thu duoc san phém thép
phu cta sang ché trong budc xu 1y 1am ngudi thich hop bang cach gia nhiét lai theo
phuong thirc doc 1ap. Trong trudong hop nay, duoc vu tién 1a dit nhiét do dé gia nhiét lai
16p phu dén ngay trén diém noéng chay cta dung dich phu, nam trong khoang nhiét do
trong d6 16p hop kim Al-Fe khong phat trién quéa mirc.

Su hinh thanh céc vay kim loai b anh huéng manh boi phan tmg héa rén (toc
d6 1am ngudi) ctia 16p phu, vi tri tai d6 cac nhan da dugc hoa rén c6 thé duoc tao ra,
hudng giai phong nhiét, va twong tu. Trong truong hop trong do tdc d6 1am nguoi duge
duy tri, dé dang tao ra cac vay kim loai, nhung sai s6 xdy ra gitta cAc mau phu thudc vao
hinh dang duong nay, va cac vay kim loai khong nhit thiét phai dugc tao ra theo cung

mot phwong phap.

Piéu nay la do su hinh thanh vay kim loai c6 thé thay d6i phu thudc vao khi

dwoc thdi vao trong qua trinh 1am ngudi va muc d de dang cta bude lam ngud1 bé mat
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ctia 16p phu (yéu t6 theo mura). No6i cach khac, kho kiém soat sw hinh thanh vay kim loai
do 16p phi dwoc hoa ran b4t dAu tir mit phan cach cua kim loai nén cia 16p phi va bé
mat cua lop pht, nhung vay kim loai sy phat trién bat dau tir bé mat ctia i&p phu anh
hwong rat manh dén hoa van vay kim loai. Do d6, su hinh thanh va su phat trién ctia cac
vay kim loai bat diu tir mat phan cach ctia kim loai nén ctia 16p phi 1a bién phap dé lam

on dinh lién tuc hoa van vay kim loai.

Dé hoa rén 16p phu chi bing cach hinh thanh va phat trién cua cac vay kim loai
& mat phan cach cua kim loai nén ciia 16p phu, duoc wu tién 12 loai bo su xuét hién cua
qua trinh hoa rin 16p pht bé mit dwéi dang 161. Trong qua trich loai bo nay, bé mat cta
sin phim thép pht trude tién dwoc gia nhiét lai. Sau khii gia nhiét, 16p phi dwgc tiép xiic
lan nita voi moi trudng khi ¢ nhiét do cao tir vang trong do nhiét do nho hon 370°C,
gia nhiét lai nhiét d6 bé mat 16p phit nam trong khoang €t Tnetr @én Tinett -20°C, v duge
gilr trong khoang thoi gian nho hon 5 gidy, bang cach d6 su hoa ran bé mit ctia 16p phi
chic chin duoc loai bo. Sau d6, 16p pht duge 1am ngudi 1an nita theo lich st nhiét do,
do d6 c6 thé tao ra 16p pht chii yéu 13 do sy hinh thanh va phat trién ctia cac nhén da
dugc hoa rdn & mit phan cach, va hoa vin vdy kim loai dugc lam 6n dinh trong trudng
hop bét ky. Trong trudng hop trong d6 16p phu duoc giir trong khodng thoi gian 16n hon
hoiic bing 5 gidy, tAt ca cac 16p phii déu bi hoa tan, va do d6 can thiét thuc hién lai budc

lam nguoi sau khi giir trong thdi gian ngan.

Ngoai ra, tbc d6 trung binh ctia bude 1am ngudi tir nhiét do dudng pha long
(Tmelt) cua dung dlCh ph‘:l dén 370°C (trong khOéIlg Tmet + 10°C khi Tmert nhé hon hOéC
bing 390°C) c6 thé dwoc dat dén 12 + 5°C/gidy trong khoang nhiét do lam thay doi toc

do 1am ngudi.

Kha nang dé tao ra cac vay kim loai thay dbi phu thudc vao viéc lya chon thanh
phéan hoéa hoc thich hop cua 16p phu. Nhu dwoc mo ta ¢ trén, thanh phan héa hoc cua 16p
phu tét hon 14 gin véi dudmg eutectic Al-MgZn,. Néi cach khac, khi nong d6 Mg cta
16p phu cang gan trung vi ctia cong thirc 5, kha ning tao ra cac vay kim loai cang cao,
va cic phuong phéap khac cé thé dwgc ap dung ma khong bi gidi han & cac phuwong phép
néu trén. Nguoc lai, khi néng dd Mg cua 16p phu 1éch khoi trung vi ciia cong thirc 5, kha

ning tao ra cac vay kim loai giam, va phuong phap san xuét bi gioi han. Trir khi phuong
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phap san xuét 12 phwong phép di mo ta & trén, khong thi khong thé tao ra cac vay kim

loai.

Sau day, viéc hdu xur Iy ma co thé duoc 4p dung cho san pham thép phu cuia séng

ché sé duoc mo ta.

Mot mang c6 thé dugc tao ra trén 16p phu cla san pham thép phu clia séng ché.
Mot mang c6 mot hodc nhiéu 16p co thé duoc tao ra. Cac vi du vé mang dugc tao ra
ngay trén 16p phu bao gbm, chang han, mang cromat, mang phosphat, va mang khong
chira cromat. Qua trinh xtr 1y cromat, qua trinh xir Iy phosphat, va qué trinh xu 1y khong
chtra cromat dé tao ra cac mang nay co thé dugc thuc hién bﬁng cac phuong phap da
biét.

Céc vi du v& qua trinh xi [y cromat bao gbm xir 1y cromat dién phan dé tao ra
mang cromat bang phép dién phan, xtt Iy cromat phan tmg dé tao ra mang bang céach st
dung phan tmg v&i nguyén liéu va sau do rira sach dung dich xur Iy du, va xtr ly cromat
loai phtt d& phit dung dich xir 1y dén vét thé da dugc phu va 1am khé dung dich dé tao ra
mang ma khong can rira bang nude. Qua trinh xt Iy bét ky trong sb cac qué trinh x&t Iy

ndy c6 thé dugc chap nhan.

Mot vi du v& qué trinh xtr 1y cromat dién phéan 1a xir Iy cromat dién phan bang
cach sur dung axit cromic, dung dich keo silic oxit, nhua (nhu axit phosphoric, nhya
acrylic, nhua vinyl este, nhil twong vinyl axetat acrylic, latec carboxyl styren butadien,

hoic nhua epoxy dugc cai bien diisopropanolamin), va silic oxit ran.

Céc vi du vé qua trinh xtr 1y phosphat bao gbém xtu 1y phosphat k&m, xur Iy

phosphat k&m canxi, va xtr Iy phosphat mangan.

Qua trinh xr Iy khong chita cromat 1a d3c biét thich hop vi khong tao ganh nang
1én moi truong. Cac vi du vé qua trinh xir Iy khong chira cromat bao gdm qua trinh xir
1y khong chira cromat dién phan dé tao ra mang khong chira cromat bang phép dién phan,
qua trinh xt 1y phan rng khong chira cromat dé tao ra mang bang cach st dung phan
g v6i nguyén liéu va sau d6 rira sach dung dich xir 1y du, va qua trinh xtr ly dang 16p
phu khong chira cromat dé phu dung dich xur 1y dén vat thé d3 duoc phu va lam khé
dung dich dé tao ra mang ma khong can rira bang nudc. Qua trinh xit 1y bét ky trong s6

cac qua trinh xir Iy nay c6 thé duoc chap nhén.
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Ngoai ra, mot hodc nhiéu 16p mang nhya hitu co co thé duoc cun g cép trén mang
ngay O trén 16p phi. Nhya hitu co khong bi gi6i han ¢ mot loai cu thé nao, va cac vi du
vé no6 bao gé)m nhya polyeste, nhya polyuretan, nhya epoxy, nhya acrylic, nhya
polyolefin, va cac san pham bién tinh cta céc nhya nay. O day, thuat ngt “san pham
bién tinh” ding dé chi nhya thu duoc bang cach cho nhom chitc phan Gng dugc chira
trong cAu tric ciia nhya bat ky trong sb cac nhya nay phan tmg véi hop chét khac (nhu
monome hodc chét lién két ngang) chita nhom chirc c6 kha ning phan ung véi nhém

chue nay.

Pé 1am nhua hitu co nhu vay, mdt hodc nhiéu loai nhua hitu co (khong bién
tinh) c6 thé dwgc tron dé str dung, hoic mét hoic nhiéu loai nhua hitu co thu duge béng
cach bién tinh it nhat mot nhua hitu co khéac véi su c6 mit cua it nhit mot nhua hitu co
c6 thé duoc tron dé sit dung. Ngoai ra, mang nhwa hiru co ¢6 thé tiy ¥ chtra chét tao
mau va chét tao mau chéng gi. Cling c6 thé str dung nhua hitu co trén co s& nudce thu

duoc béng cach hoa tan hodc phan tan nhya trong nudec.
Vi du thue hi¢én sang ché

Sau day, sdng ché s& dugc md ta cu thé hon dya vao cac vi du. Tuy nhién, moi

vi du trong sd céac vi du nay khong gidi han sang ché.
ViduA

Dé thu duoc cac 16p phi co cac thanh phan héa hoc dugc thé hién trong cac
bang 1 va 2, lugng da dugc xac dinh trude cia thoi kim loai tinh khiét dwoc st dung va
duoc 1am néng chay trong 10 néng chdy chan khong, tiép theo tao dung dich phu ban
dAu trong khong khi. Dé tao ra cac t4m thép phu, thiét bi pht nhing néng loai theo mé

dugc st dung.

Dé 1am tAm nén cho 16p phi, tim thép can néng day 3,2mm (vét lidu c6 vay
thép can) (thanh phn hoa hoc: ndng do C = 0,16%, ndng d6 Si=0,01%, ndng do Mn =
0,44%, ndng d6 P = 0,017%, ndng dd S = 0,008%), duoc quy dinh trong JIS G 3131,

duoc stir dung.

Budc tiy md va tay gi (cu thé, tAm thép duoc tay gi bang cach ngdm tam thép

trong dung dich HC1 10% trong nugc ¢ 70°C trong 5 phit) duge thuc hién trén tam thép

55



44979 56/91

can néng ngay trude bude phu, nho d6 vay thép cin trén bé mat bi bong ra. Tam thép
can néng ma tir d6 vay thép céan trén bé mat da duoc lam bong ra dugc rira bang nude
va lam khd, va sau d6 tim thép can nong nay dugc dua dén trang théi trong d6 khong

c6 cac khuyét tat & 16p hoan thién bé mit dang ke.

Trong qua trinh san xuét tim thép phu bt ky, phwong phap xtt Iy khir twong tu
duoc 4p dung cho tim nén cho 16p pht cho t6i khi nhing trong dung dich pht. No6i cich
khéc, tim nén cho 16p phu dwoc gia nhidt tir nhiét d6 trong phong dén 800°C bang cach
gia nhiét bang dién trong moi trrong No-Ha (5%) (diém swong nho hon hodc bang -40°C,
ndng d6 oxy nhé hon 25ppm), giit trong 60 giy, lam ngudi dén nhiét dd dung dich phu
+ 10°C bang cach phun khi N, va dugc ngdm ngay trong dung dich phu. Thoi gian
ngam cua san pham thép phu bt ky trong dung dich phu duoc dat dén 5 gidy. Ap suat
gat khi N, duoc didu chinh va buée phu duge thuc hién dé chidu day cua 16p phu bang

30pm (+ 1pm), bang cach d6 tam thép phu dugc tao ra.
Sau d6, ndm budc phu sau day dugc thyc hién theo cdc bang 1 va 2.

Phuong phép san xuét A: Nhiét do dung dich phi dugc diéu chinh dén nhiét d6
duong pha 16ng (Tmer) ctia dung dich phu + nhiét do nim trong khoang tir 20°C dén
50°C. Sau d6, tim nén cho 16p phii dwgc xir Iy phu nhiing noéng trong cac diéu kién ma
sau khi nhic tim nén cho 16p phii ra khéi dung dich phti nhiing nong, tbc do trung binh
ctia budce 1am ngudi tir nhiét do dudng pha long ciia dung dich phu dén -20°C ctia nhiét
d6 dudng pha long duoc dit dén 16n hon hogc biang 12°C/gidy (tir 12 dén 30°C/gidy)
bing cach thdi khi, va tdc do trung binh ciia budc lam ngudi tir 370°C dén 150°C duoc
it dén nho hon 12°C/gidy va 16n hon hodc bang 4°C/gidy bang cach thoi khi hodc lam
ngudi ty nhién (khoang chép nhan duoc).

V& vén dé nay, tbc d6 lam nguoi trung binh trong khoang nhiét d6 nim trong
khoang tir 410°C dén 370°C 14 16n hon hodc bang 12°C va nho hon 15°C/giay.

Hon nita, téc do 1am ngudi tir 370°C dén khi hoan thanh qué trinh san xuit tim
thép phu duge kiém soat dé duoc giam xudng va khong dugc ting trong qua trinh lam
nguoi.

Phuong phap san xuit B: Nhiét d6 dung dich phu duge dat dén nhiét do duong
pha 10ng (Tmelr) cia dung dich phu + nhiét do ndm trong khoang tr 0°C dén 20°C. Sau
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d6, tAm nén cho 16p phu duge xt Iy phil nhing néng trong cac didu kién ma sau khi
nhic tAm nén cho 16p phi ra khoi dung dich pht nhiing nong, tbc d6 trung binh cla budce
1am ngudi tir nhiét d6 duong pha 1ong (Tumer) ctia dung dich phu dén -20°C ctia nhiét do
dudng pha 16ng (dén Tmei khi Tmer nhd hon hodc bing 390°C) dugc dat dén 16n hon
hodc bing 12°C/gidy (tr 12 dén 30°C/gidy) bang cach thdi khi, va téc do trung binh cua
bude lam nguoi tu 370°C dén 150°C duoc dat dén nho hon 12°C/giy va 16n hon hoac

bing 4°C/gidy bang cach thdi khi hoic 1am ngudi tu nhién.

V& van dé nay, toc d6 1am nguoi trung binh trong khoang nhiét do nim trong

khoang tir 410°C dén 370°C 13 16n hon hoéc bang 12°C va nhd hon 15°C/gidy.

Hon nita, tbe d6 lam nguéi tir 370°C dén khi hoan thanh qua trinh san xuét thm
thép phu dugc kiém soat dé khong duoc giam va khong dugce tang frong qua trinh lam
nguodi.

Phuong phép san xut B1: Nhiét do dung dich pht duoc dat dén nhiét do duong
pha 16ng (Tmel;) ctia dung dich pht + nhiét do nam trong khoang tir 0°C dén 20°C. Sau
d6, thm nén cho 16p phu d&gc xur 1y phti nhiing nong trong cac diéu kién ma sau khi
nhic tAm nén cho 16p phi ra khéi dung dich phu nhing nong, tdc d6 trung binh ctia budce
1am ngudi tir nhiét 46 dudng pha 16ng (Tmerr) cla dung dich phu dén -20°C clia nhiét do
dudong pha 16ng (dén Tmer khi Tmer nho hon hodc bing 390°C) duoc dit dén 16n hon
hodc bang 12°C/gidy (tir 12 dén 30°C/gidy) bang cach thdi khi, tbc d6 trung binh cta
bude 1am ngudi tir 370°C dén 300°C duge dit dén nho hon 12°C/giay va 1én hon hodc
bang 4°C/gidy bang cach thdi khi hodic 1am ngudi tu nhién, va ap suat khi dugc ting 1én
trong qua trinh nay dé tbc d6 trung binh cia bude 1am ngudi tir 300°C dén 150°C nam

trong khoang tu 12 dén 15°C/giay.

V& van dé nay, tbc do lam ngudi trung binh trong khoang nhiét do nam trong
khoang tir 410°C dén 370°C 1 16n hon hodc bang 12°C va nho hon 15°C/giay.

Phuong phéap san xuit B2: Nhiét d6 dung dich phu dugc dat dén nhiét do duong
pha 16ng (Tmei) ctia dung dich pht + nhiét do nim trong khoang tir 0°C dén 20°C. Sau
d6, tAm nén cho 16p phu duoc xur Iy pht nhiung néng trong cic diéu kién ma sau khi
nhéc tAm nén cho 16p phu ra khoéi dung dich phu nhiing néng, tdc do trung binh ctia budce

1am ngudi tir nhiét d6 duong pha 1ong (Tmeir) ctia dung dich phu dén -20°C ciia nhiét do
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duong pha long (dén Tumeit khi Tmerr nhd hon hodc bang 390°C) duoc dat dén 16n hon
hodc bing 12°C/gidy (tir 12 dén 30°C/giay) bing cach thdi khi, va tdc do trung binh cua
budc lam nguoi tr 370°C dén 150°C duoc dit dén nho hon 4°C/gidy bang cach lam

ngudi trong 10 gia nhiét héng ngoai.

V& van dé nay, tbc do lam ngudi trung binh trong khoang nhiét do nam trong

khoang tir 410°C dén 370°C 12 16n hon hodc bang 12°C va nho hon 15°C/gidy.

Hon nita, toc d6 1am ngudi tir 370°C dén khi hoan thanh qua trinh san xuét tim
thép phu duoc kiém so4t dé khong duoc giam va khong duge ting trong qué trinh lam
ngudi.

Phuong phap san xuat C: Nhiét do dung dich phu duge dat dén nhiét 46 duong
pha 16ng (Tmelt) cia dung dich phu + nhiét do nam trong khoang tr 0°C dén 20°C. Sau
d6, tAm nén cho 16p phti duogc xir 1y pht nhiing noéng trong céc diéu kién ma sau khi
nhic tAm nén cho 16p phii ra khéi dung dich phu nhing nong, tdc d6 trung binh ctia budce
1am ngudi tir nhiét d6 dudng pha 16ng (Tmelr) cia dung dich phu dén -20°C cua nhiét do
duong pha 16ng (dén Tamere khi Tmer nhé hon hodc bing 390°C) duge dit dén nho hon
12°C/giy (tir 0,1 dén 11,9°C/gidy) bing cach thdi khi hodc 1am ngudi tw nhién, va tdc
6 trung binh ctia bude 1am ngudi tir 370°C dén 150°C duoc dit dén nho hon 12°C/gidy

va 16n hon hodc bang 4°C/gidy bang cach thoi khi hodc lam ngudi tw nhién.

Phuong phép san xut D: Nhiét d6 dung dich phii duoc dat dén nhiét do dudng
pha 16ng (Tmer) cta dung dich phi + nhiét o nam trong khoang tir 0°C dén 20°C. Sau
d6, thim nén cho 16p phi dwgc xur 1y phu nhing nong trong céc diéu kién ma sau khi
nhic tAm nén cho 16p phu ra khéi dung dich phii nhing néng, tdc dd trung binh cuia bude
1am ngudi tir nhiét d¢ duong pha 16ng (Tmeir) cua dung dich phu dén -20°C cua nhiét do
dudng pha 16ng (dén Tmei: khi Tmer nhd hon hogc bing 390°C) dugc dat dén 16n hon
hoic bing 12°C/giay (tr 12 dén 30°C/giy) bing cach thoi khi, va toc d trung binh clia
budc lam nguoi tr 370°C dén 150°C duoc dat dén nho hon 12°C/gidy hodc 16n hon hodc
bing (tr 12 dén 20°C/gidy) bang cach théi khi.

Phuong phdp san xuét E: Nhiét d6 dung dich phu duoc dat dén nhiét 46 duong
pha 16ng (Tmer) ctia dung dich phi + nhiét 6 ndm trong khoang tir 0°C dén 20°C. Sau

d6, tAm nén cho 16p phii dwgc xir Iy phu nhiing nong trong cic di€u kién ma sau khi
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nhéc tim nén cho 16p phu ra khoi dung dich phi nhiing nong, tdc d6 trung binh cua budce
1am nguoi tir nhiét 6 dudng pha long (Twerr) cia dung dich phu dén -20°C cua nhiét do
dudmg pha 16ng (d&n Tmen khi Tmet nho hon hodc bing 390°C) duoc dit dén 1én hon
hoic bing 12°C/gidy (tr 12 dén 30°C/giay) bang cach thdi khi, va téc do trung binh ctia
bude 1am ngudi tir 370°C dén 150°C duogc dit dén 16n hon hodc bang 12°C/gidy (tir 12
dén 20°C/gidy) bang cach thdi swong mu.

Phuong phap sén xuét F: Nhiét @6 dung dich phu duge dat dén nhiét @6 duong
pha 16ng (Tmel)) cua dung dich phu + nhiét do nam trong khoang tir 0°C dén 20°C. Sau
do, tim nén cho 16p phu duge xi Iy phu nhing nong trong céc diéu kién ma sau khi
nhéc tim nén cho 16p pht ra khoi dung dich phi nhiing nong, tdc do trung binh cua bude
1am ngudi tir nhiét do duong pha 1ong (Tmey) cia dung dich phu dén 150°C cua nhiét do
duong pha 1éng duge dit dén 16n hon hodc bang 12°C/gidy (tir 12 dén 30°C/gidy) bang

cach thoi swong mu.

Phuong phéap san xut G: Nhiét d6 dung dich phu duge dat dén nhiét do duong
pha 16ng (Tmeit) cia dung dich pht + 20°C. Sau do, tAm nén cho 16p phu dugce xit Iy phi
nhtng néng trong cac didu kién ma sau khi nhic tim nén cho 16p phu ra khéi dung dich
phtl nhing néng, tbc d6 trung binh ciia budc 1am ngudi tir nhiét do duong pha long
(Tmet)) clia dung dich phit dén -20°C cua nhiét d6 duong pha 16ng (dén Tuel: khi Tt 1ho
hon hodc bing 390°C) dwoc dit dén 16n hon hodc bang 12°C/gidy (tir 30 dén 50°C/gidy)
bang cach thoi swong mu, va tdc dd trung binh cua bude 1am ngudi tir 370°C hodc 16n
hon duoc dit dén nhé hon 12°C/giay (tir 0,1 dén 11,9°C/gidy) bang cach théi khi hodc
lam ngudi ty nhién.

Danh gia

- Cac phuong phap do khac nhau -

Mau duoc cat ra khoi moi tam thép phi tao ra. Sau d6, cac muc sau day duoc

do theo phuong phap dwge moé ta & trén.

- Téng ty 1& dién tich cta pha Al va pha MgZn; (dugc viét 1a “Al + MgZny”

trong cac bang) |

- Ty 1€ dién tich ctia pha Zn (dugc viét 12 “Zn” trong céc bang)
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- Ty 18 dién tich cia cAu tric khac v6i pha Al, pha MgZny, va pha Zn (duoc viét

1a “khac” trong cac bang)

- Gia tri trung binh cua céc chiéu dai chu vi tich liiy ctia pha Al (dugc viét 1a

“chiéu dai chu vi pha Al” trong cc bang)

- Tong sb 1an xudt hién ciia pha Al c6 chiéu dai chu vi 16n hon hoic bang 50um
(dwoc viét 1a “tAn suét theo s6 luong cta pha Al” trong céc bang). Luu ¥ rang tong sb
lan xuét hién cua pha Al duoc viét trong cac bang trén co sé NG = 16n hon 100, G3 =

nho hon 100, G2 = nh¢ hon 50, va G1 =nho hon 10.

~ Ty 1¢ ctia céc chiu dai bi chiém boi pha Al va pha MgZn, & phia bé mat cua

lép hUp klm Zn'Al"Mg (Lsurface)

_T¥ 1¢ clia c4c chidu dai bi chiém boi pha Al va pha MgZn, ¢ trung tam chiéu

day cua 16p hop kim Zn-Al-Mg (Limedium)

- Ty 18 ctia céac chiéu dai bi chiém boi pha Al va pha MgZn; & phia san pham
thép ctia 16p hop kim Zn-Al-Mg (Lboarder)

Khi (Lsurface)/(Lboarder) thoa mén cong thirc 6, n6 duoc viét 12 “OK”, va khi

(Lsurface)/(Lboarder) KhOng thoa man cdng thirc 6, n6 duoc viét 1a “NG”.

Tuwong tu, khi (Lmedium)/(Lboarder) thoa mén cong thitc 7, n6 dugc viét 1a “OK”,

va khi (Lmedium)/(Lboarder) khdng thoa méan cong thirc 7, n6 duge viét 1a “NG”.

Hon nita, khi thanh phan hoa hoc ctia 16p pht théa man cong thirc 5, né duoc
vidt 14 “OK”, va khi thanh phan héa hoc khong thda man céng thic 7, nd duoc viét 1a

‘GNG)’.

Hinh vuéng c6 kich thude 20 x 20mm duoc cit ra khoi mdi tim thép phu tao ra
va thu duoc anh nhiéu xa tia X tir bé mat cua 16p phu. Cac didu kién do bao gdm sir
dung nhidu xa ké tia X (RINT 1500) va mdy do goc rong RINT 1000, sén xuat boi
Rigaku Corporation v6i ddu ra tia X & 40kV va 150mA, téc do quét bang 2°/phut, va

“budce bang 0,01°, va pham vi quét nim trong khoang tur 5° dén 90°. Khe tdi bang 1°, va
khe nhan 4nh sang bang 1° va 0,15mm. Tam thép pha duoc st dung dé nhan dang hop
chét lién kim loai Mg-Sn, trong d6 cuong d6 dinh nhiéu xa XRD dugc quan sat 1a 16n

hon hoac bé“mg 1000cps & 22,8° hodc mirc chénh léch cuong dd béng 500cps duoc xac
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nhén so véi nén, duoc xac dinh 12 “OK”. Trong tat ca cac tam thép phu tao ra, déu phat

hién duoc hop chét lién kim loai Mg-Sn.

Tt viéc quan sat anh dién tr tan xa nguoc SEM, xdc nhan duoc rang hop chat

lién kim loai Mg-Sn dugc chira trong pha Zn trong tAt ca cac thm thép phu tao ra.
- X4c dinh su ¢6 mat cua cac vay kim loai -

MJi tAm thép phi tao ra dugc quan sat bang mat thuong dé xac dinh su c6 mat

cta cac vay kim loai.

Trong truong hop trong do6 tam thép phu duoc quan sat bing mét thudng va cac
vay kim loai duge tao ra & ty 1¢ dién tich 16n hon hodc béng 90% trong vung c6 kich
thudc it nhat 100mm x 100mm, cho rang tAm thép pht c6 cac vay kim loai, va két qua

duogc thé hién 13 “OK” trong bang.

Trong Itc d6, trong truong hop trong d6, nho sy quan sat bang mét thuong tAm
thép phu, it nhét ty 1& dién tich cta vang ¢6 kich thuéc 100mm x 100mm 14 16n hon
hodc bang 90%, tAm thép phi c6 bé mat guong kim loai, phan twong tmg voi bé mat
guong kim loai (bé mit co do phan xa guong cao va hoi khong rd rang gidng nhu bé
mat cia guong va trong do hinh anh cua vat thé trén tAm thép phu dugc phan xa trén bé
mit 16p phu, hodc 16p hoan thién bé mit c6 d6 phan xa thép (I6p hoan thign bé mat c6
mau tring hoic mau xam kém trong d6 d6 phan xa thip va khong co hinh anh dwoc phan
xa), hodc phan twong ting véi vay kim loai khong dwoc xac nhan béng mét thuong, didu

d6 x4c dinh rang khong c6 vay kim loai, va n6 dugc viét 1a “NG” trong cac bang.

- Téc dung che gidu cac khuyét tat & 16p hoan thién bé mit (khao sat ludi 10 x

10) -

Dé xac dinh su c6 mit ctia cac vay kim loai, ving duoc quan sat ¢6 kich thudc
100mm x 100mm duoc chia hanh 100 luéi vudng c6 cac kich thuéc 10mm x 10mm.
Hon nita, trong trudng hop trong d6 khéng c6 16p phu, bé mat guong kim loai, phan
tuong ng véi bé mat guong kim loai, phﬁn c6 40 phan xa thép, nho giot do gat cac vét
dém, hoa vin khong dong déu, va twong tu dugc xac nhan bing mat thuong & mot hodc
nhiéu vi tri ¢6 kich thuéc 16n hon hoac bang Imm ngay ca khi cac vay kim loai dugc

tao ra bén trong mdi ludi, trudng hop nay duoc tinh 1a 1. Dya trén chi s0 nay, so dém

61

i



44979 62/91

16n hon hoic bang 5 duoc danh gia 1a “B”, s6 dém nam trong khoang tir 5 dén 3 duoc
dénh gi4 12 “G3”, s6 dém bing 3 hodic 2 dugc dénh gi4 13 “G2”, va s dém bang 1 hodc

0 dwgc danh gia 1a “G1”.
- Khao sét 16p hoan thién bé mit -

Mbi tAm thép pht tao ra dugc c&t thanh kich thuée 100 x 100mm, va mdi mau
cét dugc dé yén trong moi truong trong 72 gio, do 4m tuong ddi (relative huminity, RH)
95%, va 40°C. Khong gian mau (hé mau L*a*b*) ciia CIELAB (theo JIS Z 8729) trudc
va sau thtr nghiém dugc do. Sau do, viéc danh gia duge thuc hién theo c4c tiéu chuin

sau day.

Pé 1am thiét bi do, may do mau phd quang ké san xuét boi Konica Minolta, Inc.
(CM 2500d, dudng kinh do; 8 o, ngudn anh sang; 10°/D65 theo phwong thirc SCI) duogc
su dung.

A++: AE* nho hon 2.

A+: AE* 16n hon hodc bang 2 va nhd hon hodc bang 3.

A: AE* 16n hon 3 va nhé hon hogc bang 5.

B: AE* 16n hon 5.

- Khao sét can bang kha ning chbng n mon -

MJi tAm thép phu tao ra dugc cét thanh kich thuéc 3,2mm x 100 x 50mm, va
mdi mAu cit duge tham gia 30 chu ky thir nghiém JASO theo thir nghiém chu ky phun
nude mudi trung tinh (JIS H 8502). Trong s6 phan bé mit dAu cit va bdn bé mit dau cua
mau, bé mat trén va bé mat dudi duoc phu chbng thAm, va bé mit bén dugc danh bong
cho téi khi bude danh bong guong duge hoan thanh. Bé mat thang dung cua phan bé
mit ddu cét duogc phan tich hinh anh dé do ty 1¢ phan tram dién tich hinh thanh gi do
trong chiéu rong 3,2 x 100mm (phz:fm bé mat dau cit co 300 mat ludi, va su xuét hién
cua gi do dugc quan sat béng mat thudng). Hon nita, khoang céach 16n nhét cta duge gi
trang tao ra tlr phin bé mit du cét dudi dang bé mit dé danh gia 16p phi duge do. Sau
d6, viéc danh gia dugc thuc hién theo cac ti€u chuin sau day.

A++: Dién tich hinh thanh gi d6 nho hon 15%
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A++: Khoang cach 16n nhét cta gi trang tao ra nho hon Imm

A+: Dién tich hinh thanh gi d6 nhé hon 25%

A+: Khoéang cach 16n nhat ciia gi trang tao ra nhé hon 2mm

A Dién tich hinh thanh gi d6 nho hon 35%

A: Khoang céch 16n nhét ctia gi trang tao ra nho hon 3mm

B: Dién tich hinh thanh gi d6 16n hon hoéc bang 35%

B: Khoang cach 16n nhit cia gi tréng tao ra 1én hon hodc bang 3mm

Trong qua trinh danh gia dua trén cac ti€u chuin néu trén, hodc dién tich hinh
thanh gi d6 hodc khoang cach 16n nhét cta gi tréing tao ra, cai nao kém hon, dugc chap

nhan.
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Bang 1-1

, Tmett| Phuong Nhom Sn Ca

Sé | Phan loai hap s

O | ThAROH L agy | PR | Zn | Al |Mg| Sn | Bi|In| Ca | Y |La|Ce| Si

p | Yiduso |44 B 914 5 | 3]05/ 0|0l 0 |O|O|0O] O
sanh

o | Viduso | 5es B 99| 5 [35/05| 00l 0 |0]|0|0] O
sanh

3 | Yiduso | 44 B 94| 6 | 3/05/0]0] 0 |0]|0][0]| O
sanh

4 | Vidu |380 B 90,15| 6 |3,5/005/ 0]0] 0 000 0

5 | Vidu |380 B 8082 6 135/008/ 00 00|00 O

6 | Vidu |380 B 9% | 6 |35/01]0]0ol 0 ]0]0]0] 0

7 | Vidu |380 B 90.17] 6 |35/013/ 00| 0 0] 0] 0|01

8 | Vidu |380 B 90,15| 6 |3,5/0,15/ 0 0] 0 0] 00|01

9 | Vidu |380 B 9.1 6 |35]/02/0l0[ 0 ]0]0]0]01l

10 | Vidu |380 B 9 | 6 135035/ 00 0 0|0 0]005

11| Vvidu |380 B 8995 6 |3,5/04|0]0] 0 | 0| 0|0 005

12 | Vidu |380 B 899 | 6 |35/045[ 00| 0 | 0]0]0]005

13 | Vidu |380 A 809 6 |35/05/0[0] 0 |0]0][0] 0

14 | vidu |380 B 899 6 |35/05[0]0l 0o ]o0ojo]0] 0

15 | Yiduso | 5q, C 99| 6 [35/05]|0]0[ 00|00 0
sanh

16 | Yiduso | g4 D 899 | 6 |35/05/ 00000 0] O
sanh

17 | Yiduso | g4 E 809 | 6 |35/05|0]0] 0 0]0|0] O
sanh

1g | Yiduso | sq4 F 809 | 6 [35(05]0lo] 0o lo]olo]| o
sanh

19 | Yiduso | 3¢ G 899 | 6 [35(05[0]0l 0 ]0]0]|0] 0
sanh
Vidu so

20 | YLOUSO 390 B 8941 6 [4]05]|0]0l0]0|0]0]| 0
sanh

21 | Vidu | 390 C 8741 8 | 4]05/0]ol 0 0]0]0] O

gy | Yiduso | 45, B 863 8 | 5]05|0]0]o1|l0ofo|o0]| 0
sdnh

23 | Vidu | 410 B 849110 | 405/ 0]0]01]0]0]0]01

24 | Vidu | 420 B 839010 ] 5]05/0/0]01]0]0]0]01

25 | Yiduso | 44, B 829106 (05| 00[01]0]|0|0]01
sanh
Vi du so

26 | S5 |4 B 9 1214l 1 0lolo3l0]0]|0]03
sanh

27 | Vidu | 430 B g 12161 1 ]0ololo3/0o]o0]0]03

ag | Yiduso | s B % 11218l 11olojo3lolo0o]0]03
sanh

29 | Viduso | 440 B 79614 | 4] 1 JoJolo5]0[0]0]05
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30 | Vidu | 450 B 776 14| 6] 1 |0l0]05]0]0]0]05
31 | Vidu | 450 B 783 14 | 6 |08 0]0]02]0]0]0]03
32 | Vidu | 450 B 78514 | 6 |06 0]0]02]|0]0]0]03
33 | Vidu | 450 B 78,7 14 | 6 |04] 00]02/ 0|00 03
34 | Yiduso | 0, B 75,6 | 14 1 1ololos|ololo]o0s
sanh
35 | Yiduso | 4, B 777 | 16 1 1ololos|olo]o]|o02
sanh
36 | Vidu | 460 B 747 | 16 1 lololos|ololo]o02
37 | Yiduso | 44, B 71,7 | 16 1 1ololos5]ololo]o02
sanh
38 | Vidu | 470 B 7733| 17 001 0 10001 0] 000,05
39 | Vidu | 470 B 7728| 17 0,01] 0 | 00,0310,010,01/0,01] 0,05
40 | Vidu | 470 B 7729| 17 0,03 0 10003/ 0] 001005
41 | Viduy |470 B 77.24| 17 0,03] 0 | 00,05]0,01]0,01]0,01| 0,05
42 | vidu |470 B 7725| 17 0,05 0 ]0/005/ 0] 0] 00,05
43 | Vidu | 470 B 77.23| 17 155005 0 | 01007] 0 | 0 | 0 | 0,05
Vidu | 470 B 77.17] 17 5,500,005 0 [0]0,13] 0 | 0 | 0 | 0,05
Vidu | 470 B 771 | 17 |55]005] 0 o020 ] 0|0 005
Vidu | 470 B 77 117 [55]005] 0 [o]l0o3 ] 0] 0] 0]005
Vidu | 470 B 76.85| 17 15,5/0,05] 0 | 0045/ 0 | 0 | 0 [0,05
Vidu | 470 B 76,8 | 17 551005/ 0 [0]05] 000005
Vidu | 460 B 75.65| 18 | 6 0,15/ 0 [0]0,05] 0 | 0 | 0 |005
Vidu | 460 B 75.63| 18 | 6 0,15 0 | 00,07/ 0| 0 | 0 | 0,05
V———‘Ssr‘fhso 460 Bl 75.63| 18 | 6 (0,15 0 | 0/0,07| 0 | 0 | 0 | 0,05
V—lsg—l‘fl—l@ 460 B2 7563| 18 | 6 [0,15] 0 [ 0[0,07| 0 | 0| 0 |005
Vidu | 460 B 75.57| 18 | 6 |0,15] 0 [ 00,13 0 | 0 | 0 | 0,05
54 | Vidu | 460 B 755] 18 | 6 |0,15/ 0 [0]02 [0 [0 |0 |005
55 | Vidu | 460 B 754 18 | 6 10,15/ 0 |0 03| 0|0 |0 ]005
56 | Vidu | 460 B 7525 18 | 6 0,15/ 0 [0]045] 0 | 0 | 0 ]0,05
57 | Vidu | 460 B 7521 18 | 6 |0,15] 0 [0]05] 0] 0|0 005
58 | Vidu | 450 B 722119615/ 0]0]05]0[0]0]02
59 | Vidu | 450 B 7341196 107/0/0[02/0[0]0]01
60 | Vidu | 450 B 7361196 105/ 0]0]/02]0]0/[0]0,1l
61 | Vidu | 450 B 738196 ]03[0]0][02/0]0]0]0.]l
62 | Vidu | 450 B 739196 ]02[0]0[02]0]0]0]0,L1
63 | Vidu | 450 B 74 11916 101]0]0/02]0]0]0]0,1
64 | Vidu | 450 B 74.05| 19 | 6 10,05 0 [0]02] 0] 0|0/ 01
65 | Vidu | 460 B 692119 9| 15[ 0]0]05][0[0]0]02
66 | Vidu |470 B 73.05| 20 16,5/ 0200005000/ 01
67 | Vidu |470 B 73.03] 20 |65/ 02000070010 |0,
68 | Vidu |470 B 72.95| 20 16,5/ 021 0 ]0]0,13] 0 |0,01]0,01] 0,1
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69 | Vidu |470 B 72.88] 20 16,5/ 02 ] 0 0] 02| 0 [0,01]0,01] 0,1
70 | Vidu | 470 B 72,78] 20 |65/ 02 0 0] 03 | 0 [0,01]0,01] 0,1
71 | Vidu |471 B 729120 l65/02]0l0]lo03]0o]o]lo] o
Béang 1-2
Nhom Cr Nhém Sr | Tong | Tong | XRD
36 | Phan loai | c@a c@a
0| Phantoai | o |\l oo | v INb|CulMn|Fe | St|Sb|Pb| B | nhom |nhom| M&S
Cr Sr n
| Miduso ol g o lolololololollolololo]| o 0 | OK
sanh
o | Miduso | ol gl g lolololololoijolololo] o 0 | OK
sanh
3 | ¥iduso | ol gl o lolololololoijolololo] o 0 | OK
sanh
41 vidu |oJoilololololo]loloijo]o]o10o] 0 |0l |OK
5| vidw |olo]o1lolololololoi/ololo4 0] 0 |04]| OK
6| vidu |01l olo]o]lololololollo]ojo2/0] 0 [02]OK
7] vidu [oJolojo]lololololoijojojlojo| 0 0 | OK
8| vidu |0/ o0]ololo]olololoijoj0o]O0]O] O 0 | OK
9| Vida |0/lolo]|olololololo1/0]0]0[0] O 0 | OK
10| vidu lolololo]lololololol/ojolo]o]| O 0 | OK
11| vidu o]olojolololololoijolojolo| 0 0 | OK
12] vide |o]o]lololo]o]o]jo0]01[0][0]0]0] 0 0 | OK
13] vidu |o]o]lo]olololololoifo]o]0o]0] O 0 | OK
14] vidw |o]o]o]olololololoifo][o]o]o]| 0 0 | OK
15| Yiduso | ool gl olololololoijolololo]| o 0 | OK
sanh
Vidu so
16| ause | ot g1 glolololololotjololojo] o 0 | OK
sanh
Vi du so
7l Ause g g tololololololotloloflo]o] O 0 | OK
sanh
Vi du so
1| A9use 5 gl g lolololololfotjolo[0]|0] O 0 | OK
sanh
Vi du so
| Ao 5 51 olololololololjololo|o]| O 0 | OK
sanh
p0| Yiduso | ol g 1ol olololololoifolojofo]| o© 0 | OK
sanh
21| vidu lo]olololololojo]oi[0ol0[0]0O]| O 0 | OK
9| Yiduso | ol g o lolololololotjoflolo]o]| o 0 | OK
sanh
23| vidu J01] o] o]olololo|o]o102/0/0]0] 01 |02 OK
24| Viduw |04]0]ololo]o]o]o]o102[0[0[0] 01 |02]OK
25 | ¥iduso 1oy o 1ol oo |ofo]|o0lo0102{0f0f0]| 01 |02]| OK
sanh
26 | Viduso | 0 |01l 0o ]ololo]olo1lofo2{0[0]f 01 ]02]OK
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sanh
27| Vidu 0(01/0(0|0|J0]|0]01010]02[0]0] 0,1 0,2 | OK
28 V—IQILSQ 0(01/0;0|0]0]0]|O0]01]0]02/0]0]| 0,1 0,2 | OK
sanh
Vi du so
29| ———|0|01]01/0]0|0|0]0101/0]0]O0]02] 0,1 0,2 | OK
sanh
30| Vidu 0010100 |]0|0]0][01]0]0]0]02] 0,1 0,2 | OK
31| Vidu 0/0101/0|0]0]0]01]01]0]0]0102] 0, 0,2 | OK
32| Vidu 0/01]01/0|0|0|0]0]01]0]O0]0]02] 0,1 0,2 | OK
33| Vidu 0l0101{0|0]/0[0]0/01[]0]0]0102] 0,1 0,2 | OK
34 M“—SQ 0/0]01]0|0|0O|0O]O0O]01[0|0|0]02 0,1l 0,2 | OK
sanh
35 Mw olo|o0(01l0|0]|0O|O]|O01]0|04/0]0] 0,1 0,4 | OK
sénh
36| Vidu o|o0lo01J01{0]|0]|0]O0]|01]0]04/0]0] 0,1 0,4 | OK
37 Mw ololojo1,0/0({0O|O|01[0(04/0 0] 0,1 0,4 | OK
sanh
38| Vidu 0o/l0|0]0|0O|0]|0/]0|01/O]0]O0]O 0 0 OK
39| Vidu o|loj0]0|0]0]|0]0]01]0]0]O0]O 0 0 OK
40 | Vidu o|0l0]0]0]|]0]0]0]01/]0]0]0]O 0 0 OK
41| Vidu 0/0]|0]0|]O0O|0O]|]0O[0[0,I/]O]J]O]O]O 0 0 OK
42| Vidu o|lo]0|0]|]0|]0]|0]0]01]O0O]O0]O0]O 0 0 OK
43| Vidu o/lo0o[0]0]|]0]0]0[0]01]0]0]0]O 0 0 OK
44 | Vidu o/l0(0]0]0]|]0]|0]001]0][0]0]O 0 0 OK
45| Vidu 0/0|{0]|0]0]0]|0]0]01]0]0]0]O0 0 0 OK
46 | Vidu 0/0[0|0]0[0]0]0]01]0]0]0]0 0 0 OK
47| Vidu o|l0/0|0]|0|0]0]0]01]0]0]0]O0 0 0 OK
48 | Vidu 0/0|0|0[]0]0]0]0[01/0]0]0]O0 0 0 OK
49| Vidu 0/0[0]|0[0[0]0]0]01]0]0]0]O0 0 0 OK
50| Vidu olol0|0|O0O|0O]0]0]01[0]0]0O0 0 0 OK
51 M—S—O 0/0/l0]0]0]0]0|01/01]0]0]0]O0 0 0 OK
sanh
5o | Yiduso | 515 g lofololo]oloifolojojo|l o | 0 |OK
sanh
53| Vidu ololo|o0O|0O]|]0O|0]|]0O|01[0]0]0]O 0 0 OK
54| Vidu | 0/0]0[0/]0]0]0]0101/0]0]0,0 0 0 OK
55| Vidu olo|l0|0]|0]0]0]0]01[{0]0]0]O0 0 0 OK
56| Vidu olo|l0|0]|0O]0]|0]0]01[0]0]0]0 0 0 OK
57| Vidu ololo|lo|0O|]0O|0O|0O|0O1[{0|0][0]O 0 0 OK
58 | Vidu ololo|olo1]oj0o|l0]01/0]0]O0|04 01 0,4 | OK
59| Vidu ololo|lolo1]o]0o]|0]01/0]0]0]|04 01 0,4 | OK
60| Vidu ololo|olo1]0]0|0]01/0]0]O0 04 0,1 04 | OK
61| Vidu ololo|olo1/0]|0]|0]01/0]0]|0]104 01 04 | OK
62| Vidu ololo0ol01]01/0/0[0]01/0]0]0]04 01l 0,4 | OK
63| Vidu ololololo1]0|0]0]01]0]0]0]|04] 01 0,4 | OK
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64| Vidu 0/0|0]0]01[{0]|0]0]J01/0][0)]0]04] 01 | 04 | OK
65| Vidu o/lolo|o0o]o1l0|0]0]01/{0]0]0]04] 01 | 04 | OK
66 | Vidu 0/0|0|0|0][]0][0]0]01]0]0]0]0 0 0 OK
67| Vidu 0/0(0]0/0/0]0]0]01[{0]0]0]0 0 0 OK
68| Vidu 0/0]0/0/]0]0]0]0101/0]0]0]0 0 0 OK
69| Vidu 0/0(0[0},0]0/0]0101/0]0]0]0 0 0 OK
70 | Vidu 0/0l]0|0]0]0[0]0|01]0]0]010 0 0 OK
71| Vidu 0/0/]0]0/]0]0]0]0]01]0]0[0]O 0 0 OK
Bang 1-3
Chidu Tan sue}t
| , TY 16 dién tich  |dai chu| 0 %0
Xac dinh cac cong thiric tir 1 dén 5 Y 0/ . lugng
Yo vipha| _,
. ' Al | cua pha
So | Phan loai Al
Ca -0,25+Cr+Ti 0.54Sr Gidihan | Gidihan | Xac )
Sn (Y+La +Ni+Co+V +S’b Pb dudicta | tréncua | dinh | Al+ 7 Nguyén| (mm (S6
-(Bi+In) +C +Nb+Cut+M B cong thire|cong thirc| cong | MgZn, M1 6 khac /mm?) | luong)
| n 5 5 | thics
1 Vl—sglllfg 0,5 0 -0,25 -0,5 12,9993 |3,0013| OK | 65 |35 O 60 NG
2 V—lséi‘:]lh'& 0,5 0 -0,25 -0,5 |2,9993 | 30013 | NG | 65 |35/ O 100 | NG
3 y;—g:ﬁ 0,5 0 -0,25 -0,5 |3,1331 | 3,5831 | NG | 65 |35| O 140 | NG
4| Vidu | 0,05 0 0,25 -04 3,1331 35831 | OK | 70 [30] O 80 Gl
5| Vidu | 0,08 0 -0,25 0,1 |3,1331 13,5831 | OK | 70 |30 O 85 Gl
6 | Vidu 0,1 0 -0,25 -0,3 |3,1331 | 3,5831 | OK | 70 |30 O 80 Gl
7| Vidu | 0,13 0 -0,25 -0,5 [3,1331 13,5831 | OK | 70 |30 O 80 Gl
8 | Vidu | 0,15 0 -0,25 -0,5 |3,1331 |3,5831 | OK | 70 |30] O 80 Gl
9 | Vidu 0,2 0 -0,25 -0,5 |3,1331 3581 | OK | 70 |30, O 80 Gl
10| Vidu | 0,35 0 -0,25 0,5 |3,1331 135831 | OK | 70 [30] O 80 Gl
11| Vidu 0,4 0 -0,25 -0,5 |3,1331 |/3,55831 | OK | 70 |30 O 80 Gl
12| Vidu | 045 0 -0,25 -0,5 |3,1331 35831 | OK | 70 (30| O 80 Gl
13| Vidu 0,5 0 025 | -0,5 |3,1331]3,5831 | OK | 70 |30 0 80 Gl
14| Vidu 0,5 0 -0,25 -0,5 |3,1331 35831 | OK | 70 |30 O 80 Gl
15 ——V;i‘;hso 05| 0 | 025 | -05 |3,1331[3581| OK | 65 |35 0 | 8 | G3
16 V—lsgll:—% 0,5 0 -0,25 -0,5 |3,1331 3,581 | OK | 65 35| O 85 G2
17 V—lsé%:ﬁ 0,5 0 -0,25 -0,5 |3,1331|3,5831 | OK | 65 (35| O 85 NG
18 _\_/ls_g.ln}_lgg 0,5 0 -0,25 0,5 |3,1331|3,5831 | OK | 65 |35 O 30 NG
19 ____Vls;illllhso 0,5 0 -0,25 0,5 |3,1331 3,581 | OK | 65 |35 O 40 NG
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Viduso
20| TP 05 |0 025 | 05 |3,1331|3,5831| NG | 80 [20] 0 | 90 | NG
21| Vidu | 05| 0 025 | -05 | 3421147095 | OK | 70 (30| 0 | 30 | G2
221 l‘s;dl‘l‘ﬁ 05 | 0,1 025 | -05 | 34211 |47095 | NG | 75 |25 0 | 110 | NG
23| Vidu | 05 | 0,1 015 | -03 |3,7363 57863 | OK | 75 [25] 0 | 40 | G2
24| Vidu | 05 | 01 0,15 | 03 |3,7363 /57863 | OK | 80 20| 0 | 40 | G2
25 %ﬂ‘l‘fg 05 | 01 015 | 03 |3,7363|5783 | NG | 85 |15 0 | 110 | NG
26 ——V‘S;ll‘llhso ] 03 015 | 03 | 40787 | 68135 | NG | 80 20| 0 | 120 | NG
27 Vida | 1 | 03 | 015 | -03 | 40787 |68135| OK | 85 |15 0 | 50 | Gl
28 V—‘S%‘hﬁ 1| 03 | 015 | -03 |40787|68135| NG | 90 |10 0 | 100 | NG
29 %;lh—s—o 1 | 05 | -015 | -03 | 44483 |7,7911 | NG | 80 [20| 0 | 110 | NG
30| Vidu | 1 | 05 015 | -03 | 44483 | 77911 | OK | 85 |[15] 0 | 30 | G2
31| Vide | 08 | 02 | 015 | 03 |44483 | 77911 | OK | 85 |[15| 0 | 30 | G2
32| Vide | 06 | 02 | 015 | 03 |44483 | 77911 | OK | 85 |15| 0 | 30 | G2
33| Vide | 04 | 02 | 015 | 03 |44483 | 77911 | OK | 85 |15| 0 | 30 | G2
34 “Tg;‘ﬁ 1 | 05 | -015 | -03 |44483|7,7911 | NG | 90 [10| 0 | 100 | NG
35 V———‘Sgr‘l‘hso 1 | 05 | 015 | -01 |48451|87191| NG | 8 |15| 0 | 100 | NG
36| Vide | 1 | 05 | 015 | 01 4845187191 | OK | 90 |10| 0 | 40 | Gl
37 V—‘S%‘l"hﬁ 1 | 05 | -015 | -0,1 | 48451 (87191 NG | 95 | 5| 0 | 110 | NG
38| Vidy | 001 | 001 | -025 | 05 | 50537 |9,1645 | OK | 90 |10| 0 | 40 | GI
39| Vidu | 001 | 0 025 | 05 | 5053791645 | OK | 90 [10| 0 | 40 | Gl
40| Vidy | 003 | 003 | 025 | 05 |50537|91645| OK | 90 |10| 0 | 40 | Gl
41| Vidu | 003 | 002 | 025 | -05 |50537|91645| OK | 90 [10| 0 | 40 | Gl
2| Vide | 005 | 005 | -025 | 05 | 50537 |9,1645| OK | 90 |10| 0 | 40 | GI
43| Vide | 005 | 007 | -025 | 05 | 50537 |9,1645| OK | 90 |10| 0 | 40 | GI
44| Vidy | 005 | 013 | 025 | -05 | 5053791645 | OK | 90 [10] 0 | 40 | Gl
45| Vidy | 005 | 02 | 025 | 05 |50537|91645| OK | 90 [10| 0 | 40 | Gl
46| Vidy | 005 | 03 | 025 | 05 |50537|91645| OK | 90 |10| O | 40 | Gl
47| Vidy | 005 | 045 | 025 | 05 | 5053791645 | OK | 90 [10] O | 40 | Gl
48| Vidy | 005 | 05 | 025 | -05 |50537|9,1645| OK | 90 [10| 0 | 40 | Gl
49| Vidu | 015 | 005 | 025 | -05 | 5269195975 | OK | 90 |10| 0 | 40 | Gl
50| Vidu | 015 | 007 | -025 | 05 | 5269195975 | OK | 90 |10/ 0 | 40 | Gl
51 X‘Sé%‘;f‘—’ 015 | 007 | 025 | -05 |52691|95975| OK | 80 |20| 0 | 50 | NG
52 %‘fh—sg 015 | 007 | -025 | -05 |52691|95975| OK | 65 |35 0 | 9 | Gl
53| Vide | 05| 013 | 025 | 05 | 5269195975 | OK | 90 [10| 0 | 40 | GI
54| Vidu | 045 | 02 | -025 | -05 |52691[9,5975| OK | 90 [10] 0 | 40 | Gl
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55| Vidu 0,15 0,3 -0,25 -0,5 | 52691 | 9,5975 | OK 90 |10 0 40 Gl
56| Vidu 0,15 | 045 -0,25 -0,5 | 52691 | 9,5975 | OK 90 |10 0 40 Gl
57| Vidu 0,15 0,5 -0,25 -0,5 | 52691 | 9,5975 | OK 90 |10 0 40 Gl
58| Vidu 1,5 0,5 -0,15 -0,1 | 54913 110,0181| OK | 85 [10] 5 40 Gl
59| Vidu 0,7 0,2 -0,15 -0,1 | 54913 110,0181| OK 85 |10 5 40 Gl
60| Vidu 0,5 0,2 -0,15 -0,1 5,4913 10,0181 OK 85 |10 5 40 Gl
61| Vidu 0,3 0,2 -0,15 -0,1 | 54913 10,0181 OK 85 |10 5 40 Gl
62| Vidu 0,2 0,2 -0,15 -0,1 | 54913 10,0181 OK 85 |10 5 40 Gl
63| Vidu 0,1 0,2 -0,15 -0,1 |54913 [10,0181| OK 85 |10 5 40 Gl
64| Vidu 0,05 0,2 -0,15 -0,1 | 54913 [10,0181| OK 85 |10 5 40 Gl
65| Vidu 1,5 0,5 -0,15 -0,1 | 54913 10,0181 | OK 9 | 5 5 20 Gl
66| Vidu 02 | 005 -0,25 -0,5 |5,7203 |10,4263| OK | 90 |5 5 30 Gl
67| Vidu 0,2 0,07 -0,25 -0,5 | 5,7203 [10,4263| OK 9 | 5 5 30 Gl
68| Vidu 0,2 0,11 -0,25 -0,5 | 5,7203 104263 | OK 9 |5 5 30 Gl
69| Vidu 0,2 0,18 -0,25 -0,5 | 5,7203 [ 10,4263 | OK 90 | 5 5 30 Gl
70| Vidu 0,2 0,28 -0,25 -0,5 |5,7203 | 10,4263 | OK 9 |5 5 30 Gl
71| Vidu 0,2 0,3 -0,25 -0,5 | 5,7203 |10,4263| OK 9 |5 5 30 Gl

Bang 1-4
o R Cac cong
A , o , Cong | Cong , . .
Cong thic 6 | Cong thic? thic 8 | thic 9 thuclllo va Swed | ppao st Khao sat | Can bang
£ A : matcual, . 16p hoan | kha ning
SO | Phan loai ) ) 0,01< | 0,05< SH0,02=C 4 vay hbi 100 thién bé chéng an
Loutce | XAC | Lmeaum| Xac | Mg ’Sn JCa a Kim loai 100 it mon
/Lboara | dinh | Mioad | dinh | >5,0 <025 | <05 hodc : :
’ ’ Sn<Ca
1 ylszd';lh& 12 | OK | 1,15 | NG | NG | NG NG NG OK B A+ B
2 V_ISS% 0,87 | NG | 1,I5| NG | NG | NG NG NG OK B A+ B
3 V——;g;lhso 12 | OK | 106 | NG | NG | NG | NG | NG | NG | B | A+F B
4 Vidu 1,056 | OK | 1,03 | OK | NG OK NG NG OK Gl A++ B
5 Vidu 1,05 | OK | 1,02 | OK | NG OK NG NG OK Gl A+ B
6 Vidu 1,05 | OK | 1,03 | OK | NG OK NG NG OK Gl A++ B
7 Vidu 1,04 | OK | 1,02 | OK | NG OK NG NG O_K Gl A+ B
8 | Vidu [ 1,05 OK [ 1,01 | OK | NG | OK | NG NG OK Gl A++ B
9 | Vidu | 1,06 | OK | 1,04 | OK | NG | OK | NG NG OK Gl A+ B
10| Vidu | 1,06 | OK | 1,03 | OK | NG | NG | NG NG OK Gl A++ B
11| Vidu 1,05 | OK 1,04 OK | NG | NG NG NG OK Gl A+ B
12| Vidu 1,05 | OK | 1,03 | OK | NG NG NG NG OK Gl A+ B
13| Vidu 1,05 | OK | 1,03 | OK | NG NG NG NG OK Gl A++ B
14| Vidu 1,03 | OK | 1,01 | OK | NG NG NG NG OK Gl A++ B
15 'Vis_g:llhio 1,15 OK | 1,14 | NG | NG NG NG NG NG A+ B
16 | Viduso | 0,88 | NG | 087 | OK | NG NG NG NG NG A+ B
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sanh

17 %hﬂ 076 | NG | 081 | OK | NG | NG | NG | NG | NG | B Adt B
18 %ﬁﬁo 09 | OK | 085 | OK | NG| NG | NG | NG | NG B At B
19 %mw 059 | NG | 088 | OK | NG | NG | NG | NG | NG | B | A+ B
20 %nhw 048 | NG | 077 | OK | NG | NG | NG | NG | NG | B | A+ B
21| Vidy | 088 | NG | 095 | OK | NG| NG | NG | NG | OK | G3 | A+t B
2 LSSS%& 08 | NG | 1,18 | NG | OK | NG | OK | NG | NG | B B B
23| Vidu | 108 OK | 1,05 OK [ NG| NG | OK | NG | OK | G2 | At+ B
24| vidw | 107 oK | 105 OK | OK | NG | OK | NG | OK | G2 B
25 V—‘S‘Sf 068 | NG | 088 | OK | NG | NG | OK | NG | OK | B B
26 ———V‘S;‘r‘:hso 067 | NG | 09 | OK [ NG| NG | OK | NG | NG | B | A+ B
27| Vidu | 099 ] OK | 1,05 | OK | NG | NG | OK | NG | OK | Gl B
28 y—‘s?dl‘]lhﬁ 085 | NG | 0,77 | OK | NG| NG | OK | NG | NG | B B B
29 ————Vggr‘fhso 136 | OK | 125 | NG | NG | NG | NG | NG | NG B At B
30| Vidu | 108 | OK | 1,00 | OK | OK | NG | NG | NG | OK | G2 B B
31| Vidu | 107 | OK | 1,00 | OK | OK | NG | OK | NG | OK | G2 B B
3| Vidu | 105] OK | 101 | OK | OK | NG | OK | NG | OK | G2 B B
33| Vidy | 1,04 | OK | 1,05 | OK | OK | NG | OK | NG | OK | G2 B B
34 V‘Tgr‘fﬂs—‘) 123 OK [ 1,12| NG | OK | NG | NG | NG | NG | B B B
35 Mlsgdr‘fﬁ 131 | OK | 1,17 | NG | NG | NG | NG | NG | NG B At | A+
36| Vidu | 1 | OK | 1,02] OK | OK | NG | NG | NG | OK | Gl B B
37 Vl—sgr‘ffg 112 | OK | 135| NG | OK | NG | NG | NG | NG | B B B
38| Vidu | 102 | OK | 099 | OK | OK | OK | NG | NG | OK | Gl B B
39| Vide | 1,02 oK | 1,02 OK | OK | OK | NG | OK | OK | Gl B B
40| Vidy | 1,03 | OK | 1,03 OK | OK | OK | NG | NG | OK | Gl B B
41| Vidu | 1,04 OK | 101 | OK | OK | OK | NG | OK | OK | Gl B B
2] Vide | 1 |OK | 1,00 OK | OK | OK | NG | NG | OK | Gl B B
43| Vidu | 1,01 | OK | 1,03 OK | OK | OK | OK | OK | OK | Gl A A
44| Vide | 1 |OK | 101 | OK | OK | OK | OK | OK | OK | Gl | A+ | A#t
45| Vidu | 102 | OK | 103 | OK | OK | OK | OK | OK | OK | Gl | A+ | Aft
46| Vidy | 103 | OK | 1,03 | OK | OK | OK | OK | OK | OK | Gl | A+ | A+t
47| Vidw | 102 oKk | 1 |OK|OK| OK | NG | OK | OK | Gl B B
43| Vidy | 1,02 OK | 1,020 OK | OK | OK | NG | OK | OK | Gl B B
49| Vidg | 1,03 OK | 1,03] OK | OK | OK | NG | NG | OK | Gl B B
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50| Vidu | 103 | OK | 1,00 OK | OK | OK | OK | NG | OK | Gl A
51 M‘fﬂﬁ- 088 | NG | 1,13 | NG | OK | OK | OK | NG | NG B B B
52 #Vlsgr‘fhso 088 | NG | 1,13 | NG | OK | OK | OK | NG | NG B B B
53| Vidu | 1,01 | OK | 1,01 | OK [ OK | OK | OK | NG | OK | Gl A+ A+
54| vidg | 1,02] OK | 1,02 | OK | OK | OK | OK | OK | OK | Gl | A | Aff
55| Vidu | 1,02 | OK | 101 | OK | OK | OK | OK | OK | OK | Gl | A++ | A+t
56| Vidu | 1,01 | OK | 1,00 | OK | OK | OK | NG | OK | OK | Gl A A
57| Vidu | 1,01 | OK | 1,020 | OK | OK | OK | NG | OK | OK | Gl B B
58| Vidu | 098 | OK | 1,02 | OK | OK | NG | NG | NG | OK | Gl B B
50| Vidu | 101 | OK | 1,01 | OK | OK | NG | OK | NG | OK | Gl B B
60| Vidu | 1 | OK | 1,001 | OK| OK| NG | OK | NG | OK | Gl B B
61| Vidu | 1,02 OK | 101 | OK | OK | NG | OK | NG | OK | Gl B B
62| Vidu | 1 | OK | 1,01 | OK | OK| OK | OK | NG | OK | Gl | A+t | A+
63| Vidu | 101 | OK | 1,00 | OK | OK | OK | OK | OK | OK | Gl | A+ | A+t
64| Vidu | 1,03 | OK | 1,03 | OK | OK | OK | OK | OK | OK | Gl | A+t | A+
65| vidg | 097 | OK | 1,01 | OK | OK | NG | NG | NG | OK | Gl B B
66| Vidu | 1,02 | OK | 099 | OK | OK | OK | NG | NG | OK | Gl B B
67| Vidg [ 104 OK | 1 |OK | OK | OK | OK | NG | OK | Gl A A
68| Vidu | 1,05 OK | 1,01 | OK | OK | OK | OK | NG | OK | Gl A A
69| Vidu | 1,06 | OK | 1,02 | OK | OK | OK | OK | NG | OK | Gl A A
70| Vidu | 102] OK | 1,05 OK | OK | OK | OK | OK | OK | Gl | A+t | A+
71| Vidu | 202 ] OK | 205 | NG | OK | OK | OK | OK | OK | Gl A+ A+

Bang 2-1

) Tmet | Phuong Nhoém Sn Nhom Ca

Sé |Phan loai hap s2 .

0 antoat (°O) P iﬁ;tan Zn |Al|Mg| Sn | Bi | In | Ca | Y |La|Ce | Si

72 | Vidu | 470 B 7265/ 20| 65] 02 | 0 | 0 |045/ 0] 01001

73 | Vidu | 470 B 72612065021 0] 0 ]05]0[0]0]01

74 | Vidu | 471 B 731120065021 0 0| 0 [0]0]0]01

75 | Vidu | 470 B 71621 7 Jo25] 0 ] 0 |005/0]0]0]0

76 | Vidu | 470 B 7158/ 21| 7 |025] 0 | 0 |007|0]0]0]0

77 | Vidu | 470 B 7152]21] 7 |025] 0 | 0 |013|0]0]0]0

78 | Vidu | 470 B 7145021 7 {025 0 ] 0 |02 ]0]0]0]0

79 | Vidu | 470 B 7135/ 21| 7 |o025] 0 | 0 |03 |0]0]0]0

80 | Vidu | 470 B 71221 7 Jo25] 0o | 0o |o45|0]0]0]0

81 | Vidu | 470 B 711521 7 |025] 0 [ 0 |05 ]0]0]0]0

gy | Vidusol g, B 66219 121,51 0] 0 05]0]0]0]02

sanh
g3 | Vidusol ,eo 011221 6 | 2 |00 ]05]0]0]0]02
sanh
84 | Vidu | 490 B 66,1221 9 | 2 0] 0 ]05]0]0]0]02
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85 | Vidu | 490 B 67312219 [ 1 ] oo oslo]olo]o2]

86 | Vidu | 490 B 679122 9 o500 ]02]0]0]0102

87 | Vidu | 490 B 6811221 9 | 03] 0] 0 l02]0[0]0]02

88 | Vidu | 490 B 683|221 9 o1 o]0 ]o02]0]0]0]02

89 | Vidu | 490 B 683522 9 1005;{ 0| 0 [02]0]0]0]02

90 | Vidu | 490 B 6785/ 22] 9 Jo25] 0o | 0o |05 ] 0]0]0 02

91 | Vidu | 490 B 68 1221 9 o1 ] ol o ]o05/0]0]0]02

92 | Vidu | 490 B 6805221 9 |005] 0 0 ]05][0]0]0,02

g3 | Viduso ¢4 B 630 122112 2 | oo |os5|0]0]0]02
sanh

94 | Vidu | 470 B 64 1251 71 2 lolo | 1 |o]jolo]o04

95 | Vidu | 500 B 61 125110 2 ol o] 1 ]ololo] o4

9 | Yiduso| 514 B sg 12513l 2 1ol o] 1 [0olo]|oO0]04
-sanh

g7 | Viduso| 554 B 603128 7 | 2 |00 |1,5][0[0]|0]]1
sanh

98 | Vidu | 500 B 573028/ 10 2 oo |15]0]0]0]1

99 | Vidu | 500 B 543 28| 13 2 oo 150001

100 | Yiduso | 54, B 539028 130 2 1o ol1s|olololl
sanh
Viduso ‘

101 | 521 50 B 538 (28|13 2 | oo |15[0[0]0]|]1
sanh

102 | Yiduso | 4, B 538 28| 13| 200 |15]0]0]0]1
sanh _

103 | Yiduso| 544 B 552031 8 | 2 |0 |lo]| 2 000|015
sanh -

104| Vidu | 490 B 52003111 ] 2 o o] 2 ]0][0]0]15

105| Vidu | 500 B 4923114 2 Jolo | 2 l0ol0]0]|15

106 | Yiduso | 54, B 49103114 2 oo | 2 |0o]0]|0]|L5
sanh

107 | Yiduso | 54, B 50 1341 90 2 oo |25|0]0]|0 |24
sanh :

108 | Vidu | 500 A 47 134l 12] 2 o] o 25]0]l0]0]24

109! Vidu | 500 | B 47 134112 2 | o] o 25]0]l0]0]24

110 | Vidu | 500 C 47 134112 2 o] o |2510]0]0 24

111 | Vidu | 500 D 47 134112 2 lolol25]0]0]0]24
[' a

11y | Yiduso | 5, E 47 1341120 2 Lo lo 2500 0/24
sanh

113 | Yiduso | 54, F 47 {34112 2 0] 0| 25]0|0]0/24
sanh -

114 | Yiduso| s, G 47 34112 2 ol o]25]0]0|0|24
sanh :

115 | Yiduso | 54 B 469 (34|12 2 oo |25]0]0 0]25
sanh |

116 | Yiduso| 55 B a4 341151 2 | o] 0 |25]0]0]0]24
séanh
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117 | Yiduso | 5,4 B 51413509 | 2 lo0o]o]25]0[0|0]0
sanh

11g | Yiduso | 54, B 48410350121 2 oo j25]0|l0]0]|o0
sanh

119 [ Viduso| 5, B 48403512 2 oo 2500|000
sanh
Vidu so

120 | YLELS0 50 B 454135015 2 oo |25]0fl0]0]0
sanh

121| Vidu | 430 D 79812 5] 3 0ol 0o lo1][0]0]0]0

12p | Yiduso | 4og B 778112 5| 5 oo |or|0o]|0 0[O0
sanh

123| Vidu | 430 B 803 |12 5| 2 los| 0 ]o01]0]0[0]0

1o4 | Yiduso ) 4, B 79812 5 2 |1 |o]o1|o0|o]0O]oO
sanh

125| Vidu | 430 B 80.1]12] 5 | 2 [ 0]03]05][0][0]010

126 | Yiduso | ;s B 799112 5| 2 |0 |05/05]0|0]0]0
sanh
Viduso

127 | LSO 43 B 803 |12 5| 1 |08|03]05]0]0|0]0
sanh

128 | Vidu | 490 C 6541221 9] 3 10 ] 0]05[0]0]0]0

129 Vidu | 490 C 6441221 9 | 4 1 0] 0]05]0]0/010

130 Vidu | 480 B 636122 9 |48 0] 0 ]05]0]010710

131| Vidu | 470 B 6461251 7 | 2 Lo ] o | 1 |03/0]010

132 | Yiduso | 40 B 644025 71 2 oo | 1 ]|05(0][0]0
sanh

133| Vidu | 470 B 6461251 7 | 2 | o[ 0| 1 [01]03/0]0

134 | Yiduso | 50 B 644 (25| 7 | 2 oo | 1 o005 0]0
sanh

135| Vidu | 470 B 6461251 7| 2 oo 1 [0]0]03]0

136 | Yiduso| 40, B 6441250 7 2 oo | 1 |0o|o0]05]0
sanh

137 Vidu | 470 B 64 1251 71 2 1ol o 1t ]03][03/03]0

13g | Yiduso| 40, B 6391251 7| 2 oo | 1 [04]03{03]0
sanh

139| Vidu | 500 B 5742810 2 oo [15/0]0]0]1

140 | Vidu | 500 B 57412810 2 o]0 |15]0/0]0]1

141 Vidu | 500 B 57428/ 10| 2 oo |[1,5/010]0]1

142| Vidu | 490 B 45 (34] 12 4 | ol o |25]0]0] 024

143 | Yiduso | ,q B 44 1341121 s | olo|25]0]0]0|24
sénh

144 | Yiduso | 54, B 4453412 4 [ 0] 0| 3 |0]0|O0 |24
sanh
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Bang 2-2
Nhom Cr Nhom Sr Téng | Téng | XRD
6 Phép cua | cua
loai | Cr|Ti|Ni|Co| V |Nb|Cu|Mn| Fe | Sr|Sb|Pb| B |nhom nhém|Mg,Sn
Cr Sr
72| vidu |olo]ololo]ololo]oi]o]ofojo] 0 | 0 | OK
73| vidu |0]o]o]o]lololo]lo]o1]lo]o]lojo] 0 | 0 | OK
74 | vidu |o]o]olololo]olo]o1]o]olojo] 0 | 0 | OK
75 | vidu |oJo]o]lololo]lolo]o1]o]ojojlo] 0 | 0 | OK
76 | Vidu |0 ]0]o]lo]lololololor]o]o]lojo] 0o | 0 | OK
77 | vidu [oJolo]lolo]o]olofo1[o]o]lolo| 0 | 0 | OK
78 | vidu lololololo]lo]lolo]oi]o]o]ojo] 0 | 0 |OK
79 | vidu |0]o]o]o]ololololoi|o]lolojo] 0 | 0 | OK
80 | Vidu [olo]o]olololololo1lo]ojolo] 0 | 0 | OK
81 | vidu |olo]o]o]lojolo]olo1]ojojojo| O | 0 | OK
gy |Vidusol o 1o o1 o lo1lo|o|olo1]|o]o]oloal 01| 04| OK
sanh
g3 | Viduso\ bl gl ol olo1lololot[olololo]ol]| 0o | OK
sanh
84 | vidu |0|0]o]o]olot[o]ofo1lo]lojolo]ol]| 0 | OK
85 | Vidu |0Jo]olololoilolo]o1]o]ojo[0]01]| 0 |OK
86 | Vidu |0]0]0o]o]oloilo]o]oi]/o]olojo[0l]| 0 |OK
87 | vidu |0]o]o]o]olotlo]oo1]o0o]o|ojo]o0l ]| 0 |OK
88 | Vidu |0Jo|o]ololo1lo]olo1[o]ojoj0o]Ol]| 0 | OK
89 | Vidu |0]0]0o]ololot]o]o]o1|lo]ojolo]0l]| 0 | OK
9 | vidu |olo]o]o]olotlo]lolo1]0o]ofojo]|0l] 0 | OK
91 | Vidu |o|o]lo]o]olo1lololo1]o]olojo]o0l ]| 0 |OK
92 | vida [o0]olo]o]oloi]o]o]ol[o]ojo[o]o0l ]| 0 | OK
o3 |Vidusol ool o oo lo1lo]oloi]|o]ojo[o]o0l] 0 | OK
sanh
94 | Vidu |0 ]0]0]o0ololool]0][01|04/0]0[0]O01 | 04| OK
95 | vidu |0 |0l o] o]ololoi]o]o1]o4/0]l0[0] 01 |04] OK
96 | Vidusol o 1ol ol o|o|olo1]o]|o1]o4olo]o]|o0l ]| 04| OK
sanh
g7 | Vidusol ool gl ololo]oloiloilo]ololo]ol| 0 | OK
sanh
98 | Vidu |0]o]o]olo]ololo1lo1]0]0]0[0]01]| 0 | OK
99 | vidu |0]o]o]o]oflo]oloi[o1]olololo]o0l ]| 0 |OK
100 | ¥idusol o gl gl olo o o|0]l01lo5[0]|0j0] 0 |05] OK
sanh
11 | Midusol o ol gl olololo]|o]o1]o4l02/0/0| 0 | 06| OK
sanh
jo2 | Yidusol o\ 5| g o0 |lo|0|0]o01]04/0][0[02 0 |06 | OK
sanh
103 [Yiduso g 1o o1l ofofo]o]ofor]jolojololo2]| 0 |OK
sanh
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104 | Vidu |01]0]o1]olojololo]ol]lo]lojo[0o]02] 0 | OK

105| Vidu l01]0]o1]o]o]olo]olol]o]ojojo]062] 0 | OK

106 |[Yidusol o 16 lo2l 0000 |0|o1lo]ojojo]|03| 0 | OK
sanh

o7 |dusel ool gl olololololotlololojofl o | o | oK
sanh

108 vidu |0]o]o]lololololo]ol]/o]o]lojlOo] 0 | 0 | OK

109 vidu |o]o]o]lolololo]lo]o1]o]o]olo] 0 | 0 |OK

110 vidu |olo]o]ololo]loflo]oi]lo]olojo] 0| 0 | OK

11| vidu loJolololololololol[o]ojojo| 0 | 0 | OK

112 | Midusol ool gl olololololor]|ololojol o | o | oK
sanh

3 |Miduso o o g g o lolololorlolololo] o] o | OK
sanh

114 | Yidusor ool ol olololo|o]or|olololol o | o | oK
. sdnh

ns | dusol o ol gl olololololoilo]lololol o 0 | OK
sanh

116 | Yidusol ot ol g ol ololololoi|ofololo|l ol o | oK
sanh

17 | dusol o ol gl olololololoi|olololo]| o 0 | OK
sanh

g |Yidusol o b gl g ol ololololorlololojlol 0o | o | OK
sanh

19 (idusol 5ol gl olololololol]ololojo] o 0 | OK
sénh

120 |dusol o ol gl olololo|olotlo]olojlo; 0| 0 | OK
sanh

121 vidu |o]oJolo]lolololojo1]0o]o0]0]O] 0 | 0 | OK

1o | ¥idusol 5 gl gl oflololololol]ololojo] o 0 | OK
sanh

123 Vidu |0|o]o]olololololo1lojojolo] 0 | 0 | OK

124 |Yiduso) ol gl gl o lololololoilololojo] o 0 | OK
sanh

125 vidu |0 |o]o]olololololo1]ojolo[o] 0 | 0 |OK

126 | Yidusor ool gl ol ololololoilolololo]| o 0 | OK
sanh

17 | Midusot ol gl ol ololo]lo]ot]olojojo] 0 0 | OK
sanh

128 vidu l0]olo]oflololo]o]oi|ol0oj0ol0o] 0 | 0 | OK

120| vidu |0Jo]o]lololo]olojotlojojojo] 0 | 0 | OK

130 vidu |0]o]olo]lo]lolojo]o1]0]0l0[O]| O | O |OK

131 vidu |oJolo]olofJo]ololorjojojojo| 0 | 0 | OK

132 [ Yidusol ol gl o lolololololot{o|ojolol 0O | 0 | OK
sanh

133 vidu |0]Jo]o]o]lo]lololo]ol]0]0jO|O] O | O |OK

134 | Vidusol 0 lololo]olo|o]o]ol[o]ojojo] 0 | 0 | OK
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Bang 2-3
Chidu Téan suaftt
s 1A 1AL bt . theo so
Xéc dinh céc cong thirc tir 1 dén 5 Tyle %K'm tich da.l chu lugng
%o vi pha cita pha
| i i
i Ca -025+Crt+| - Gi6i han | Gidihan | Xac )
Sn | (Y+Lat Ti+Ni+ [0,5+Sr| dudicua | tréncua | dinh | Al+ 7n Nguyén| (mm (so
-(Bi+In) Ce) Co+V+Nb|+Sb+P|cong thirc|cong thitc| cong MgZn, t6 khac | /mm?)| lugng)
+Cu+Mn | b+B 5 5 thie 5
72 | Vidu| 02 0,45 -0,25 -0,5 | 5,7203 | 104263 | OK | 90 |5 5 30 Gl
73 | Vidu| 0,2 0,5 -0,25 -0,5 | 5,7203 | 104263 | OK | 90 |5 5 30 Gl
74 | Vidu | 02 0 -0,25 -0,5 | 57203 | 104263 | OK | 90 |5 5 30 Gl
75 | Vidu | 025 0,05 -0,25 -0,5 | 59561 | 108221 | OK | 90 |5 5 35 Gl
76 | Vidu | 0,25 0,07 -0,25 0,5 | 59561 | 10,8221 | OK | 90 |5 5 35 Gl
77 | Vidu | 0,25 0,13 -0,25 0,5 | 59561 | 10,8221 | OK | 90 |5 5 35 Gl
78 | Vidu | 025 0,2 -0,25 -0,5 | 59561 | 10,8221 | OK | 90 |5 5 35 Gl
79 | Vidu | 025 0,3 -0,25 -0,5 | 59561 | 10,8221 | OK | 90 |5 5 35 Gl
80 | Vidu | 0,25 0,45 -0,25 -0,5 | 59561 | 10,8221 | OK | 90 |5 5 35 Gl
81 | Vidu| 0,25 0,5 -0,25 -0,5 | 59561 | 10,8221 | OK | 90 |5 5 35 Gl
82 Vi c’:iu 1,5 0,5 -0,15 -0,1 | 54913 | 10,0181 | NG | 95 | O 5 90 NG
so sanh
Vidu
83 , 2 0,5 -0,15 -0,5 | 6,1987 | 11,2055 | NG | 8 |15 0 140 NG
so sanh
84 | Vidu 2 0,5 -0,15 -0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 50 Gl
85 | Vidu 1 0,3 -0,15 -0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 50 Gl
86 | Vidu| 0,5 0,2 -0,15 -0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 50 Gl
87 | Vidu| 073 0,2 -0,15 0,5 | 6,1987 | 11,2055 OK | 90 |10 0 50 Gl
88 | Vidu| 0,1 0,2 -0,15 0,5 | 6,1987 | 11,2055 | OK | 90 10 0 50 Gl
89 | Vidu | 0,05 0,2 -0,15 -0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 50 Gl
90 | Vidu | 0,25 0,5 -0,15 -0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 50 Gl
91 | Vidu| 0,1 0,5 -0,15 -0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 50 Gl
92 | Vidu | 0,05 0,5 -0,15 -0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 50 Gl
93 vi c’h; 2 0,5 -0,15 -0,5 | 6,1987 | 11,2055 | NG | 95 |5 0 120 NG
so sanh
94 | Vidu 2 1 -0,15 0,1 | 69673 | 12,2813 | OK | 85 |15 0 85 Gl
95 | Vidu 2 1 -0,15 -0,1 | 6,9673 | 12,2813 | OK | 90 |10 0 75 Gl
96 vi <’iu 2 1 -0,15 -0,1 | 6,9673 | 122813 | NG | 95 |5 0 110 NG
0 sanh
Vidu
97 , 2 1,5 -0,15 -0,5 | 7,7971 | 13,2455 | NG | 90 |10 0 120 NG
so séanh
98 | Vidu 2 1,5 -0,15 0,5 | 7,7971 | 132455 OK | 95 |5 0 80 G2
99 | Vidu 2 1,5 -0,15 -0,5 | 7,7971 | 13,2455 | OK | 100 | O 0 85 G2
100 Vidu Slu 2 1,5 -0,25 0 7,7971 | 132455 | OK | 90 |10 0 110 NG
so sanh
Vidu
101 . 2 1,5 -0,25 0,1 | 7,7971 | 132455 | OK | 95 |5 0 115 NG
so sanh
Vidu
102 ——, 2 1,5 -0,25 0,1 | 7,7971 | 13,2455 | OK | 100 | O 0 110 NG
50 sanh
jo3| Vidu | 2 | 005 | 05| 86881 | 140981 | NG | 90 |[10| 0 | 155 | NG
50 sénh
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104 | Vidu 2 2 -0,05 -0,5 | 8,6881 | 14,0981 | OK | 95 |5 0 70 Gl
105 | Vidu 2 2 -0,05 -0,5 | 8,6881 | 14,0981 | OK | 100 | 0 0 80 G2
106 V—‘lfm 2 2 0,05 -0,5 | 8,6881 | 14,0981 | OK | 100 | O 0 100 NG
so sanh
Vidu
107 s——o sanh 2 2,5 -0,25 -0,5 | 9,6403 | 14,8391 | NG | 85 |10 5 150 NG
108 | Vidu 2 2,5 -0,25 -0,5 | 9,6403 | 148391 | OK | 90 |5 5 85 Gl
109 | Vidu 2 2,5 -0,25 -0,5 | 9,6403 | 148391 | OK | 90 |5 5 85 Gl
110| Vidu 2 2,5 -0,25 -0,5 | 9,6403 | 148391 | OK | 90 |5 5 85 G2
111 | Vidu 2 2,5 -0,25 -0,5 | 9,6403 | 14,8391 | OK | 90 |5 5 85 G3
112 V—ld—u 2 2,5 -0,25 -0,5 | 9,6403 | 14,8391 | OK | 90 |5 5 90 NG
so sanh
Vidu
13| — 2 2,5 -0,25 -0,5 | 9,6403 | 14,8391 | OK | 90 |5 5 35 NG
so sanh
Vidu
114| —— 2 2,5 -0,25 -0,5 | 9,6403 | 14,8391 | OK | 90 |5 5 40 NG
so sanh
Vidu
115 — 2 2,5 -0,25 0,5 | 9,6403 | 14,8391 | OK | 95 | 0O 5 85 G2
so sanh
Vidu
116 | — 2 2,5 -0,25 -0,5 | 9,6403 | 14,8391 | NG | 95 | O 5 110 NG
so sanh
Vidu
117 —— 2 2,5 -0,25 -0,5 | 99713 | 15,0613 | NG | 100 | O 0 120 NG
so sanh
Vidu .
18| —— 2 2,5 -0,25 -0,5 | 9,9713 | 150613 | OK | 100 | O 0 130 NG
so sénh
Vidu
119 —— 2 2,5 -0,25 -0,5 | 9,9713 | 15,0613 | OK | 100 | O 0 130 NG
so sanh
Vidu
120 ——, 2 2,5 -0,25 -0,5 | 99713 | 15,0613 | OK | 100 | O 0 85 NG
so sanh
121| Vidu 3 0,1 -0,25 -0,5 | 40787 | 6,8135 | OK | 80 |20 0 55 G3
122 Vidu (’1u 5 0,1 -0,25 0,5 | 40787 | 68135 | OK | 75 |20 5 100 NG
so sénh
123| Vidu | 1,5 0,1 -0,25 -0,5 | 40787 | 68135 | OK 80 |20 0 65 Gl
g Mdu bl oy 025 | 05 | 40787 | 68135 | OK | 75 |20] 5 | 95 | NG
so sanh
125 Vidu | 1,7 0,5 -0,25 0,5 | 40787 | 68135 OK | 80 |20 0 55 G2
126 Vidu <’iu L5 0,5 -0,25 0,5 | 40787 | 68135 | OK | 75 |20 5 115 NG
so sanh
Vidu
127 s_—o sanh -0,1 0,5 -0,25 -0,5 | 4,0787 | 6,8135 | OK | 80 |20 0 125 NG
128 | Vidu 3 0,5 -0,25 -0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 60 G3
129 | Vidu 4 0,5 -0,25 -0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 60 G3
130} Vidu | 4,8 0,5 -0,25 0,5 | 6,1987 | 11,2055 | OK | 90 |10 0 65 G2
131| Vidu 2 0,7 -0,25 -0,5 | 69673 | 12,2813 | OK 85 |15 0 80 G2
132 M 2 0,5 -0,25 0,5 | 69673 | 12,2813 | OK | 80 |15 5 80 NG
s0 sénh
133 | Vidu 2 0,7 -0,25 -0,5 | 69673 | 12,2813 | OK 85 |15 0 75 G2
134 Svo—“ls:;h 2 0,5 -0,25 0,5 | 69673 | 12,2813 | OK | 85 |15 0 85 NG
135| Vidu 2 0,7 -0,25 -0,5 | 69673 | 12,2813 | OK | 85 |15 0 80 Gl
136 Vidu flu 2 0,5 -0,25 0,5 | 69673 | 12,2813 | OK | 85 |15 0 75 NG
5o sénh
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137 Vidu| 2 0.1 2025 | 05 | 69673 | 122813 OK [ 85 [15] 0 80 | Gl
Vidu
138 |2 0 025 | 05| 69673 | 122813 | OK | 80 [15| 5 | 120 | NG
139| Vidu | 2 15 025 | 05 | 77971 [ 132455 OK | 95 [5] 0 80 | Gl
140| Vidu | 2 15 025 | 05 | 7,7971 [ 132455 | OK | 95 | 5] 0 80 | Gl
141| Vidu | 2 15 2025 | 05 | 77971 | 132455 OK | 95 [ 5] 0 80 | Gl
142 Vidu | 4 2.5 2025 | -05 | 96403 | 14,8391 | OK | 95 |0 ] 5 85 | Gl
143 | Vidu | g 2,5 2025 | -05 | 9,6403 | 14,8391 | OK | 95 | 0| 5 85 | NG
so0 sanh
Vidu
R 3 2025 | -05 | 9,6403 | 14,8391 | OK | 95 |0 | 5 85 | NG
so sanh
Bang 2-4
A N Céc cong , , o
Cong thiic 6| Cong thic 7 Cong | CONg 14w 10val Syco [Kao| Khao | Can
Pha thirc 8 | thirc 9 .. . | sat | satlop bang khal
s6 | I mateta ol poan | nang
O 11 e stuce| XdC | Lunesiom | X | Mg O’gf 0>g§< Sé‘:ggff Vaﬁ;’m 100 |thién bd|chéng anl
/Loard | dinh | /Lpoard | dinh | >5,0 <025 | <05 | Sn <Ca ; 100 | mat | mon
72 | Vidu | 1,04 |OK | 1,03 |OK |OK| OK | OK | OK | OK [Gl| A A
73 | Vidy | 1,04 |OK | 1,02 |OK |[OK| OK | NG | OK | OK |Gl | B B
74 | Vidu | 2,04 | OK | 2,02 | NG |OK| OK [ NG | NG | OK [Gl| B B
75 [Vidu| 1 |OK| 1 |OK|OK| NG | NG | NG | OK [Gl| B B
76 | Vidu | 1,03 | OK | 102 |OK |OK| NG | OK | NG | OK [Gl| B B
77 | Vidu | 099 |OK| 1 |OK|OK| NG | OK | NG | OK |Gl | B B
78 | Vidu | 098 | OK | 099 | OK |OK| NG | OK | NG | OK |Gl | B B
79 [ Vidu| 1 |OK| 1,03 |OK|OK| NG | OK | NG | OK | Gl | B B
80 | Vidu| 102 |OK | 103 |OK |OK| NG | OK | NG | OK |Gl | B B
81| Vidu | 103 | OK| 1,04 | OK |OK| NG | NG | NG | OK |Gl | B B
g2 | Vid4 | 499 | 0K | 1,08 | NG |OK| NG | NG | NG | OK | B | B B
S0 sanh
Vidu
83| | 122 [OK| L13 | NG| OK| NG | NG | NG | OK | B B B
84 | Vidu | 1,03 | OK | 1,05 | OK|OK| NG | NG | NG | OK [Gl| B B
85 | Vidu | 1,05 |OK | 1,00 | OK |OK| NG | OK | NG | OK |Gl | B B
86 | Vidu | 1,02 |OK | 1,07 |OK |OK| NG | OK | NG | OK |Gl | B B
87 | Vidu | 1,03 |OK | 1,02 |OK |OK| NG | OK | NG | OK [ Gl | B B
88 | Vidu | 104 | OK| 105 |OK |OK| OK | OK | OK | OK | Gl | A++ | A+t
89 | Vidu | 1,06 | OK | 103 |OK |OK| OK | OK | OK | OK | Gl | A+t | A++
90 | Vidu | 103 | OK| 1,05 | OK |OK| NG | NG | NG | OK |Gl | B B
o1 | Vidu | 1,03 | OK| 1,05 |OK |OK| OK | NG | OK | OK |Gl | B B
92 | Vidu | 1,03 | OK | 1,05 | OK |OK| OK [ NG | OK | OK |Gl | B B
93 SZ‘SSI‘I‘h 121 |OK | 1,11 |[NG|OK| NG | NG | NG | OK | B | B B
94 | Vidu | 102 |OK| 1,02 | OK|OK| NG | NG | NG | OK |Gl | B B
95 | Vidu| 095 | OK | 098 | OK |OK| NG | NG | NG | OK |Gl | B B
96 | Vi%¥ | 151 |0k | 113 | NG |OK| NG | NG | NG | OK | B | B B
so sanh _
o7 | Vidu | 11310k | 1,15 [ NG |OK| NG | NG | NG | OK | B | B B
so sanh
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98 | Vidu | 1,03 \ OK | 1,08 | OK | OK | NG NG NG OK | G2 B B
69 | Vidu| 1,09 | OK | 1,05 | OK | OK | NG NG NG OK | G2 B B
100 Yidu | 15 ok | 123 [NG|OK| NG | NG | NG | NG | B | B B
so sanh
Vidu )
101, — = | 0,88 ING | 142 | NG | OK | NG NG NG NG B B B
so sénh
Vidu
102 ——= | LI | OK | 0,77 | OK | OK | NG NG NG NG B B B
so sanh
Vidu o
103 —= 1 125 10K | 1,36 | NG | OK | NG NG NG OK B B B
so sanh
104! Vidu | 1,02 | OK | 1,03 | OK | OK | NG NG NG OK | Gl B B
105| Vidu | 1,09 | OK | 1,07 | OK | OK | NG NG NG OK | G2 B B
106 Adu | he7 NG| 123 [NG|OK| NG | NG | NG | NG | B | B B
so sanh
Vidu : )
107 S——O sénh 1,LI5|OK | 123 | NG | OK| NG NG NG OK | B B B
108| Vidu | 1,03 | OK | 1,02 | OK | OK | NG NG NG OK | Gl B B
109| Vidu 1 OK | 1,02 | OK | OK | NG NG NG OK | Gl B B
110| Vidu | 1,09 |OK | 1,11 | NG |OK | NG NG NG OK | G2 B B
111] Vidu | 0,88 | NG| 091 | OK | OK | NG NG NG OK | G3 B B
o) Yidu | o5 NG | 066 | OK |[OK | NG | NG | NG | NG | B | B B
50 sanh
113 ; 09 |OK | 0,88 | OK | CK | NG NG NG NG B B B
so sanh _
114 V—“,Lu 0,75 | NG | 1,12 | NG | OK | NG NG NG NG B B B
50 sanh
Vidu .
115 —= 11,03 | OK | 1,08 | OK | OK | NG NG NG NG B B B
so sanh
116 M—QQ 123 | OK | 1,35 | NG | OK | NG NG NG NG B B B
so sénh , -
Vidu ;
117 ’ 1,11 |OK | 145 | NG | OK | NG NG NG NG B B B
5o sanh
Vidu o
18| ——= | LI | OK | 1,I5 | NG | OK NG | NG NG NG B B B
s0 sanh
119 V_l—du 135 | OK | 1,15 | NG | OK NG NG NG NG B B B
so séinh
120 S———‘;lsilllh 1,13 |OK | 1,11 | NG | OK | NG NG NG NG B B B
121 Vidu | 1,23 | OK | LL19 [ NG | OK | NG OK NG OK | G3 B B
=
122 \—1—@ 1,LI8 | OK | 1,12 | NG | OK | NG OK NG NG B B B
| so sinh .
123| Vidu | 098 | OK | 1,04 | OK | OK | NG OK NG OK | Gl B B
124 V—ld—u 125 | OK | 0,75 | OK | OK | NG OK NG NG B B B
sa sanh
125| Vidu | 0,91 | OK | 0,94 OK | OK | NG NG NG OK | G2 B B
,T’
126 ll_il_l 1,31 |OK | 0,88 | OK | OK | NG NG NG NG B B B
| so sanh
Vidu
127 <o sanh 121 |OK| 1,1 | OK|OK | NG NG NG NG B B
128 Vidu | 1,26 | OK | 1,22 NG | OK | NG NG NG OK G3 B B
129| Vidu | 1,3 |OK | 1,35 | NG | OK | NG NG NG OK | G3 B B
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130] Vidu | 092 JOK | 095 [OK|OK| NG | NG | NG | OK |G2| B B

131 Vidu | 093 | OK | 099 |OK |OK| NG | NG | NG | OK | G2| B B

132 Yidu | 599 | OK | 132 | NG |OK| NG | NG | NG | NG | B | B B
so sanh

133] Vidy | 096 | OK | 1,07 [OK [OK| NG | NG | NG | OK | G2| B B

34| V1 ok | 101 [OK |OK| NG | NG | NG | NG | B | B B
so sanh

135 Vidu | 105 |OK | 1,01 |OK |OK| NG | NG | NG | OK |Gl | B B

136 Svg—lsgl‘l‘h 109 | OK | 122 | NG |OK| NG | NG | NG | NG | B | B B

137| Vidu | 1,03 |OK | 097 |OK |OK| NG | NG | NG | OK |Gl | B B

;3g| Yidu | 45 1ok | 13 [NG|OK| NG | NG | NG | NG | B | B B
so sanh

139] Vidu | 1,02 | OK | 098 |OK |OK| NG | NG | NG | OK |Gl | B B

140| Vidu | 097 |OK | 099 |OK |OK| NG | NG | NG | OK |Gl | B B

141 Vidu | 099 |OK | 1,02 |OK |OK| NG | NG | NG | OK [Gl| B B

142 Vidu | 096 | OK | 1,05 | OK |OK| NG | NG | NG | OK |Gl | B B

143 YU |63l oK | 185 | NG |OK| NG | NG | NG | NG | B | B B
so sanh

44| Y45 1 oK | 103 |OK|OK| NG | NG | NG | NG | B | B B
so sanh

Céc két qua & trén cho thdy rang ngay ca khi cac san pham thép phu trong cac

vi du twong Gmg voi san pham thép phu cua sang ché c6 16p phu la loai da nguyén t5

chira it nhit Zn, Al, va Mg va c6 luwgng Al nho hon 35,0% khdi luong, cac vay kim loai

duoc tao ra va cac khuyet tat & 16p hoan thién beé mat dugce che giau hiéu qua bdi cac

vay kim loai, so v6i cac vi du so sanh.

Céc phuong 4n duge wu tién cta sang che da duge mo ta chi tiét ¢ trén dya vao

céc hinh v& kém theo, nhung sang ché khong bi giéi han & cac phuong an nhu vay. Hién

nhién 12 cac thay d6i hodc cac stra doi khac c6 the dat duoc bdi nhitng nguoi co kién

thirc thong thuong trong linh vuce k¥ thudt ma sang ché lién quan dén trong pham vi clia

y twong k¥ thuat dugc mo ta trong cac diém yéu cau bao ho, va hiéu duge rang cac thay

dbi hoic céac stra ddi ndy duong nhién nam trong pham vi k§ thuat cua sang ché.
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YEU CAU BAO HOQ
1. San phim thép phi nhiing néng, san phim nay bao gdm: san pham thép; va 16p phu
bao gom 16p hop kim Zn-Al-Mg dugc b6 tri trén bé mit cua san pham thép,

trong d6 16p hop kim Zn-Al-Mg bao gdm pha Zn, pha Al, va pha MgZn,, va
chira pha hop chét lién kim loai Mg-Sn trong pha Zn, va

16p pht gdm c6, dya trén co so thanh phan trung binh va % khoi luong:
Zn: 16n hon hoac bé“mg 45,00%,;

Al: 16n hon 5,0% va nho hon 35,0%;
Mg: 16m hon 3,0% va nhé hon 15,0%;
Sn: tr 0,01% dén nho hon 5,00%;

Bi: tir 0% dén nhé hon 1,0%;

In: tir 0% dén nho hon 0,5%;

Ca: tir 0% dén nho hon 3,00%;

Y: tir 0% dén nhé hon 0,5%;

La: tit 0% dén nho hon 0,5%;

Ce: tir 0% dén nhé hon 0,5%;

Si: tr 0% dén nho hon 2,5%;

Cr: tir 0% dén nho hon 0,25%;

Ti: tir 0% dén nho hon 0,25%;

Ni: tir 0% dén nho hon 0,25%;

Co: tir 0% dén nho hon 0,25%;

V: tr 0% dén nho hon 0,25%;

Nb: tit 0% dén nho hon 0,25%;

Cu: tr 0% dén nho hon 0,25%;

Mn: tr 0% dén nho hon 0,25%;
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Fe: tir 0% dén 5,0%;

Sr: tir 0% dén nhoé hon 0,5%;
Sb: tir 0% dén nho hon 0,5%;
Pb: tir 0% dén nho hon 0,5%;
B: tir 0% dén nhé hon 0,5%; va
céc tap chét, va

trong do, 16p phu c6 thanh phan héa hoc théa man cac cong thirc tir 1 dén 5 sau

cong thue 1: Bi+ In < Sn;

céng‘thl'xc 2:Y +La+ Ce <Ca;

cong thirc 3:0<Cr+Ti+Ni+ Co+V+Nb+Cu+Mn<0,25;
cong thirc 4: 0 <Sr+ Sb+Pb+ B <0,5; va

cong thire 5: 0,0034 x (AD)? +0,0964 x (Al) +2,4323 < (Mg) <-0,0062 x (Al)?
+0,65 x (Al) -0,0937;

trong do, trong cac cong thirc tir 1 dén 5 nay, moi ky hiéu nguyén t6 12 ham

lwgng ctia moi nguyén to dua trén co s& % khoi lugng,

trong d6, trong anh dién tir tan xa nguoc cta 16p hop kim Zn-Al-Mg thu dugc
trong truong hop trong d6 pham vi nhin thiy 1000pum x 700um dugc quan sat bang kinh
hién vi dién tir quét & do phong dai 500 14n sau khi bé mit cua 16p hop kim Zn-Al-Mg
duwoc danh bong dén murc mot nira chiéu day 16p, tong ty 1& dién tich clia pha Al va pha
MgZn, 16n hon hodc bing 70%, va ty 1& dién tich cia pha Zn nho hon hodc bang 30%,

va

trong d6, trong anh dién tir tan xa nguoc cua 16p hop kim Zn-Al-Mg thu duoc
trong truong hop trong d6 pham vi nhin thiy 1000pum x 700pm dugc quan sat béang kinh
hién vi dién tir quét & do phong dai 500 1in sau khi bé mit cta 16p hop kim Zn-Al-Mg
duge danh béng dén mirc mot nira chidu day 16p, gié tri trung binh cua cac chiéu dai chu
vi tich lfly ctia pha Al nhé hon 88mm/mm? va tong s6 lan xuét hién ctia pha Al c6 chidu

dai chu vi 16n hon hodc bang 50pum 1a nhé hon 100.
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2. San pham thép phii theo diém 1,

trong d6, trong anh dién tr tn xa nguoc cla 16p phu thu duoc bang cach quan
sat mat cit ngang cua 1ép phu, mét cit ngang nay duoc cét theo hudng chiéu day, & pham
vi nhin théy 250pm x 700um va do phong dai 500 1an bang kinh hién vi dién tir quét, ty
16 ctia cac chidu dai bi chiém bai pha Al va pha MgZn, & phia bé mit cta 16p hop kim
Zn-Al-Mg (Leurtace), ty 18 ctia céc chiéu dai bi chiém boi pha Al va pha MgZn; ¢ trung
tam chidu day cta 16p hop kim Zn-Al-Mg (Limedium), V& ty 18 ciia cac chiéu dai bj chiém
bai pha Al va pha MgZn, ¢ phia san pham thép ctia 16p hop kim Zn-Al-Mg (Lboarder)
thoa mén cac cong thirc 6 va 7 sau day:

c@ng thac 6: 0,90 < (Lsurface)/ (Lboarder); va

Céng thace 7: (Lmedium)/(Lboarder) < 1,10
3. San phém thép phu theo diém 1 hogc 2, trong d6 16p phi ¢6 thanh phan trung binh va
noéng d6 Mg 16n hon hodc béng 5,0% dua trén co s& % khéi luong, va théa man cic
cong thuc tir 8 dén 11 sau day:

coéng thire 8: 0,01 <Sn <0,25;

cdng thiic 9: 0,05 <Ca <0,5;

cong thitc 10: Sn + 0,02 < Ca trong trudng hop trong d6 0,01 <Sn <0,05; va

cong thirc 11: Sn < Ca trong truong hop trong d6 0,05 < Sn <0,25;

trong do, trong cac cong thuc tir & dén 11 nay, mdi kv hiéu nguyén t6 12 ham

lwong ciia moi nguyén to dua trén co s¢ % khoi lugng.
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Fig.2
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Fig.3
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Fig.6
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