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A galvannealed steel sheet having excellent corrosion resistance, excellent plate adhesion and excellent
hydrogen brittleness resistance, and a fabricating method thereof are provided. The galvannealed steel sheet
has a zinc-plated layer containing 7% to 15% Fe on the surface thereof, and contains more than 0.02% and
less than 0.3% C, more than 0.01% and less than 2.5% Si, more than 0.1% and less than 3.0% Mn, more
than 0.003% and less than 0.08% P, less than 0.01% S, and more than 0.001% and less than 0.2% Al, and
contains at least one from more than 0.03% and less than 0.4% Ti, more than 0.001% and less than 0.2%
Nb, more than 0.001% and less than 0.2% V, more than 0.01% and less than 0.5% Mo, and more than 0.001%
and less than 0.2% W. In the zinc-plated layer, carbides whose average particle size is more than 1 nm and
less than 20 nm and which contain at least one from Ti, Nb, V, Mo, and W exist in a ratio of more than 5 in
each area, wherein the area is obtained by a thickness of a plated layer and dividing the cross section of the

plated layer in a 1 p m interval along a direction orthogonal to the thickness direction.
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A galvannealed steel sheet having excellent corrosion

resistance, excellent plate adhesion and excellent hydrogen
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brittleness resistance, énd a fabricating method thereof are
provided. The galvannealed steel sheet has a zinc-plated
layer containing 7% to 15% Fe on the surface thereof, and
contains more than 0.02% and less than 0.3% C, more than
0.01% and less than 2.5% Si, more than 0.1% and less than
3.0% Mn, more than 0.003% and less than 0.08% P, less than
0.01% S, and more than 0.001% and less than 0.2% Al, and
contains at least one from more than 0.03% and less than
0.4% Ti, more than 0.001% and less than 0.2% Nb, more
than 0.001% and less than 0.2% V, more than 0.01% and less
than 0.5% Mo, and more than 0.001% and less than 0.2% W.
In the zinc-plated layer, carbides whose average particle size
is more than 1 nm and less than 20 nm and which contain at
least one from Ti, Nb, V, Mo, and W exist in a ratio of more
than 5 in each area, wherein the area is obtained by a
thickness of a plated layer and dividing the cross section of

the plated layer in a 1y m interval along a direction

orthogonal to the thickness direction.
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N<0.006% ~ Mo : 0.05%~0.5% ~ Ti : 0.03%~0.14% > 3%
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S<0.02% ~ A1<0.1% ~ N<0.006% ~ Ti : 0.03%~0.2% -
HAH Mo<0.5%& W=1.0%F &) 1 # 24 k » 5% 3F 6,4 Fe
BRATH#EOMEHMEMETER  RAAN AR BKERE
PATHRE L SS0C R EBTHR M ESEREERG
HEARIE  BEMERS L LEBRT RIS R4
Fobdo FHIRMS 10 nm &947 By oM fF A - 4 48 4
% 2 %35 R 4.8C+4.281+0.4Mn+2Ti<2.5 > A&k L A &R
tb 23 A 98% A L gk ék 0 AN A E FLHI A A
(Mo+W) / (Ti+tMo+W) =0.2 th% B R4 % Ti~ Mo &
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B E%i4F T%~15%t) Fe th94E4 R > Lili4ARGI AR
wmR BT 2% 45 A C:0.02%2L £~ 0.30%ELTF » Si:
0.01%34 £ ~ 2.5%LAF » Mn : 0.1%3X £ ~ 3.0%2L°F » P
0.003% A + ~ 0.08%3AF » S 0.01%2A7TF » Al - 0.001% 24
E~020%AF > B4 A Ti: 0.03%A L ~0.40%ATF » Nb :
0.001% X E ~0.2% L F » 'V 0.001% L £~ 0.5% A TF » Mo
0.01%3A £ ~0.5%3AF » W:0.001%22 E ~02%XTF +4&51
HWR2HEUNL BB ELSFe ARATHAEAHYE %441t
BERESEARGOBHRAN A LELEER Y NE1AER
BPRSMEAREHLFAFLEFHREL A 1 nm A E -~ 20 nm
UF > BaEAS Ti~-Nb-V-Mo- W&yl #Esx2FHEULEE
m Ao ﬁ:%‘ Pl 1 BER AL GERE EE( pm)-
REMEBEEFGERSHF G LA 1 um B &2 54 5 E 3
@fmz@k"aaﬁ@% (t;x1 (pm?)) -

i



1479033

43090pifl
BE 101121838 SRHAGRIAB MEIREIEAR EIEBHA:101£8 A 27H

[2] 4o Liti[1]Ari 2 &£ ibts Rh4E434AMR > H P U H
%3 L4k £ 44 B:0.0002% 54 k ~ 0.005% % F 45
By Ao R e

[3] 4o E#[1]R[2]A7 il 2 & 2 ALIE k45 4E4RA4R - H F
bl sRAR A B ALAAIR -

BE > RAREAFY FAERBE > RGP EE TS
# 590 MPa A L - A 4h - REBAM S LB RRESFMAIRE
Ak dlaEAR ~ A LMRIE—FE o

[458A e 2 R ]

WRBAER  THGAaME - SERFENE - A& AR
MR RSB HMIR - AF A S LI MRS
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b B 0.02%A Lt o B—H @ 0 #ABi® 0.30% > RIFHEN
€41t Bk EMm®A 0.30% -

Si: 0.01%8 E ~ 2.5%F

SitkABARILAEFRAR A THBILERER L
BAHH 001%UE - F3—Fd £8BB25%MRKE®RSH
Si» BB KBEP Sig)AabhEILERAKREER > MARB
EARBESBIORBEREZMLELILGRE - B AF EREK
2 2.5% o

Mn : 0.1%34 E ~ 3.0% 8 F

Mn A TRFBEMSMW B THEEBILKARER
L84 H 01%UE - B—F & A8 3.0%R7A » A
WiR KB P Mn ) R RILEHIRE T > MARAAE L
ABEHRBEBRERTFER LSO RE > BbF ERER

3.0% o # 4k 2 0.6%3A £ ~ 3.0%TF -

P :0.003%4 k ~ 0.08%XF

P RARATBEUESAEHNALEZL— » ZRXRBRF
0.003% > R A R Aoz & » B b3k % 0.003% L - B —
Hdm o moRRiB 0.08%e P RIFE#ZEME LI @M
FBLEE€HIL B ENALILAERRELSLILR
BHBELH REXRAFNENESLILE - ZBHBTRA
TR LIbEmBEALILRERE LA  MERAMS
by Bl B 2L B A FE /ML 1L - RF U EATH
HTHMBENESLILERRFALEREN - 6 2LBER
ey FEEMLESF > mBFP %A 0.08%RTF -
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S #4k X (gain boundary) 16 #7 ( segregation ) o 2 # -
EREMWARMS BF» EHHTHE - RBFE U ELATHE 2
B SHAH00I%RTFT - SHHSEHTRIELEEIRE >
TARERE -

Al © 0.001%32A E ~ 0.20%LA°F

Al UBHEANMEBELB I MG L4 ERD
0.001%8% > xERZEBY - F—F B Z2ALB0.2%
oy Al R k44 (inclusion) K ZE 4 - MR AMIRE
By R EARIE X EAT A Al %A 0.001% 24 £~0.20%
ATF o

Ti: 0.03%2L E ~0.40%2ATF > Nb:0.001%22 £ ~0.2%
ATF »VI0.001%A E~05%LTF » Mo: 0.01%A E ~0.5%
LATF » W:20.001%AE~02% A F ey lfEsR 2L

Ti~Nb~ V- Mo~ W & f sUE s AL 447 th % 48AR & A
FEAE Rz aiE vyl ER2FEAE - AH > Ti
B EIEREAN S AR AGBEM T TABE KLY LE -
1B » ZhmEERH 003% B REHEHRE ¥4 F 51t
M EHRATHONEYWEER L4 > £AE 040% 0 Al H
M Ftafo o B ALEF Bt £4F Tith ¥ Ti %
0.03% A £ ~ 0.40%LTF - Bi#> Nb~V -~ Mo~ W~ FiRE
mTiaR&ED » MmAF Nb %A 0.001%24 L ~0.2%LTF »
WV %A 0001%8 E~05%AF 4 Mo %A 0.01%24 E ~
0.5%ATF » % W3k 3 0.001%2L L ~ 02%ELF -
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B : 0.0002%A £ ~ 0.005%3 F

BREBUERFEKKEE ZSTLE 1234 K% 0.0002%
BB R KIRERRE - B —F @ £ A A 0.005%
By B> Al R4afo > B A s - Bt §4F B>
4 B 3% 4 0.0002%34 £ ~ 0.005% 4 F - |

%A B Fe RATHFGME -

(VBB P AYHBILYO TFHARBRELER

AEBERA S SILIE s E Bk a2 Ti-Nb- V>
Mo-~W & 14k 2 U LML o RN EERE
bt BT AERAT AR 0 FITRAFEREFEMER AN

AR A SIS AT SR ARIR S IR F AT AR A2 00
At &y TR EH A Ilnm A E ~20nm R TF o FAN 1
nm- BA R wIE GG ELMERENHEREY
ATRHE N MBREFTRETFEMERFXFK - FHE 20
nm ’ B 7R A e T 8F > AR K a9 R AL i A AL BE W 4R SR
PEAMEOER BEREASER -BE NAEAT
BREERI OIEMNTEEH20BAB L EH KEH
T3 (@) OFEAZ L OHBRIGEGERS
Lo 3w ag e

B ERBEHEHRERE (4 ym) REBEBEEF
GEXHFEGER 1l pym MR SELHELI OMERN D
# (tx1l (pm?)) 42 1 BERE  RABHG A LILE
RESART  RNE LBARRT RS ER L LFFLE£ T
ksl omAE~20 nm A F» B4 Ti~Nb~V -
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Mo-Weay 1l fER 2R Leymibty - #dhiFL SHEUE
RAGHEREN oI BRE—FT 25 - LRESE
FRHRZE -2k ZAEB S04 AERFEMLRA DKM
mAMX KA > BB E AL SOBUT -

AEAYSSILBERESGARGRICH AT A B EL
BHNBRE  EPRERRAMRGR BRI ~ R5RD
BREBER T B THEFABAGHR - A5 withey
R &FFHNRE  BPEAIKK - BEKELAK > TTH
BARERAGKX -

AE > BALMAFLAEE  RE - RARTHEBAT
B ik RAER - BlloTH R T bk B RERT R
HoI % B (Focused Ion Beam » FIB) » A A4 B ¥
AMEARIN BRI RERE  BITHAAFEXNETFBRMSE
( Transmission Electron Microscope * TEM ) #9#3 % ~ & #|
RAEE»HA X 5448 # (Energy Dispersive X-ray
Detector * EDX) &4 5 # °

A AFAEER FRLHILHAHELR > REY
it B MR TR S BEGH LG LS4
REMEHIALYBEARERALEERE PHUFT AR
RRBEOTE  ARORNE S P HEARR FHEELB
HiR - RBBEEEBHA BERXDVNBEHEREHRY
AL E o AABR FOIRICMEE RAEA TR
EHHFEEE HROIUNGEERLB AR AN ERY |
FRAESEFH I X  EABETELEAKREEFS -
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(3) 458 @k,

BARBA A AILIE AR GBS T 44 Fe &
B EREE T%~15% - 2 k% 7% > 8] Zn-Fe &R ER
o Bt R BSRPABEE Lok > @B
RERFENLE REREORARER - H—FT @ 8B
15% > B] Zn-Fe &2 bR BB 34T » 4 R BLERAR
HREHLERRERKES T4 EEFRMESI -

MRS g MARRGEBRENST BEAH
BTN EEL 10 gm* Rt RAA - EREEMY
WEMmET  BREALAS—GHMEES 0 gm’ AT o

(4) S4bisrhsisrsmir o B ok

ABEAGLSLSILBEBESARTE B T HF X MmE
BB BEER PR ARG REUBILERERS
850°C A L ~ BB E A S40 CA T Esazhdl » 8 > LA4H
RE S P EEES S500C AL ~800°C A FiATIR K » Hi%
TS B4R 4 R IE 0 S M0 AFSAAR Ao B £ 400°C 2 £ ~550C
UTHBERE®RASILRE -

# % (finishing rolling) # R B E & 850°C :A L

Zki% 850C » RIRSENKRBL L TETMAELH
R EHERAR MERLY MM - Bk FAHE
e At MR BILERBERS 850C
o LRESBFHBRE > BERES 1100CRTF -

HBEEBE A S40CATF

XA 540°C > B md 5 AdbE T F AT A £ 85 P3P
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fAILE NEBMBERESERE - 54216 KREEF > Zn-Fe
HAILRBERBEWRE  HLEREREELTHE - B
b BARBERAY S LILERESHEROERIE LA
540°CBATF -

AR & S BB E A 500°C Ak~ 800°C IA F #47iR
X

Blde > FIAERREHFLEERELOBREREEE » UHERKR
RSP EEE A S00°C Lk~ 800°C )L F #4718 K o # k%
500C > Al R {E it A4 2R A F > M T 2R E X
I LI MARNHEBZOBBRAE - S2LREF > 5
ICH AT HPNEER Y MERBEREFEM - W ARMT
o B —F@m > 4B 800C » Al RE4# & BéAik sk +
et Fake it Rit  MERKE - T~ EBEESY
fadb > M B Si~Mn % 5 b ERLER@ M RLA
it > RABELERBERSEGHRERA -

FHIE A4 R M AR E 4000C A E -
S550CATHRERTEASLSILRE -

A4 EIEBE K% 400C » B Zn-Fe 441t RE
®ER o BT RBALH A BEARPEER AT B - A
h s %4238 550°C 0 B] Zn-Fe 442t REBEWE AL » @
EREBEEMES -

[& #] 1]
7 1250C Tz BA &k 1 AT ek a4 R IRE
(slab) % > £%& 2 AR T RATHL > #m T A
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AEBiAthZ e+ HmEREEA 23 mm 623l
SRR o
o A AEKHESA E L (Continuous Galvanizing
Line » CGL) #AT/ #k4Z4F AT IR KR ~ IS Rk gE4F i 32 >
AL BEIE o o NEEA-35C ~ 5%H,-NL, 3R T » BAk 2 AT
FTHARREDINEBREEITHEETRRRE  HHE
A470°C ik 4% > ZANBE A 460 C K ak4Esr s (58
A& 1 Zn-0.13 & ¥ %AI1-0.03 § E%Fe) ¥ > #/THAEHR
e FRMARERNBES T ABBSGESTHER
(sinkroll) Z& % % ## (supportroll) = Fi » &R
B A 10 mm &9 4% $o 4 B 4 58 % 24 10 cm &9 R 1% B2 & 74
A F @ B e B ARRE R A 0.3 m/s 9 XEMIR K
FERFHA NESRERL  UER2HTHESLILRHE
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