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Evaluation properties of diffusion layers prepared on hot dip

aluminizing steel plates prepared by heat treatment

Ue-Bong, Choi

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract

Recently the demand for reliable materials which have wear and oxidation
resistance as well as corrosion resistance is increasing in industries. Thus,
effective methods such as nitriding, chromizing and boronizing are already
developed and widely applied to automotive and shipbuilding industries.

Hot dip aluminizing with hot dip galvanizing is broadly utilized to
improve corrosion resistance of various steel materials. In case of hot dip
aluminizing steel, Fe-Al intermetallic compound layer on the boundary
between aluminum and steel exists and it has relatively high hardness and
oxidation resistance. The Fe-Al intermetallic compound layer can be grown
by diffusion treatment. Therefore, wear and oxidation resistance obtained by
diffusion treatment is expecting and studying recently.

On the other hand, degree of growth of the Fe-Al intermetallic compound
layer may decrease fracture and corrosion resistance. Thus, it is necessary to

develop optimized design for diffusion.



In this study, type 1-hot dip aluminizing(Al + 5% Si) and type 2-hot
dip aluminizing(pure Al) were chosen to diffusion treatment. The two kinds
of hot dip aluminizing steel were immersed in flux(KCl, NaCl, F) at
temperature range 700C and 720C for 10, 20 and 40 minutes. After that
their morphology, intermetallic compound and depth composition of
compound layers were investigated by scanning electron microscope(SEM),
X-ray diffraction(XRD) and energy dispersive X-ray spectroscopy(EDX) respectively.
In addition, the influence of diffusion treatment of hot dip aluminizing on
mechanical property and corrosion resistance was evaluated by micro-vickers
hardness test, immersion test in 3% NaCl solution and salt spray test.

From the result, FeAls was mainly formed on the surface of
diffusion-treated specimens and grown according to increasing temperature
and time of diffusion treatment. Hardness of surface layer was increased to
maximum 1000 HV after diffusion treatment. This may be thought Fe:Als
which has high hardness(1000 HV) affects the hardness of surface layer.

In evaluation by corrosion resistance test, type 1 hot dip aluminizing(Al +
5% 6Si) diffusion-treated at 700C for 10 minutes showed good corrosion
resistance due to residual aluminum on the surface.

Consequently, diffusion-treated hot dip aluminizing is effective method to
improve wear, oxidation and corrosion resistance. Due to limited test
condition, optimized design was not suggested in this study. For that
reason, it is considered that further study is necessary with various
process condition such as metal element additive and diffusion treatment

condition.
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Table 2.1 Physical properties of Al

. Degree of purity of Al (%)
Properties 99.9960 > 99.0000
Specific gravity 2.6989 2.7100
Melting point () 660.2000 653~657.0000
Specific heat (cal/gC) 0.2226 0.2297
Latent heat (cal/gC) 96.4000 93.0000
Electrical
conductivity 69.9400 59.0000
(% for Cu)

Crystal structure FCC
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— Mild steel plate at 700°C
A Mild steel plate at 600°C

100+
T~ Mild steel plate at 500°C

50+

HDA steel plate at 700°C
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Weight gain through oxidation(g/m?)
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Fig. 2.2 Weight gain through oxidation of hot dip aluminizing steel plate

compared with mild steel at elevated temperatures
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Table 2.3 Salt spray(5% NaCl) test of hot dip aluminizing and hot dip

galvanizing
Materials Hours of gathering rust(Hg)
Hot dip aluminizing(Al) 630
Hot dip galvanizing(Zn) 105

Table 2.4 Corrosion comparison test of sea water and spring water

Materials Spring water Sea water
Hot dip aluminizing(Al) 0.16 0.08
Hot dip galvanizing(Zn) 1.16 1.29
Carbon_steel 6.60 8.50

% Period of test : 1 month (mg/cm?)
23 ¢ ¢FvE =449 A+

FE7E A FollA L FoF dATE o]Fste HAE LS G4t
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Table 2.5 Crystal structures and stablilty range of the phases formed in

Fe-Al binary system at room temperature

rystal ili Densi

Phases gtrﬁscttire ?étl?lze(ta};. %) (l\slgsrglm')
Fe solid solution BCC 0-45 7.80
v-Fe FCC 0-1.3 7.80
FeAl(32) BCC (order) 23-55 5.58
FesAl(31) Do3 23-34 6.72
Fe,Als(e) Cubic (complex)|  58-65 -
FeAl(©) Triclinic 66-66.9 -
FeyAls(n) Orthorhombic 70-73 411
FeAl3(0) Monoclinic 74.5-76.5 3.90
Al soild solution FCC 99.98-100 2.69

Table 2.6 Phase reactions in Fe-Al phase diagram

Reaction Reaction .
Reaction comEosition Temperature Reaction
@@t. % Al) | (C) type
aFe < FeAl 45.0 1310 Critical
L + FeAl < Fe)Als 52.0 1232 Peritectic
L < Fe)Als + Fe)Als 70.5 1165 Eutectic
L < Fe)Als + FeAls 72.0 1160 Unknown
L < FeAl; + Al 76.6 655 Eutectic
Fe,Al; + FexAls < FeAl» 70.0 1156 Peritectoid
Fe,Al; < FeAl + FeAl, 55.0 1102 Eutectoid
L < Fe)Als 71.0 1169 Congruent
aFe <« FeAl 23.9 662 Tricritical
FeAl — Fe;Al 26.5 552 Critical
L < GFe 0.0 1538 Melting
L « Al 100.0 660 Melting
&Fe < vyFe 0.0 1394 Allotropic
vFe — aFe 0.0 912 Allotropic
Metastable phase 85.7 653 Eutectic
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Corrosion : () Separation of atoms from metal surface
(® Reaction with environmental factors

To be Corroded

Atoms must be separated

l

Jonization

(at metal ion and free electron)

l

Differential potential

(because of internal or external inequality)

l

| Movement of free electrons |

l

| Formation of corrosion cell |

l

| Corrosion current |

|

Separation of atoms from metal surface

(Quantity of separation is relate to their equivalent)

(---Faraday’s law)

|

Corrosion

Fig. 2.4 Processes of corrosion
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electrolyte
 Ta
@ ion @
oxidation reduction
Al—> AP’ + 3¢ 0, + 2,0 + 4e —
100 ~ ~ & I
anode ‘ cathode .
free electron v
_____=e®€
\ S
current
metal

Fig. 2.5 Schematic diagram of corrosion reaction
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Fig. 2.6 Anodic and cathodic reactions of steel in electrolyte
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E, Volts(vs. SHE)
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Fig. 317} Table 3.1¢] epd nio} o], & AF oA ALEE AFHL W3t
P AZTHSPCC : JIS G3141)S & LFuH(Al - 99.99%) 2 Si 5% H71E &
¥ EFuEsel 44 JAH A =53 Fo FY (KA, NaCl)E ©]-&35}
<= o A W we) g4k Agste] AlFE A

l

1. Cleaning 2. Pre-heating 3. Hot dip aluminizing 4, Diffusion heat treatment by flux 5. Diffusion heat
(Type 1: AF5%Si) (Flux: KCI + NaCl) MiERted SHECnED
(Type 2: Pure Al (Temp.:700, 720°C)

Fig. 3.1 Schematic diagram of diffusion-treatment for hot dip aluminizing

Table 3.1 Preparation condition of specimens

Diffusion heat treatment condition
Substrate metal H.D.A type Temp.| Time |[Temp.| Time
SPCC Type 1 (Al-5%Si) 10 minutes 10 minutes
700C |20 minutes| 720TC |20 minutes
(Spec. : JIS G3141) Type 2 (Pure Al) 40 minutes 40 minutes
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Fig. 3.3 Photograph of scanning electron microscope apparatus
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Fig. 3.4 Photograph of X-ray diffraction apparatus
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Fig. 3.6 Cross-sectional SEM image and depth profiles of major elements in

hot dip aluminizing
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Fig. 4.1 Photographs of diffusion-treated hot dip aluminizing specimens
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Fig. 4.2 Macro-photographs of diffusion-treated hot dip aluminizing specimens
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Fes0, Pure Al + 700°C / 4Q minutes
Fe,Alg
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Diffraction angle 2theta(deg.)

Fig. 4.4 X-ray diffraction patterns for top surface of hot dip aluminizing by

diffusion-treated at 700°C for 10, 20 and 40 minutes
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Fig. 4.5 X-ray diffraction patterns for top surface of hot dip aluminizing by

diffusion-treated at 720°C for 10, 20 and 40 minutes
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Fig. 46 X-ray diffraction patterns for top surface of hot dip aluminizing(+5% Si) by

diffusion-treated at 700C for 10, 20 and 40 minutes
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Fig. 4.7 X-ray diffraction patterns for top surface of hot dip aluminizing(+5% Si) by

diffusion-treated at 720C for 10, 20 and 40 minutes
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Fig. 4.8

Cross section micrographs of diffusion-treated hot dip aluminizing specimens
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Fig. 49 Micrograph of measuring image for intermetallic compound layer thickness.
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Fig. 410 Relationship between thickness of intermetallic compound layers and diffusion treatment time
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Fig. 414 Cross-sectional SEM image and depth profiles of major elements

in diffusion-treated hot dip aluminizing(Pure Al + 700°C /40 minutes)

T T T T T T L T : T LS T T L T
/.—Q—Q%Fe 1
L]
=
l"“-'\./._.(--—f-‘-k_.‘— ]
RSP L PRI
J ]
1 -
i 10 \ 4
B A g
- T T T T T T T T T T T T
zoum o 20 0 a0 30 100 120 140 180 180 200 220
o] Distance from surface(micron)
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Fig. 425 Cross-sectional micrographs for hardness testing of diffusion-treated hot dip aluminizing specimens
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aluminizing(Pure Al)
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Fig. 427 Cross-sectional micrograph and hardness profile of hot dip

aluminizing(Pure Al + 7007 /10 minutes)
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Fig. 429 Cross-sectional micrograph and hardness profile of hot dip
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Fig. 430 Cross-sectional micrograph and hardness profile of hot dip
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Fig. 431 Cross-sectional micrograph and hardness profile of hot dip

aluminizing(Pure Al + 7207 /20 minutes)
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Fig. 4.33 Cross-sectional micrograph and hardness profile of hot dip
aluminizing(Al-5%S5i)
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Fig. 4.35 Cross-sectional micrograph and hardness profile of hot dip

aluminizing(Al-5%Si + 700°C /20 minutes)
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Fig. 4.37 Cross-sectional micrograph and hardness profile of hot dip
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Fig. 440 Natural potential of specimens(pure Al + 700°C) measured in 3%NaCl solution
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