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Abstract: As fundamental structural materials, steels are widely applied in the national economical fields. Since the oxidation and corrosion
occur at steels in engineering applications frequently, surface modification on steel through pack aluminizing can contribute to improve their
oxidation resistance and corrosion performance. So far, the effect of aluminizing parameters on the microstructure of coatings, surface integrity
and mechanisms for element diffusion is relatively dispersed, which is also deficient and need to be sum up systematically. Accordingly, the
impact of aluminizing parameters on the microstructure, surface state and properties of pack aluminized steel was reviewed, and the
relationship between aluminizing process parameters and microstructure of the layer was analyzed. In addition, the influence rules of
aluminizing process parameters on diffusion coefficient and diffusion activation energy of Fe-Al element were summarized. Also, element
diffusion mechanism of Fe-Al and the diffusion mechanism of Fe-Al element was analyzed. The prediction models of aluminized layer is
summarized and the tendency of research for aluminized steel prepared via pack cementation has been forecasted.
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Fig.2 XRD patterns of Fe-Cr-Ni alloy layer*"
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Table 1 Microstructure and properties of aluminized steels in different temperature ranges
Temperature/°C Main phase Thickness/pm Performance Reference
Admirable seawater resistance, the corrosion current
400~ 660 Fe, Al 110 LI et al. [%!
density is 33% of substrate in seawater
Fe, Al; 40 - LEVIN et al. [
Outstanding oxidation resistance and excellent adherence :
Fe,Als/FeAly/FeAl 100 ZHAN et al. [
to the substrate
. Better resistance to high temperature oxidation corrosion !
Fe, Al 30 . MAJUMDAR et al. [’
compared with substrate
Admirable high temperature oxidation resistance and
Fe, Al 110 sulphidation resistance, 134 times the sulphidation ZHAN et al. 1%
resistance of substrate
Outstanding seawater resistance, the corrosion current
660~ 1200 Fe, Alg/FeAl, 190/100 LI et al. [
density is 18% of substrate in seawater
FeAl/Fe( Al) 120/180 Superior mechanical properties and oxidation protection REZABATENT et al. [%
FeAl,/FeAl 250/50 - LEVIN et al. (2
Fe,Al;/FeAl/Fe Better resistance to high temperature oxidation corrosion
120 o MAJUMDAR et al. [’
(Al) compared with single Fe, Al phase

1.2 E%AEtiE

B RSB E AR BT ) — A E
217200 BAHADUR 250V #F 58 T 304 N5 N TE
950 °C it & T ¥y K (32 50 5 2 50 2 OW 24 418
b, RIB AR 2 h BB EAMNE R 20 wm JEH
Fe, Al P24 50 pwm JE ) FeAl; B HRE A 4 h,
BEHREA 115 wm JER FeAl, SCHER[21 1T T
Fe-Cr-Ni 542 600 CiREE T 240 2 h 1922 W HH L
5152 Fe, Al Fll FeAl, A, 4B MRBTHIERK 2 4 h, B2
T T FeAl Ml Al Fe, #, [F i3 )2 B JE M
11 wm 284 17 pm, #R1ii, SON %52 [ XRD 43 #r
T AISI 4130 #I7E 500 C & JE T /51845 6,12 I
24 h G B YA LS, K IRE 2 A I N 2 B Bl
BRI A, Sk Fe, Al AH B & R B Rl % 5
FRET AN 20 pum 3G IR T 52 pm, WA 3 TR,
WANG 45 & 3T MG 48 Hh B4k E 830 C
L N B RS R B (] 038 20 AH B B kA
AR U 2R T ] R AR AR Fe, Al Fil FeAl
A HIEE 2 SR FE B A 2 BRI (] 1 2846 (1~ 5 h)
M40 pm BEHTE T 105 pm, GEEKF, AN LA
BRI 1B 2 0 WA 153 8 2 B 25 95 AR v [R]
KA AHSR A B B[R] Y L N 9B 2 R 4
BEIS S5 I (B 3G I3 0, 008 2 R R 3G, TEANRE
B IR IBT AL PR AV RE I [R] I B R i A G
TBHEWNEH A4, AP R A — 5 i )
FIN B R R IR AR Bl 2 5 R 56 & an =L
(1) frR 223034330,

d = k' (1)
K, d WBRIRE  E HEYER £ B RaE,
SR, 241358 A [A) 2B 1 B — g B [A] ) 3208 SO
o IR R A S BB A RO 1k 1Y

a Fe Al

(c) the aluminized AISI steel after 24 h
A

A -

Intensity / a.u.

A A A A A i : i
I . ( )_tthe aluminized AISI steel after 12 h

) the aluminized AISi steiel Vafteirié 117

30 40 50 60 70 80
26/(°)
(a) XRD graphs: Aluminized 6 h, 12 h and 24 h

Epoxy

AISIEHIR0 steel

S0 o

(b) cross-sectional graph: Aluminized 24 h*

B3 AISI 4130 )75 500 CIBHS Y XRD FI% 2 Humi
Fig.3 XRD and cross-sectional graphs of the aluminized layer of

AISI 4130 steel at 500 °C



5534 G MR R @B R B R RS MOT R Y BOMLER B S 29

R RO B AR K vT R 2 B AR T ) BRG
MR ATBMIERE R E TR, a0 —JrE
Al RESE 4 IR Ak & A AR O AL R F A8 8o — 2
I REASVE L, o5 — 7 RS ARt 25— 3843 1) TH A
FER M Cl B P B sl /b 31— 7 13 Rl B 8
BRIV TC IR RS AT

1.3 347

BERFIVTE TG A AR UR AN A =5 A
RALHB AL 22 RN SR 28 o1& AR i b
PR NS 2 A S A AR SE , 2% 2 51
TARBR A LEAR R LA B R0 T TR B 2
A, AR 2 Al 2SI ALCL, B B2
M Fe,, Al FHHF AL ; 24 15 1L 5770 20 B J& AIF, FII NaF
F, B2 WA 34 2 FeAl Al AIF, ; 241546 5] 4 NaCl
i, B2 T8 i FeAl AHZH N, KE 250748 R F
TP EUN 2% NH,CL AR 36 AR X P92 M #4718
BRIRISRGIB 208 NijAL; I 24 2R H 2% AICL, 1R R i
AT, 55 B8 2 VB )2 8 BE 7 1) AR B AR IR
J& Ni,Al, NiAl 1 Ni Al £,

BRI LA AN, G R [R] 252 s 2 1)
YIRSy, BATES %50 % BUR FH Al A4S B 7 by 4R IR
X1 BT B4R, A A8 2 2 Fe, Al A1, TR
FH Cr=25ALfERARIE, B )2 F2IE H Fe, Al AHAI

|

T 60
E 50
2]
< 40
<
Q
10
0 ! L L L
0 10 20 30 40
Distance / pum

(a) 99.99%

x2 AREFELFIHESENTE 650 CREMK
E11E;548 8 h Ky 4E >
Table 2 Phases of pack aluminizing of low alloy steel with
different activators at 650 °C for 8 h

Activator  Weight gain/( mg/cm®) Major phase in surface layer
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Fig.4 Layer formed by aluminizing with aluminizing agents of different aluminum content in low carbon steel

HE BRI INA AL G S8R, 3B HE
YA tE—E 0, WANG %8 BF5E T H Y,0, 1
B 20% Al,O, fESLFR X 309 ANEENAE 700 C L
THE B, RIA R BE R FeyAly o, 1ZAH S
Fe, Al AH L EAT S S 48 & ik, /i R R 2 A TR
et T3 Y & 4=, HUTTUNEN-SAARIVIRTA
SRS R PN A Bi,C, % P91 #97E 715 CIRET
MAREIB S, RIS HB 2 H FeAls, FeAl, FeCr, Fl

AIN 3X 4 FRAHLL AL, AR RS BR9E T e
TN 0K CeO, XF HI3 BLEANB 2 M50 | % P
KU CeO, B} B2 EZH Fe,Aly,FeAl fil FeAl, fH
AR, B2 BIEREL N 50 wm; A 0.7% Ce0, J5i, 15
ERMEHILT AL Ce fLEYIAHIF AlyCeFe, #1832
RURFEN 230 um, (224 CeO, BMEKT 1%, MICE
WL BB 2 . SR, KBRS K EAE B
B FL A7 5885 (5% ~30% ) 15 55 W0 Ay ML A



30 b =B X @ L E

2021 4F

IPEER AL, FEON Fe, Al M, [ B2 IS B B BEE
A SRy S AR 370 wm JEZ0E] T 245 wm,

CEAORFE  BEAINNE Z A LUR TG A |
BRIE TIN5 3 A LR AR TS AR 2 R R
1 AL -SSP HOE PR s AR PEE T YA Fh
RN RE U IR AR S RS A A [R] , AT A4 5l
VRG], P, XA R R R EFF R AR N,
MELL LB R T

2 RERE

2.1 fHEEE
BER R DKL BE X2 2 B A s, MRS

AICL Al

2]

@
[Al] \

AICL+2AI=3AICI
Substrate 2
3AICI=2[Al]+AICI,

iRy, HAR T 22 50 BN 14 v, S BOB RN 9% 55
FEa PR B ETRRT T 2 8 R AR B R A4 (n
TEALF AN AE ) X5 8 B0 B9 2% TH0ORLRS B2 Y 52
DONG 2 58 TG b5 & = XF 316 L AR5 £
T RELRE BE () 52 M, B 30 ALCL, &5 oK 3%, T
PEAR R B/ AN RE 4 7 5 A R,
BRI AL W B ARk Seilb AT B R R
T2 T S B ST AL CRLRE E 7 4. 007 wm ) 17
BRI AICL, F i8N 5%, M 3R ST N 2k
S ISR R T2, N2 AS e ¥ 5 B 4
JZ(RIAHRERE N 2. 814 um) , BRI FEEANA 5
Fis .

3% AICI,

5% AICI,

Bl 5 ORI A i AR o5 2 3 AT HLRE JRE 3 s R el

Fig. 5 Influence of activators with different contents on the surface roughness of aluminized layer
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Table 3 Influence of different additives on the microstructure and surface hardness of the Aluminizing layer

Type of element Content( % ) Phase Hardness/HV Aluminizing layer states Reference
Al 35 FeAl 500 Closely combined with the substrate, 2 SHI et al. [3"
times hardness of substrate
10720 Fe; Al 370 -
0 Fe; Al Fe, Al 500 About 2 - 3 times hardness of the AHMADI et al. [32!
substrate steel
Y 3 FesAl, Fe,Aly, AlY, 1 000 Higher resistance to scratch failure than
Y, Al Y-free aluminized surface, 3 -4 times
hardness of the substrate steel
0 Fe,Aly \FeAl, FeAl 700 Approximately 2 times hardness of the DENG et al. -
substrate steel
Ce02 0.7 Fe,Aly | FeAl, | FeAl, Ce 850 Closely combined with the substrate,
Al; .Ce Alg Fe, clearly and neatly boundary
0.7~1.0 - <700 -
3~5 Fe;Al FeAl 790 More than 1.7 times hardness of free- ]I et al. [3%)
RE ER aluminized surface, smoother
surface
>5 - <790 -

2.3 HREMA

MA ZEPUHESE T M400 #I7E 900 °C 345 4 h Ja
BERmBOPUEERE, SREWH, BENHREN
Ni, Al, A, #6000 H AR 45 R 714 (-360+25) MPa,
AIMTIA R BR A FE R AT 6638 ) AR 4 I8 D7 A T

RIRGZ 15 )2 B[R] , 24 % BUAR TR 2 AR 2
() R AT AR A 4y 2 2L X R BTB R 2 0 R
GEFRAN JIASEBAT G S, 7T LAGE 4 HE 28 957 57 24 2
#i4 . HAN 4515 R BB 85 A58 A3 N 77 7T LA i
T 2% FEXT K403 BIAE 950 C &4 3 h 5, H X
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SRR T 4 B AR 3R 2% T A AR 29 50 MPa
FRLRE ST 5 T AEXT K403 B 285 18 40 I 354 7 i AL 5
b, K302 2 th AR 7 26 e K29 600 MPa 11 7R i
1. SCHER[ 56 158 1 WA IR BE (400 ~ 700 °C) XF A
BWRMB IR/ 20, BAIWRIZFRAR N 1150,
RINFR AN T3 ¥R e 7, e RAE IR B )=
Khan 2577 RBUS A & ELRIRZET a-ALO, 415
FERAR IV T A7 1N 86 BE N T3 [ R (—45£27)
MPa F| (-422+24) MPa, 58T, 40 S 3K
B, B i R R S o] RE S BURZ SR 8 IR E N
PR AR R BRI ZTTIE RS, 76 RE R
JENE 30T LAASE2 23 77 A 3] Y SR 0 (0 A0t 1) ik /), T LA
SBUR LiR) XS MNP ik 2y

3 BT Fe-Al JURY R

3.1 &0 Fe-Al TEY #MEZE

MR BRI R Fe-Al TR BB A4 H
ANBYBE, B2, W AR R T TR AR SR 4 TR i e Tl
I BRI ASR S R Y R T R R )2 24 R
EWE, BRI E 2 K5, G PR AR i1 dk 2k
TUBURIIMZ I, 9 A B 196 1 0 D 7 76 L T 1) A
SR ERE, R, A 4 8 1k Rl B4 2
P, T B 2 WA & R AR g 2R
JECS AR R B E TS A A LA &
AW P RRe L R OIS BE 3R, M3 BR 2L
WS TRER IR B R i R K B2
JEEE A, [F] B8 B A & R A s, R, Fe-
Al JTTEY B EE i HOMOE e Y SR BeE i
XUEHR 55 80 2 S 80 (AR B B R g3 4 )
AKX,

(1) ¥ B 6E. GOWARD H1 BOONE ' 5
THRILBA B AP B, 75 AT DS B AR
PRI TE M SR AR R T O BOE RE RNV T
fRBERIR 2 AR ST PEED N B g
S R R TEIX 2R, AR 5T R e N
TR Y Bz P TR gY . PR AR EF SR B
R AR, AL JEF M Fe T BIAH B BT A Fick
SEARELOS) BRI, R AR S RE RO, AR Bk
JC R B P B BE 7 B 53R, KOBAYASHI'™ A
BOUAYAD ' MRIEA (2) HE T Fe, Al FeAl,
FeAl FOP BUMTGAE , 75 ) Fe, Al A AGY HUS AE B
AN, I R FE D Fe, ALy MR RRSEE R,

X = Koexp( - R%) "’ (2)

P X NBIRIEE K, ARG R TR

T RBERIREE ; Q Y BOIERE ;¢ BT,

YENER "' &3 Fe-Cr-Ni &4 7E 550 ~ 650 °C &
B2 h J5 5 2R R TSN 0 um 3 i #)
15 pm, M B2 Al Fe, #H, 0 Hril B4R
PRI, A S S SR Fe ST 575 AL R FH
HY L, SON 257 & BB &, 45 ) AISI
4130 HTE 500~700 CEHIGEZEH HA Fe, Al A,
BOEH LR TR N ASREIS 45 Fe AL T2 41E
SR Y BE B 0 LA i Feg AL, FeAl 25 H:Ath 4 41,
FARHAD %% % HH309 A5 HI7E 900 ~ 1050 C &
WIETRE T & A Fe,Al,+FeAl, #IF FeAl MR E &
B2 AN TEIZR B G N, B IR B T 5, Fe, Al +
FeAl, HHABHE AT T B 2 A 1 JF 0] HA 0T 2 80 fg
(1) FeAl AHAEAE , B2 TR RSB AR o A2 P s
Fe Al TR HH FEHE

BRI RIS AR DL G I b s in ) 2
XY RE AT S, XTANG 462 X 1 T AlC,
AIF, NaCl Fll NaF X 4 i £b 770 X i A9 fy R f 1
BT BOR TG RE M E ), 45 R R AlCL, HA
UF R ARRE T, FEREAR IS J2 W0 AR () 0 RE SR 2
BRI 3 45, 30D W TAEB R
A 4% CeO, JGXF 40Cr FB 5L 72 v B0 RE Y
o, T CeO, 5 T ME Al I 1Y K0 a8
TR HTEPE AL 7 A i B 129 4.3 kJ/mol fig
T, MU 2R L FeAl T Fe Al ML T B ZHE &,
ROBERTO %' %54l & SR UL 4, 45 Hh 7E P91
BEBFRITINA Cr TER, vl LIS 8 2 A 3 =ik
RERY FeAl A1, X #5 BGE TR £C K La Xt
20 B R YOS RE A W, TR B
A 0. 5% La, AR HOSIE REFEAK T 4.5~
7.8 kJ/mol, MOBIN % iR S T B HI A CeO,
of La,0, J& , BR47E 800 CC B4R 1 h ik s 255 2
Y BRI RE, 45 R R, 5 R I AR A JTCE A
BLOBHFIHRIIA 1.5% CeO, 5, ¥ B IS REREIR T
143. 6 kJ/mol; 241 A 1.5% La,0, &, ¥ 8IS fE
BOMFEMR T 122.6 kJ/mol, XK A 4 7142
K, B R B SRR - s 7 AR AR T LA
W EHEK Fe AR h ¢ Bl i) (4725 67 S Fia 400, A
AN M AL S22 7 1) b SEUIRRE 4 8, BEAIG
TV ERE

(P BRE VR T BRI
Fe Al JRF 4 HOE R, 7T LAAS BY T g i3 o f
TR Y B, X T4 8RB 5%, 38 5 2 R H
Arrhenius 77, HOr =N
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D:Doexp(—l%) (3)

XA, D YRS D, MHEFRECRE K Q Y R
TEE; R AR HEEG T MBMIRE,

MIZAZTTFE 3710 B8 2B iR 5 A
PROEE BE Q, YRS B F R TS O A
PR AT 0T R A A — R B PR
D SIRE T 16 R MRMNTE B A, PR B iR
BT s i WEL VAR T B A 4B
BRI R P IEAS RS AR TR T (850 °C L1950 °C I
1050 °C) B H. P HU R KL, LB S5 R T Wk R
50%IF , 9B ZR B b 2 55 I BE 19 TH i3 K. Pazy
SEUVRR BRI BSR4 A 825 ~1 100 °C X Cr
WB)a , B2 BT s A & Ak
A ERYHR B R R N 1.6 1070 384 i £
9.2x107°m*/s, ZEICH AT Q235 BiE B
JEH AR EE 43 AT 26 Fe-Al B9 HUR B0 & 21,
AR — I, BRAR R A B R A I R AR
f£(800~900 °C) 3 T — 42k .

BRI R RO E BN R 224, B
FIBIRL A ( F 2R & 5 iR X A %
M, AR B B B R WS 2 AR B TR, Zha
SRS T 5 AR B K AL B AR 7E 980 °C
JE B K 30 min, A Wagner TR A TR
PEUCRE, K I IR B A S U B S B S D
I CHERURBE R 28% B, BT E R Bl oK, AN
FI 2R HEAR B TP, TRIPATHI 257 7R B 485
HFAIA 1. 5% ~2%1) Mn, % 38 Mn B9 7716 AR T 45
T [ VA AR P 1R s g DA T 8000800 6 7 1 4 g ) Ak
HYR AR YRR ECH B AR, HAMID
LR T HIT A CeO, X 80 45 4N Ky A AL,
WBHGB 2R, 45 R KW, Ce BT HIAFEN
Hh ) J2 R AR AL A AR AR R J2 IR st A8 A A
BRI T MY B AR, SR CeO, 1R 28K
FER L, B BCR B

LEAT S, BRI Fe-Al JLE P B
FEREER, FIRTT LB R S A 5 2 i Re
I, A I BRSO B I T mT 4G K, Fe AL T
(TR ZE T K B 2R BE AR N 3G A, 4R
T, A o 2 B A Sk e A B R AL, 285 1
U IR SR 42 e A T2 i, (AR A S 1A
Lo AR B UKL AL, 5 B0 A I A ) 25 M e B R
K7 B 25 3 Sl AR B R B T, AR AR IE TS
P ALJEFHA YRR 8RB R B AR 5
WOERE Q, I ITTZE AR X A AR A I B T A5 2 & Fls 2

RO R e wbTve T DR AN e SN S e
R R (0 T PR 0 T T HICREL T AR AR R T R
TP P g P SO AR, R L, s R
TCR RIS 52 Fe-Al JCR P HUAE J1 427
A R
3.2 Fe-Al TR EHLFI D

B Fe-Al TRV HUR T M A H#, H
AR TS T A3 L R0 R A R 5 R B A ST A
HAA HETTAE Y Fe-Al & 42)2 ., B 2RI F
BB T EY R D« A%, LI H
Darken 7‘7;‘;%*1%(791

D" = (we Dy + 23D e (4)

KR, D NEYBERE, D, 1D, A Fe Al LT
HY BERE, xp, Flx,, K Fe Al JETHYFREL, o
A2 H T M Darken HHEFTLIEH 2 H "
B R A BN R 2 Fe Al JE 1B R0 E0ORIE
SEIRF B Fe AL JE T FIIRE 10 B A BF 58 UE
BF 0 R 8 0T 4™ HICZR 0 5 i) B ek T 5 i
—ABEEYY  H B P Y R
BRER DR 1k B 22 (T 34ag ) R AL

DONG % %f 316 L REHNTE 680 CHBG &
BB ITE PR AR I R DR ok B 22 B K, b2
PRe I, B ETEB B RE A K Fe, Al A, b5 2k
BRI BE 22 & A AR Ak oAb AR R AR A, B T
NGRS T VS 2R 7 ] A ) AR
FeAl, Fe,Al; \FeAl Fe, Al #HZ5H) IR 2, HAk 48 R
FHY BUERANE 6 Fiw, ZAREL % % 35 7
H AL TEE R IB AR B Ak B R ) ik R IR
AR SCHE IR R AL S B A B T s
B (EUEHXT HH309 AEHB 405 KBS N
Mn Fl C A7 7E 1T LA B RS B EG A% ) 2k 25 1A 5 72
B SRIZIB AR AR T AR R 1 A B BB AR i, (H 2
HAHOREAR /N, 5 A FeAl 4, PEREZ 258
SR BRI P 0 IR T S R R T e
TE R E A BAEB BRI B B A bl T
SR) N 0 A N e R e e - NI ) = el S
FRAR 2] & BRAHEL AR . N Fe, ALy AHTE 700 C IR JE
TRAF AL H G B 2 540N Fe, Al FeAl 1 Fe
(Al)#, SOMRERK %% %} FC25 #4483 i fevh
WRMEBIE 751050 CB4E 7 h o firh F 82
IR T 3aem , BY BREUR  E R B 2
JERE 7 1) AN NI I Fe, Al FeAl, I FeAl #H , fifi
JEAE 850 CHUbF S B RIS REREAIL, 4k
FAREF 15 Fe,Al, 1 FeAl, 1 09458 5 F #1759
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AICL Al

[Al]

AICI(g)+Al(s)—AICI(g)+AICI (g)
3AICI(g)—2[Al]+AIC](g)
3AICL(g)—[Al]+2AICL(g)

Substrate

3Fe+[Al]
—Fe,Al

—_—

AN
Fe, Al FeAl Fe,Al; FeAl,

7NN
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3

2Fe+S[Al]
—Fe Al

1
Fe Al

Fe Al+[Al]
—2FeAl,

Fe,Al+3Fe
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t X
FeAl FeAl; FeAl,

K6 316L AEMB R IR BE 2

Fig. 6 Schematic diagram of 316L stainless steel infiltration layer formation model

B, I ZIE L — 1 FeAl #H,

AT, BB T Fe-Al TRY B EE R
PURAR R 1 A2 A Be i 3K 3l 7, (B 4 B R B bl
s AT G N TRA S W N G LEOE 7R I 52
T aem , BY BRBIR KA, 7 Fe-Al & 42
RIS 50 FeAl, Fl Fe, Al 9 Fh &g 55 4H
Bl 50 R AR B, R B 22 0 )N fb 2 e R
%, B3 BOH AR, Fe-Al &4 21L&+
BN FeAl Fl FeAl, #H

4 BRZEE R R A

HTBHIL T Fe-Al JTRY HMLEL, X545
BB AR AT Oy AT DT ] AL g0 i A X
BERIBFI AL TR a B, NAJT 2557 3L F Fick
S AT TR IR B RN 8 R R X2
YRR 2 VR S T A R T8 R TR RS 7Y | SR FH i
RIXT AISI 321 #M AR B A IR 27 5k, & B
T2 2R S V) & R AF (B RR
Y 8RBT AETH S BT S PR B SR IS X AP —
SERIRZE, RONG 255 I 260 O ik #Er T
— PRS2 e KA K R NS 2T 2 R A
R AR IS 2 R K AR K TR S A7 Sy AT
Fithil, 5ET Fick 55 @ HEUTR 9 HOR BOM ¢
BRI X5 R W)y s 7 B T ANIB 4R T2 (B ]
TR ) 5l . RONG %5t Q235 B ik 5
M AR AT T % L, 45 R, T2 )2 JE B IR

RIB R IR ZEY/INT 10 wm,, SR, 12 7 DU A%
U R I T A A, 55 AN BB RS 0 L T 2
EOEE ) . GARIBOLDI %% 3£ F Fick 4 — &
AR T —FAR 595 55 i ) T 95 )2 TR B ) — F
B A E AL T Fick 85 T E AR P K
WeBETTRE, R v B R G B, A 38 N HRE IH
SRS ) 225 T DA et ) 2 SR B T B B =
(] P A i, i () BB A =X AR 1, ) 25
KA —AAIAER 15 R, TR B AR 17
5 5E fo /NI ] A 23 JA] 25K . GARIBOLDI %o 4 48 3
TR, 45 R R T 500 25 1w & R 4T,
XA AR 1 BP 48 9 25 4 T TR
B[R] P B R S B i 4 NI X Q235
PURBERANB RIEE W, kL5 45 R 5 T
W25 5% iy 2 A 5 — 350, 7 5% 22 70 1 P K 8
A {H R A T A S Y SRR AR B XA ) A9 B
BRSO LAl 50 B 7 oK A K, Rt L
A 1 e R

gi b, BRI ioT F B s — e i AR TR
TR BP P ML AT TR R B
TR X 2 R Tl R ASF [v] 25 B o S 0
FEA—FE AT B s F 2R PR ZEE |,
DLSE R SEht  VEE 45 T 124 R 1k SCHk v 4 i A
B R 4, R AICEERTH, BET
SBET B R R Y TR R g 32 B 4
WIAS RS, FIA8, 10X T8 2 Y0 1 0 5 B
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TEV B2 IR OCR 195 &, NI R R A K

BRIy HE— 2B

x4 SHEMSHERE

Table 4 Aluminizing model of aluminized steel

Modeling . Main control Prediction Error o .
L. Main formulas Model application conditions
principle parameters target range
=D Interfaces  between  coating
) aC; layers and between coating
multicomponent o = Concentration
t

layers and substrate should exist

representation  of ) Temperature and phase *5wt%
) (o~ y nmlog o~ 9% 4w\ 9C planar  nature  for  one-
Fick-Onsager Dj— —D Il — profiles
%) = d i1 9C, dx ox dimensional modelling, instead
law*
of serrate or interlaced states.
Relationship ~ between the
Box-Behnken Al wt%, Ni response and factors should be
approach response Y, &Y, = a,A + a,N + a3T + a,N* + a5 T wt% , Thickness +20 wm nonlinear and response surface
surface method!®”’ Temperature method design must be used to
determine quadratic terms.
The aluminizing duration should
Fick’ s first law of da Time/ be enough to ignore the growth
j=-D— Thickness +15 wm
diffusion 7! ox Temperature of coating at additional heating
and cooling process.
Fick’ s second law Diffusion rate of Al atoms into
applied with DAt substrate should be far greater
. Z(CIHI -2C0+C)) = Cﬁ” -C Temperature Thickness +5 pm
explicit Euler (Ax) than that of atoms existed in
method 58! substrate outwards.
Factors affecting the thickness
BP neural , Temperature/
. X=X, — X))/ (Xpax = Xiwin) ) Thickness +7 wm  of coatings should not be linear
network ] time
dependent.
o, Aluminizing process should be
Fick’s aC 9 aC Time/
— =Dy —) Al wt% +8wt%  characterized as semi-infinite
second law * a dx 0x temperature
and volume diffusion.
Fick’ s aC Q ) Substrate materials with
— = Dyexp(- =) V°C Time Thickness +20 pwm
second law' ™ ot RT multiphases should be selected.
— N =] S ST &b
5 43 PR, ey 5] 25 5 T2 2 RSB ASIE RE T, AT
e

B LA R R PR MITER Y
A& BET N, R X T BT ZS B
PERERI RN A KR RS, (B TB R T LS
A2 P EB R R 2 AR, TR B AN [ AY
FRITERE . PRI 8 AR AL 58 5 i B 5 LR S Ak
SRR AR EE

(D EITRCHIUEIIXN B 2 A RIFEH,
B8 L OCRAEA R B B IR R A I B AN, 59K
i S R T B4 oh, HATRATTE K%
PABS IR —IT 2O 3, M5 T8 50 vh s i wi e el 2
MEGICRM BB A TP RAE

(2) T AR, 538 FR A R 5208 55 1
A, RS S RS RN R RE A S —
AITE O, S BOS R SL T TT 2L, FEARPRL A9 57 TERE

1o SRR IR A 5 i, A 15 T e SR A T 2 T 24 2K
AR .

(3) BAEEY R I KT L) ek A A% S 1) 1 i
AR, BB IRAS TR B, 1 AITOC T2 AR R B Tl 3 22
PRS2 IR T5 1, G T8 2 WM 451 oA
PAKOUER & I B 4 S 80, Rl 2 255 % IR iR
JE N BRI SN RN BRI E D, fEEH
AEPESE R LS AR A A T T Tl
A7 R A R AR S SRS A — D5 1]

2 % X #
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