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Effects of Surface Mechanical Attrition Treatment
(SMAT) and the Content of Zn on Low-Temperature
Pack Aluminizing Process for Pipeline Steel X80
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Abstract: Low-temperatrue pack aluminizing processes were carried out on the original pipeline steel X80
and those after surface mechanical treatment for 50 min in the pack powder consisting of Al and Zn as the
main active atom source, and NH,ClI as the activator. The effects of SMAT and the addition content of Zn on
the coating thickness and atom diffusion characterization of as-aluminized pipeline steel were studied. By
using of different content of Zn, the atom diffusion rate in the as-SMATed pipeline steel X80 is always far
higher than that of non-SMATed substrate packed at the temperatrue that can not break up the impact of
SMAT. The unstable bulk diffusion is the main atom diffusion form in the as-SMATed pipeline steel X80
which is accordance with Fick rule driven by the gradient of atom activity. The state change of pack powder
caused by diffusion temperature and the content of Zn is considered as the reason of as-packed coating with
different products.
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Figure 1.Relationship between residual fractions of surface

hardening and annealing temperatur
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Tablel depth of atoms diffusion under various techniques for 1 h in as-SMATed specimen

F 1 SMATS0 F4REE 1T B BNAEAIZ TR BRFEANRE

annealing Content of Zinc/wt /% depth of atom diffusion/um
temperature/'C
as-SMATed non-SMATed
333 0 0
400 66.7 0 0
80.9 25 (zinced layer) 0
470 333 0 0
66.7 0 0
2087 978-1-935068-37-2 © 2010 SciRes.
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80.9 39 (zinced layer) 0
333 10 (aluminized layer) 39 (aluminized layer)
530 66.7 42 (aluminized layer) 19 (aluminized layer)
80.9 64 (Zinc-aluminized layer) 12 (zinced layer)
Zine alusoionee laver 3

0. 1§ SR EE R SR LR AR Cick e, AEIRFERIY U

B PN =
Arrhenius K&
fi ’ %2: =KDt )
D=Dye D Hop 8 B BURTBAGEE, D TR, k
A DAY HEUEEL Q A HUMTERE, R AR TR g6 (1) AA[E.
TR, HAEN 8,314/ (mol < K), T WALk m5=A+§§
(ERFE SRR B, RISy f R BT (3

i A R T R JLrp AL B O EL, BEBHARK ) Th IR O RE A
;gjgiéggzgﬁﬁg%gz;gﬁifgg s Pick A, FELLEREBAIEAES) F 0 ERos ot
. . : T HE.
FERARIS, BIEh RA3BEE, B KEEN 530C
N, A IS S IOB L. ZHTRUXPEARDY 2.2 SMAT X EHIR I
@WW%QNMWLW%%ﬁE%SMCHLiE@ I 1 AT LIE H e eI SR R, SMAT 3o
REIP B R (400°C 4ZE)°C) s I IEA A=A (R RE AR T A S TR B R T, v NV L ok
E@ﬁﬁﬁtﬁ?ﬁz[AL]E@ﬁ§E§Z<@§Eh,Z<ﬁ§ﬁ%ﬁiSMATiﬁ$$i§ SMAT B T4 SIGE (A 1) S 1A/
/2o SUAT RHERIE, AELTERTI U 2B e gty ) ot s DKM/ B SUAT
FH L 'rfnéﬂ%%%iﬁ%%ﬂﬁﬂ’ﬁﬂi, e AR A BERE S 5L 5 SRR HE SR Y T R,
OO 0y BAI LK it 52 BAL RO WIS g o UG T e T FLAT 0 e 12 T P4
AN R R P AR TR PR, RAEEFBA. SRR = Y S, X R AT S R,
WS B E EE I  LAL ] PR TR IR e, i HEAR, B
B s TR R AL VR B R . BUBR KRR
BEREEAG G, B ST G T AR
BOBOE AE Qs LRI, R (D X, 7ERFRRE
AR BRBCE AT BORBOR . P LAEYE R K
SEdm It T DU PR A A9 #. i 4h, SMAT AFilAER
[HHDRE AR =, R ITRESE N A AT BIARS 7 R B
P = AL R T B AR R T e Bt s AR T R
WS R T R A R, MR R T

140} 2. 3 BHIE MR IR T IERE KR

@ E e s e e e % 1 BITLLE Y B R O AR,
MBI TR T LE R N 80. 9 (wt) %, AEBUAR AL S

(400°C. 470°C) T, BENBHRBEE, B
temperature and the logarithm of diffusion depth ﬂr% (530°C) , B o7 ttiﬁ%ﬁﬂ‘ ’ éj% A EFI;

B 2 ™ HORL S RIS T UK T RO EOC & FIBER )2, BE R TR [ 4 LR I U B AR B )2

B MR HE A A P, 95 R RN R A 4 oy JE )

el 2 5B R R Py, 22 SUATS0 SPBRETIA osiesmsmptnne ks, # 1 hh OIS RISy Th
Ff2 T 40K 2 0 1 579 L BE B 5 S 3 OR BE S, BRIIR T4 =2, A, 4L

oS

165 |-

In6/um
& 2
T T

&
T

~
o
T

Figure 2. The relationship between reciprocal of diffusion

978-1-935068-37-2 © 2010 SciRes. 2088



2010 The Second China Energy Scientist Forum

LB RS . 2B sl A, i 2T
Bt [AL] R RETE L 53 A AR S B S MR 7, ik
I B AP RS R, SRR RR, LK
3.

X300 50um 10 62 SEI

Figure 3 .SEM image of aluminizing layer
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Figure 4 .EDS image of aluminizing layer
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