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A加tra e t: Th
e su

rfa
ee m ec han ie a l a

ttri ti o n tre a tm e n t (SMAT )teC 俪q u e w a s de
v e lo pe d to syn th e s iz e a n an oc ry sta llin e (N C )

lay e r o n

the
su
rfa
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In th is Pape r, by m e a n s o f

SMAT to a Pu re z irc o ni u m Pla te a t th e ro o m te m pe ra tu re
,

re pe ti ti v e m u ltid ire e ti o n al pe e n in g o f s
tee l s ho ts (e o m Po s itio n

(w t% ): IC
,

1
.

SC r, bas e Fe ) se v ere ly d efo rme
d th e su

rfa
c e la ye r. A N C su

rfa
c e laye r e o n sisti n g o f th e in te rm

e ta llie

e o m po un d Fe C r w a s fa bri e a te d o n th e su ri触e e o f th e z irc o n iu m
.

T h e 而ero s
tru
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rfa
e e laye r w a s ab o u t 25 林m th ic k a n d e o n sisted

o f th e in term
e tal lie e o m Po u n d Fe C r w ith a n

a v era g e g raj n size o f 25士10 n m
.
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a ti o n 一
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,
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a ti o n o f in te rm

e tal lie e o m Po u n d
.

In ad d itio n ,

th e N C s u
rfa
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n an o h a川n e s s o f 10
.

2 G P a
.

Ke y w o r ds : n an oc ry s tal lin e ,

in te n n e tal lie e o m po u n d
, s u ri伯c e la ye r, de fo rm

a tio n ,

d i而
sio n

T H E FA B犯CA T10 N o f th e n
an

o e ry sta llin e (N C )
su ri恤c e la ye r o n bu lk m e ta llic m a teri a ls ha s be e n

attr a etin g ra Pid ly in c re a sin g in te re st be e a u se e x e iti n g

n e w m ec han ie al an d Ph ysie al Pro Pe rt ie s e
an be

ex Pe ete d
.
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,
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,
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v
硕
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,
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e o n tin u o u s g r a in re fi n e

me
n t d o w n to th e n a n o m e te r

fro m o ri g in al e o ar se g ra ln s w ith o u t ehan g in g th e

c henil
e al eo m Po sitio n o f th e m a te ri al

.

A n o th e r
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o c ry sta lliz a tio n 15 tlie g re a t

e
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.
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e x a m Ple
,

it ha s be e n re po rt e d th a t th e l一itri d in g

te m pe ra tu re o f th e N C Fe Pro d u e ed u sin g SM戌Fe
an b e

re d u ee d to 3(X) ℃
,

w hi e h 15 a t le a st 2 00 ℃ b e lo w th e

eo n v e n ti o n al n itri d in g te m pe ra tu re [6 ]
.

Th
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th an th at in Fe la tti e e
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pe ri m en ta lly d o e t一m e n te d
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,
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in situ fo r ll飞ed in ten 刀e tallic

Zr by u sin g th e SMAT

12 0林m
,

w ith a eo n tin u o u s g r ain re fi 一l e m e n t fro m in sid e

to w a rd s the
tre a te d to P su

rfa
e e

.

T he g ra in b o u n d a ry
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O洲价.

01洲.

te e
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.

Th
e su

rfa
c e la ye r e o n siste d o f in te rm

e ta llie

e o m Po u n d FeC r w ith an
a v e r ag e gr ai n siz e 2 5土10 nm

.

Th
e in te n n eta llic Ph a se w as in situ fo rm

e d v ia a to m
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sio n d u ri n g Pla stie d efo rm

a tio n
.

Th
e su

rfa
c e laye r
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2 G Pa
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1
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E x Pe ri m e n t8 IPro e ed u re

Th
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,
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.
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,
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.
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,
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.
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.
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n w a s vac u u m an

n e a led fo r 2 ho u rs at 9 50 oC
.

D u ri n g th e SM户a
,

Pro e e ss ,

th e h ar d e n e d ste el b a lls

o f s 们阴比 in d iam
ete r (eh e

而
c a l eo m Po sitio n (w t% ): I C

,

1
.

5 C r, ba se
Fe ) w e re Pla ee d a t th e b o tt o m o f a

e ylin d e卜 shap
ed v a e u u m eh am b er att ac he d to a

v ib rat io n g e n era to r, w ith w h ieh th e b a lls w ere

re so n a
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.
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,
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a te d w a s Pee n
ed
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E ae h Pe en in g o f th e b a ll to th e su ri恤c e

re su lte d in lo ea liz e d Plastic d efo rm
atio n in th e su ri 恤c e

la ye r o f th e
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.

A s a e o n se q u en ee th e gr aln s

in th e su ri饭c e la yer w e re e x Pe e te d to be e

ffe
eti v e ly

re fm
e d

.

A d eta ile d d e seri Ptio n o f th e SM A T ap Par atU s

u sed in th is stU dy ean be fo u n d else w h ere [l
,

2 ]
.

In th e

Pre se nt w o rk
,

th e SM户L1 { w a s Pe

rfo rm
ed u n d er vac u u m

at ro o m tem Pera tu re fo r 5 0 m in u te s w ith a v ib rat ing

fre q u e n e y o f 5 0 H z
.
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而

e ro s

trU
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e te ri z ati o n of th e su

rfa
e e la ye r w a s Pe

rfo rm
e d in

an o Pti ea l 而e ro seo Pe
,

X
一
r a y d iffr ac tio n (X R D )

,

sean ni n g ele e

tro
n m ie ro seop e (S E M ) an d tr an

s
而

ssio n

e lee

tro
n rni

c ro sc o Pe (T E M)
.

Th
e h ard n e ss o f th e

su

rfa
e e la ye r w a s a lso

me
a su re d u sin g a n

an
o har d n e ss

in d e n te t

b

F6 C r

Z f

O闪闪.州洲凶
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, 甲
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n
.

招
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寸�火况�,。
叫叫11,
。

价间O勺l
0叫11,

凶洲O州,l
0101,

2 0 4 0 6 0 8 0 1 0 0

2 夕
,

d e g

Fig
.

1 X R D Pa ttern
s o f ( a ) a s

一

an n e :lle d

top su ri 电e e a ft e r SMA I’.

1 2 0 1 4 0

an d (b ) 加a te d

2
.

E x Pe r im e n ta l R e su ltS

Fig
.

l(a) sh o w s th e X R D Patt
e rn o f th e a s

一

ann
e ale d

Zr b e fo re SMA T
.

Th
e Z r re v e a ls a he x ag o n al e lo s e

Pac k e d (he P) s

tru
e tu re

.

N o te th at the M ille r in d ie e s

e o rre spo n d in g to e a e h Peak h av e a lso in d ie ate d
.

Fi g
.

l(b ) 15 th e x R D Pa tte rn o f th e tre a te d to P s u rfa
e e o f云

a ft e r SMAT
.

It 15 o f sPe e ia l in t e re st to n o te th e

fo rm
ati o n o f th e in term

e ta llie e o m Po u n d Fe C r w ith a

e u b ic s

trU
e tu re

.

Th
e w id e n in g o f th e d ifl趾a e tio n Pe欧 5 15

a lso o b s e rv e d
.

Th is 15 d u e to th e e ry stal li te s iz e

r e fi n e m en t an d th e in e re a s e in m icro s tra in s a s s o ci ate d

W i th th e s e v e re d e fo n Tl at io ll
.

F i g
.

2 ( a ) 15 a n o Pt i c a l im a g e s h o w i n g th e

e r o s s
一 s e e t i o n o f t h e S M A T e d s a m P le

.

T h e

d e fo rm a tio n
一
affe

e te d z o n e ha s th e d e Pth o f ab o u t

Fig
.

2 C ro s s 一s e e tio n im a g e s o f th e :弓M A fe d

OPtie al im a g e an d (b ) B S E im ; , g e by

ar r o w h e a d s in d i e a te th e SM戌Ye d
s u r fa e e

.

e o n tra
s ts alm o s t d is aPPe ar m u ‘: h n e ar

sam Ple

SE M
.

.

( a)
T he

th e tr e at e d
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su ri 恤e e
.

Fig
.

2(b) 15 an u n ete he d ero ss一 see ti o n o f th e

SMA Te d s

am Ple u sin g bac k sea tter ele e

tro
n (B SE )

im a g in g in S EM
.

A 而n su

rfa
ee layer o f ab o u t 2 5 林m

d e eP w ith d ark
一

gre y c o n
加 st 15 v isible

,

lo e ate d ju st

be lo w th e tr eat e d su ri触e e
.

In c o n
如

st
,

the in sid e ar ea

e
劝ibits a u ni fo rm lig ht

一

盯e y eo n tr a st
.

Th
e re lb re

,

th e

d iffe re n e e in che
而e a l e o m Po sitio n a Ppe ar s be tw e e n

th e su ri恤c e layer
an d th e m a tri x

.

Zr d u ri n g Pla stic

de fo n n ati o n.

Fl g
.

3 (a ) 15 a S EM im ag e o f th e e ro ss一se c tio n o f the

SM A 】七d sa m Ple
.

T七e s

am
e eo n

tra st d ifl七re n c e 15 se e n

a s th at in Fi g
.

2 (b )
.

T h r ee eo m Po sitio n di stri bu ti o n

c u rv e s

are
sho w n re le v

an t to Z r, Fe
,

an d C r re sPe e tiv e ly

丘。m th e tre ate d su ri汤e e to w ar d s in sid e
by u si n g E D X

in S EM
.

It 15 se e n th at th e

are
a o f d ark

~

g re y eo n
tra

st

e o n tai n s
Fe an d C r w he re a s th at o f lig h t

一

gr ey eo n tr a st

e o n tai n s o n ly Zr. Fig s
.

3(b )
一

(d ) in d ie ate ele m e n ta l

di stri bu ti o n in an are
a m ar ke d by a re e tan g le in (a)

.

N o te th e Pre se n e e o f Fe
an d C r w ith in th e

thi
n su

rfa
e e

lay e r o f d ar k
.

g re y e o n tra
st

.

Th
e re fo re

,

it 15 eo n elu d ed

th at Fe an d C r d iffi lse fr o m stee l ba lls in to th e su rfa e e

o f th e Zr
sPee im e n d u ri n g th e SMAT Pro ee ss

.

而e ro g r a Phs ,

th e g ra in siz e d istri bu tio n 15 m e a su re d
.

Fi g s
.

5(a ) an d (b )are
the h isto g

ram
s sho w in g th e siZe

d istri bu tio n o f b o th Fe Cr a n d Z r a t a b o u t 5 an d 3 5 林m

d ee P re sPee tiv e ly
.

O n e m ay fi nd th at the gr a in siz e s

Fig
.

3 Ch
em ic al e o m Po siti o n an alysis by E D A X in

S EM
.

(a) lin e 一se

ann in g eu rv e s re le v
an t to Fe

,

C r’ an d

Z r re sPe e ti v e ly
.

(b )
一

(d )are
a
一 se

ann in g o f Fe
,

C r, an d Z r

re s
pe eti v e ly

·

Fl g
.

4 (a ) 15 a ero ss
一
se etio n al l

,

EM bri g ht
一

fi e ld im a g e

sh o w in g th e in terfa
ee be tw ee n the su

rfa
c e la ye r an d

su bstr ate at ap Pro 劝m a te ly 2 5 林m d ee P fro m th e tre
a ted

to P su ri泊e e
.

It 15 o f in tere st to n o te th e Pre se n c e o f an

的ru Pt e han g e in th e gr a ln siz e a t th e in terfa
c e

.

Fig
.

4 (b )
15 th e 而ero s

trU
e to re o f a PPro xi m ate ly s 林m d ee P

.

Th
e

N C g ra in s

are
v isible

.

Th
e in se t 15 th e eo

rre
sPo n d in g

se lee

ted
一
ar ea e le e

tro
n di 价

ae tio n Patte m (E D P)
.

A set

o f ri n g s in d ie a ted th at th e N C g r aln s

are th e

in te n n e ta llie eo m Po u n d Fe C r o f r
an d o m o ri e lita ti o n s

w ith a be e e ry stal stru c tu re
,

w e ll e o n sisten t w ith th e

X R D an al ysis in Fi g
.

l(b)
.

Fi g
.

4(e ) 15 th e T E M

bri g ht
一

fi e ld 而ag e sho w in g th e Ini e ro s
tru

etu re o f ab o u t

3 5 林m d eeP fro m th e
tre a te d su

rfa
e e

.

Th
e eq u iax ed Z r

grai
n s

are
v isib le w ith in th e su b而

c ro m eter siz e re g im e
.

T b e in set 15 the ri n g
一

like E D P sh o w in g th e heP

strU C tu re 0 f 2址
.

A e e o r d in g to a sta tistie a l a n a ly s is o f T E M

Fig
.

4 T EM im a g e s sho w in g (a ) an ab ru Pt e ha n g e in

g ra in siz e at the in te ri 恤c e be tw e e n th e su

rfa
e e la ye r a n d

the su b str a te at ab o u t 2 2 林m d ee P
,

(b) n a n o g ra in s o f

in term
e ta illic e o m Po u n d Fe Cr a t a b o u t s 林m d e eP

.

In se t 15 th e e o
rre

sPo n d in g E D R (e ) re fi n ed Z r g ra in s o f
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