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Table 1 The corrosion resistivity of different Fe - B compounds 

in molten zinc 

rare thickness ol the 
number corrosion rate Iailure 

earth content boronizing layer 
code /d  Ieature 

/mass% rn 

1 0 455 56 crack 

2 4 463 140 plttlng corrosion 

3 10 460 175 pitting corrosion 

4 20 445 5 1 pitting corrosion 



Fig. 1 Effect of rare - earth element on microstructrue of F e  B compound layer (a)l%sample. (b)2 '  sample 
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Fig.2 Horon concentration on the Fe - B compound layer ob- 

tained by EPMA 



Fig.3 Mlcreindentation on Fe - B compound layer ( a ) l  %ample, (b)3 '  sample 

Fig.4 SEM of fracture of Fe-  E compountl layer ( a ) l r  sample, ( b ) 3 '  sample 

m l ~ ~ % ~ B ~ % z % @ ~ l - ~ ~ t r E ,  5!!&%%Bt!k, 
$3XqE%E+HE3&E@B$5B,,%@T@H&B @%XH: 
I [ 1 ] W a n g G X . H m W X . S t u d y o n r o r r o s i o n s t r e n g t h o f b o r o n i z i n g  

%*6@EZ$%, &f!h@%, ~@@!P, %gfi3gB:lrq layer against melt zinc [ J I. J .  Hebei University of 'Technology. 

$dl'%, WR@%&4)$$-4BE. m$%kz%@J'&aE [ 2 ] Cao X M. Wen M .  Materials that have good resistance to molten 

?H%F!@l*l%k3-, %$&fifbkBfF~ PHhi$?%, %%i!Z3!iiEB zinc and immersion heating technology in hot - dip galvanizing 

[J 1 .  China Mechanical Engineering, 2002. 13( 19) : 1642 - 1645 

(dk%%, Q u % . f i i P t i ~ f r 1 8 f i ~ f # $ & % # @ 3 : I f . l f i U % # l i : [ ~ l .  +E 
tnRIB.2OO2.13(19) :  1642 - 1645) 

[ 3 1 Tsipas D N ,  Triantafyllidis G K .  Degradation behaviour of 

boronized carbon and high alloy steels in molten aluminum and 

zinc[J].  Materials Letters, 1998,37(3) : 128 - 131 

[ 4 ] Gu Z G, Liu Z F. Dai H,  et al. Corrosion resistance of boronized 

low carbon steel in zinc liquid for heat soat coating[J]. Heat Treat-  

ment of Metal, 1998, (1): 12 - 14 

(~zfill~. xllnrxl. ~fi~.~mmamaaat+~+mfi~fip.1: 
[ ~ ] . & E % f i P f l ,  1998,(4):12-  14) 

[ 5 1 Gerd B. A study on morphology of boronized specimen[J]. Cryst 

Res. Technol., 1985,20(8) : 1085 - 1090 



[ 6 1 Xla Y Q, Liu W M, Yu L G.  Investigation on the tr~bological prop- 

ertles of boron and lanthanum permeated mild s teel [J]  . Materials 

Science and Engineering, 2003.354(1 - 2 )  : 17 - 23 

[ 7 1 Liu R Y. Wang X .  Effect of borate coatlng on corrosion resistance 

of pure n~ckel In molten LiCI - LizOIJ 1 .  Transactions of Nonfer- 

rous Metals Society of China. 2004, 14(1)  : 113 - 117 

[ 8 1 Liu C L. Wang F .  6- cementation of rare - boron and the per- 

formance of the In)-er[J]. Heat Treatment of Metal. 1989. 3 2 ( 8 )  : 

21 - 2 3  

( ~ I ~ c B ,  x ~ n . m w k % z # $ B % E m e ~ [ ~ i .  gnfifi 
8 . 1 9 8 9 , 3 2 ( 8 ) : 2 1  - 2 3  

[ 9 1 Tao X K,  Dong K X,  Peng R S. et al. Study on co - permeation of 

s l i d  rare - earth element, boron and vanadium [ J  1 .  J . Chin. Rare 

Earth Soc., 2001,19(2) :  178 - 181 

(R/J\B, WEE. 3: a 3-3. Bi##asknaA%#F&@J@fR[~I. 

qmskf fSt ,2001.19(2) :178-  181) 

[ l o ]  Shen S W, Song Y P,  Feng C M .  Effect of the rare earth on micro- 

hardness and wear - resisting property of the layer[J ] .  Shan Dong 

Farm.2002, (5 )  : 13 - 15 

(R.ES, zn a, wsy. ~ + . Z E X ~ ~ ~ ~ W E Z H ~ B . ~ E F E  
%@J%nl t ; ] [ J ] .  l h%&f l ,2002 ,  ( 5 ) : 1 3 -  15 

[ I l l  Song Y S,Xu B. Hua L, et a]. Effect on bor~de beittlement of the 

chrome and rare - earth elements [ J  1 .  Physical and Chemical in- 

spection. 2000,36(5)  :203 - 206 

(%BE, i?%,%%3. Cr B RE Z%X.fba4k%!IElf?%@J%@l 

[ J ] .  ?!!fk@%(%!I?!!f!d%?), 2000,36(5)  :203 - 206) 

[12 ]  Ai Y L, Wang W L, Cheng Y G, et al. Microstructure and proper- 

ties of R E  - boronized layers of steel 45 [ J  ] .  Heat Treatment of 

Metals, 2004,29(2) : 34 - 36 

( X t t t ; ,  X % f ,  @3@%5.45 @i%. I t f iEmw&Wz%@EiH 

- r i ~ , k % ~ f i [ ~ l . ~ E % ~ B , 2 0 0 4 . 2 9 ( 2 )  :34 - 36) 

IMPROVEMENT OF CORROSION RESISTANCE OF BORONIZING 

LAYER IN MOLTEN ZINC BY ADDITION OF RARE - EARTH ELEMENT 

MA Ruina, CAO Xiaoming, WEN Ming 

(School of  Materials Science and Engineering, Hebei Uniwrsity of  Technology, Tianjin 300130) 

Abstract: The layer of Fe  - B compounds obtaining through boronizing method has very good corrosion resis- 

tance. But in boride coatings many physical defects exist, which limits the protective life of the coatings. In order 

to improve the corrosion resistance of the boride layer, this paper, which directs towards the problem of corrosion 

in molten zinc urgently to be desiderated in galvanizing industry currently ,studies the effect of the rare - earth 

element on the corrosion resistance of boroning layer in molten zinc. T h e  boride coatings were investigated in 

molten zinc at 500°C . Results indicates the anti - corrosion ability of the co - cementation layer is 3 times more 

than that layer without rare - earth element, the reason is as follows:On one hand, the co - cementation can im- 

prove the homogeneous distribution of alloying elements and the surface condition of the layer and reduce the sur- 

face defect, as a consequence, the time of the crack nucleation was put off, it is difficult to form the pass of the 

zinc liquid. On the other hand, addition of rare - earth element can improve the toughness of boride coating, raise 

resistance of crack and make further improvement on its service life of corrosion resistance in molten zinc. 
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