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[Abstract] Hot Dip Alummlzed coati“gs wilh difkrent Ihickness were prepared on Q235 steel in aluminum solutions

wlth diⅡ；rent temperature for cenain time Throu小tensile tests and in-situ SEM obsefvations，the efkct ofthe coati“g’8 mi-

cmst兀lcture on the tensile strength 0f the samples w盼studied It was dlsclosed at cenain aluminum solution temP。rature，

transaction laye隅mainly composed of Fe2A15 phas8 90t thicker with tim8 pmlon西“g，and this cha“ged initial crack’s extendi“g

direction fmm p盯allel with to venical with stretchi“g direction．The cha“ge in cmck direction decreased ten8ile stren殍h
of sam—

ples，thus made th㈣ati“g easy to break．It was concluded that the exi8tence of thlck Fe2A15 ph够e 1ayer was the basic reason
for the 10wed“g of tensile stren昏h of the coati“g

¨Key words] Fe2A15Phas。；mechanics behavio。；crack；hot dip aluminizi“g coati。lg

O Intl·oduction

Dud“g researches about steel’s hot dip aluminizi“g，ma“y

were focused onefkcts of micmstnlcture on hea￡re8istance蛐d

cormsjon msistance．sel(|om were focused on effects 0f the coat—

i“g on mechani(·8 pedirrrlances 0f s砌ples
In fact，bnnle F82A15 phase was e聃y to印pear dud“g hot

却alumin汹g process∽“will甜缸pe血m¨ces of sam—

ple5 greatly Seldom was mponed a1)0ut this．

H0t dip aluminizi“g 00ati“g”as composed of two 18y—

ers 6：sudace 18yer an(j tran8action 18yer，the f0珊cr咖tained
mainly“-Al and a l卅1e FeAl3，its thickness was det唧ined

malnly by misi“g 8peed and dip tim6；t}le 1atter contained

mainly F。2 A15，its thickness was detenIlined mainly by alumi—

num solution temperature and dip time

Accordi“g to the basic c叩clusions that the thicknes8 ofhot

diP aluminizi“g。oati“g increased with dip time卸d the relati。n

between the coati”g’s thickness and diP tiIⅡc wa宕in confomi‘y

with A曲enlus relation，the relation beh旧en hot dip alumini—

zi“g P8mmeters and mech蚰ics strength w船studied by means

of in—s“u tensile tests on samples．The contml mechanism 0f

microstnIcture on macIn pedj珊ances was discussed，and sci·

enti6c basiswere pmvided for optimizi“g coati“g

1 Experimental

Q235 steel was used佃prepare samples ne sh8pe and

size of samples were shown in Fig 1 ne sample had a

R—lved Datel 2004—02—23

中3 2 mm h01e on its top．After d。greasi“g and m8t removi”g，

8珊ples were iInmersed in aluminizi“g-ald solution at 70℃for

1 min，then baked，hot dip aluminizi“g at cenain tempe7砒ure

for cenain time The mi8i“g 8peed was carefully。ontrolled at

800 mrn／min

In—situ obse“ation of samples in tensile te8ts was conduc—

ted on S一80 type SEM，accelerati“g。oltage was 20 kV and

8pecined 10ad was 200 kg．

Flg 1 1hslle叩eci呻n for sEM in．situ observmion

2 R鲻ults蚰d AanaIysis

Through tensile tes协on 8ample8 prePared at difkrent rai—

si“g 8peed it w8s found that the t}Iickness of sudace 18yer af

fected ten8ile stre“gtll less．Besides，before aluminizi“g，Q235

steel has been蚰nealed at 920℃，thus the temperature cha“ges

0f aluminum solutions in the r蚰辩0f690—750℃will a‰ct

tensile stre“gm of the sample 1itIle．so the effect of”ansaction

18yer’s microstmcture on tensile strength w舶studjed in detail_

The relation between tenslle slren舒h 8nd aluminizing tem—

pemture粕d—ation between tensile strenglh and aluminizing

time were shown in Fig 2 It can be seen that wilh temperature

increasi”g and tim8 pmlongi“g，tensile stren群h tended to de—
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F19 2 stren舢0f aIuminIze(I spe【_lme㈧hm dlp Iimeand le“畔mtu陀

La(k of refe㈣e abom mechanical stren昏h of Fe2 A15
phase，1n．situ SEM observatlonwas used to study the e恤ct of

hot dip aluminizi“g ooali“g on tensile stren殍h of samples In—

situ SEM ngurefor coati“gs prep8red at 7加℃forl min and 6

minwere shownin Fig 3 and Fi94．It can be seenfmm Fig 3

that Fe2A15phase 18yer is“n(about 30斗m)at this time．Du卜

1ng tensjle lest，because Fe2 A】5 ph日se诂¨Ine，沁tensile

stre“gth is low，some h谢z。ntal cracks venical with knsile di·

rection 8ppeared 6rst(Fig 3a)，with load inereasi“g，venical

cm。ks 8pp8ared(F培3b)and joined”gether hoizontal

cracks，wlth 10ad increasl“g funher，venical cmcks extended t0

fonninnerlayer-cracks(F培．3c and 3d)．Atthlstime，some

F。2A15 phase 18yer about 15“m thick stm exi8ted near 8ub—

strate(Fig 3e)，wiIh 10ad increasi“g，substrate broke alo“g the

cracks in remaining Fe2A15 phase(Fig 3f)．

sEM矗gIlre 0f舳珊Ple al“肋nIzed af 720℃for 6 m抽was

shown in Fig 4a，“can be s咖that t舢action 18yer become
thicker obviously In tensile test，ho五zon翻cmcks nInni“g

thmugh the layer 8ppeared venjcal with tensile dlrection，with

load increasi“g，surface l时er broke(Fig 4b)，this di珏ered

hom that for coati“g aluminized for 1 min With load increasi“g

funher，crack8 extended inner alo“g cmcks in tmnsaction 18yer

(Fi94c)to join wifh inner mixfure，and Ied Io the eady break

ofIhe 8ample(Fig 4d) It canbe concluded that with tim。pm—

Jo“gl“g，transaction Iaye。got thjcker，this cha“ged initiaI break

mode of aluminized sample8 and led to the decrease of the sub—

sLrate’s tensile strength．nat means thick Fe2A15 Phase 18yer

is har—m to sample’s mechanlcs perfo哪ances

d)(ra(k

，；：字。；：竺。。。。。。。。。。0：：鬈芒等：篇怠j“”1
at 720℃南r1 minlnIen8llet∞t

aJ InltIal cfack m translIion layer (b)“acture of surface】aye r

c)crack propagatIon oftransltlon

laVer lO base

Fig 4 In—sim SEM ngLI地of c删k pr0阿tlon ln
su晌ceelaver 0fmeel dumlni2ed at 720℃南r 6 min

3 ConcIusi0璐

Fe2A15 ph∞e lBy“埘11 gecthicker wiIh diP tim8 pro—

lor晦“g or tempemture deg∞舳iIIg，tllis leads lo the coati“g e船y
to break．Not only cormsi叫I℃8istance de肿ased but also te卅
sile s骶ngth d89陀a驼d bec蚰驼“tlle appe耐ng alId extendi“g
of cracks in the c册ting．so，tllis factor$hould be considered in

the funhe7叩timizi“g 0f hot dip alumin埘“g techn0109y
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“tanium ls stm“ger than that of copper．F0r t11e co肿sion re-

si科ance of呻乱i“g Layer．1t decre船eswith the colltent of cop—

per increases，while the co舯sion resist蚰ce 8bnny is the best

when山e content of all可i“g。lement Ti is 0．3％．The Yesuhs

are in accordance with the SEM observation and the t|leoretical-

ly analysis
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