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= X

ﬁ E'” OJ a'” ﬁ 9—' _i_ -;er(CIassification of Stainless steels)

@A Eﬂ Lf O| E% SU59—| i %' §P(Surface Hardening of Austenitic
Grades)

=24 &' (Microstructure)
%%HI E(Fatigue strength)

LHOI2 & (Abrasive wear)

LH &) A (Corrosion resistance)
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AHIQdAZ

Bl O5E% 12%0|4, HEE AN 2ol Ot = UstE JFEsI=
A= 2| S0| M2 LI Ch.(From a chromium content of >12%, dissolved in
the matrix, formed an chemical stable chrome-oxide layer.)

B 220 12%0|42 IS0 ULHU A L0| AELICH(Steel with>12%
Chrome applied as corrosion resistance)

Loss of matery g / cm?2
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Dl 3=2X&E Soll = AHdAZS 2F
Categories of stainless steel, based on their microstructure

QAE‘" L|'O| = (austenlte) : ll'|| E}OI E (ferrlte)
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SAHILIOIEA A A EF

(Examples of austenitic stainless steel types)

Basis Description by Norm EN 10088 AISI examples applications
Wst.-Nr. Name - DIN
18% Chrome, 1.4301 X 5CrNi 18 10 304 Household apparatus machine-
8-12% Nickel 1.4303 X4 CrNi 18 12 305 and fill in industries, pipeline
1.4306 X 2CrNi 19 11 304L equipment, electrical, steer
1.4541 X 6 CrNiTi 18 10 321 components, Automotive
industries
17% Chrome, 1.4401 X 5CrNiMo 17 12 2 316 Food-, chemistry industries,
12-14% Nickel, 1.4404 X 2 CrNiMo 17 12 2 316L pharmacy-, Medical- and,
2-4% 1.4435 X 2 CrNiMo 18 14 3 316L environment techniques
Molybdenum 1.4571 X 6 CrNiMoTi 17 12 2 316Ti
<25% Chrome, 1.3952 X 2 CrNiMoN 18 14 3 Oil- and gas industry, chemical
<20% Nickel, 1.4406 X 2 CrNiMoN 17 11 2 316LN industry, Marine
<7% 1.4439 X 2 CrNiMoN 17 13 5 317LMN
Molybdenum, 1.4539 X 1 NiCrMoCu 25 20 5 904L
Nitrogen, copper, | 1.4565 X 2 CrNiMnMoN 25 18 6 5
manganese
22-27% Chrome, | 1.4460 X 3 CrNiMoN 27 5 2 329 Duplex-Steel (austenite-ferrite)
5-7% Nickel, 1.4462 X 2 CrNiMoN 22 5 3 off-shore Industry, marine-,
Nitrogen 1.4507 X 2 CrNiMoCuN 25 6 3 petrochemical-chemical Industry

.odycote
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QAHUOIE AH QA
(Austenitic Stainless Steel)
B X & (Advantages)
E 9f—| O'l '-.;" L|'| /—‘! é;' (Corrosion resistance)
E %::8 o._“g(High toughness)
E %::8 }cd> jé'&"é“é':.(High transformable)
B H| XA (Non-magnetic)

Bl CHA (Disadvantages)
E L|'| Dl‘gém EE%‘ED" ";":"E"(Low wear resistance / surface hardness)
E il Ic£>| Ol Jé" g?_l C|'(Big tent to friction (galling))

E ..C_Z-_rl_u':JE %é’}(Desired completion)
B L0242 &FAF (improve wear resistance)
B =& 9| SF&k(Higher surface hardness)
B X Z X (Avoid galling)

E L|'| A! /<’§|_O_| 7C->rX| (Preserve the good corrosion resistance)
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AHUOIERS EHES

Surface hardening of austenitic grades

.odycote
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HHASO 8o
(Increase in surface hardness)

B QQAHLIOIEA AHQHAL BE SXlI s
(Standard heat treatment of austenitic stainless steel not possible)
B AXO|JE 2 CHNo phase transformation)
HE 0IZ2EIAIOIE XX 2 22| HEHI}L S CH(No change to a martensite structure)

B ZUstE A0 8 J[E T2 HA
(Surface hardening with a thermo chemical diffusion process (Standard process))
HE 25X a|(Nitriding/ Nitrocarburising)
B & Bt (carburising)
B H| & (Critical:
o ZEXCIO 28 I F EtL 20 20l 2FSHXID| 20 EatXel=

= Jl = otCHwith conventional treatments the chromium oxide layer makes a barrier wherewith a
diffusion process is almost not possible.)

o OF0| 23LtI EtAN 2ol =& Etal22 &M K= A0l 2d 232 E2 3H4H0I =04
=Xl 23 XNBEH2=Z WA HO0| Motk e 2atE & Ch.(Because of the combination of
chromium with nitrogen and/or carbon, nitrides or carbides are formed. This can give rise to a

substantial loss of corrosion resistance.) .
o _ odycote
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OF2EFX|Off CHEF LBHRIOl &2 4
( —710:— aH _9' E E A-” ﬁ) Common solution for wear protection

B Coating

SEl(H AN O LE&) Adhesion failure

jl '2‘ Porosity

-

%%‘ U'I g Impact on environment

.odycote
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i %I J_’.I' i!’&i" EI _O—I ‘EI'J:" Coatings vs. Diffusion Treatments

H1 0
Hardness [HV]

1800 T
1600 +
1400 + \ St A 2
1200 —+ Diffusion Treatment
1000 + /
800 +
600 +

400 +
200 T

Layer thickness [um]
S22 =
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IAEIHI0IE(M,3C )2 A0 218t 28 240 A&t
Effect of chromium depletion due to precipitation of chromium
carbides M,;C,

X

£

=

()]

I=

S

i APt [

E 12% Passivity border

o

2L _

O

HOAQS A E2 A0 &2 2L L1 AlIZ2te] 850l 2ol 20| E81E Jts4 0] ULt
OdS 8 S0l 12%0|5t8 B3 WA AHO0| HototH, 0|2 240 L= ZUE

(Because the diffusion of carbon and/or nitrogen in the surface it is possible that there are chromium
secretions, dependent upon temperature and time.
Decease in the chromium content below the 12% range, the alloy will have reduced corrosion resistance.

This results in detrimental intergranular corrosion) .
o _ odycote
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=2H2H01 3
Kolsterising®
B 2QAHUOIES SEAA AHHQYAZS M2 EALK

(Low temperature-diffusion process for austenite en duplex stainless steel)

E %.T’JQE.' X‘l 8i'| a| (Thermo-chemical low temperature process)
B EA2Xte 3 E, é!'ﬁ"(Diﬂ‘usion of carbon)
B 22 X2t I’_g(}g)(lnterstitial solution of carbon atoms)

B =2 2332 &M (Forming of high compressive stresses) ] ] Z
B JSJHI0| EJF & CHNo chromium carbides.) > =
T PS /
u ; E D _/
Bl =X (Purpose) } (=
=y o ﬂ
E EU._:I %' E—O-I @é"(lncrease of the surface hardness) 7 ﬂ
E LH /AI é,' 9_| 3':N'(Improvement of the wear resistance) 40
| Il 5} , . Fe-, Ni-,
B X|Z & X (Avoid galling) Cr-. Mo-
E LH /4! /5' 0" Q.l-gl §>':O| &%(No negative influence on the corrosion resistance) atoms
e S THOl 2/ & (Depending of the base material!)
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Kolsterising 22 (K22)
Kolsterising 33 (K33)

SUS3 16 Conversiontable
1200 HV |HRC
——
1 \ 1200 —
\ 1100 —
1000 1000 —— 70
. \ Kolsterising-22 \ Kolsterising-33 900 ™
) 800 —
§ 800 \ \ 700 —— 60
= 600 —
jus \5 500 — 20
o 400 —— 40
S < 600 100 | 20
] = — 20
E f__U 200 —
- ©
(&)
& Q
:% 0 \ \\
\\ \
200 —_— e
0
0 5 10 15 20 25 30 35 40 45 50
Depth (um)
s BBodycote
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H O 12 FE
Surfacehardness (HV0.05)

1000

(0]
o
o

600

400

200

C IT &
E‘l E',} O | al- E all ﬁ Kolsterising-Duplex
SAF22051£]0'61462) —HRRT VL AR Conversiontable
HV |HRC
1200 —]
1100 —]
Kolsterising-Duplex 1000 —{ 70
900 —
800 —
N 700 —— 60
600 —
s00 — %0
N 0
[— 20
\ 200 —
N
[ S
) 10 15 20 25
Depth (um)
8= BBodycote
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11 ol E ot 2
HHO BASRE
Content of carbon at the surface

20,00%

18,00% == K22
- . mm K33
‘?E 16,00%0 mm K Duplex
g 14,00%
=
= L4 12,00%
o 0
E DrJ 10,00%
o
-
o 1 8,00%
c
£ 6,00%
(@]
O 400%

2,00%

0,00%

0 10 20 30 40 50 60
Diffusion depth in um

% 0]
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SAHCOIEE S4
Characteristics of Kolsterising®

EE%‘E §jf(lncrease surface hardness (ca. 900 - 1200 HVO0,05)

=]
HU
0N
H
1o
0o

“c\:':(Improvement of fatigue strength)

0x

LH &

Ol & Xl (Corrosion resistant diffusion zone)
O

A
HI AFA 2| A EH 5= Kl (Non-Magnetic characteristics are not altered)

o\:l

8t Xl (Reduce the risk of galling)

MoA, A0 AL B S JF @ &S (Colour-, shape- and size stable)

SSEl, 28t S2 20 2Sol &4
(Evenly diffusion zone, also at sharp edges and inside bores and gaps)

.odycote
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1] = =S
(Microstructure)

.odycote
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224H8d0|E X E e LAHUOIE AHQAHAZS X5
(Structure of Kolsterised austenitic stainless steel)

A = . . . .
B A 2= XAOEOZ Z 0ol (carbon is dissolved in the metal matrix)
B =2 0= S0 o8 BHASO| &4

(Increase of surface hardness because of high compressive stresses)

El JHHI0|& R (Z4AH) I 1 S(No formation of carbides)

B UHAHN gkt =XI= %%.(Corrosion resistance will not being influenced.) .Od cote
Kolsterising® is part of the Bodycote Thermal Processing Group y
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Ho| X &
(Surface roughness)

127

Hardiff
Probe 6

- FHK—WP

ZAHO0IE Meld 2AH20/E X2l (24ECH0[E33)

Before Kolsterising® After Kolsterising® 33
Ra: ca. 0,04 ym (Slip lanes due to compressive stress)

Ra: ca. 0,08 um

.odycote
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-
=24E

ctOld S(|)8 e6sd

(Elasticity of the Kolsterising layer)

Kolsterising® is part of the Bodycote Thermal Processing Group

HO0 =2 Fot2 3= AL
AESE(F M)t LA =0 U
=0 2AEC0lEES2 &2 20[X
&=L

FE=E0| 94dEHCo=z HEotl

In this example, a high load impact hit the
surface.

The Kolsterised layer did not break, because it
is integrally joined with the base material.
Nevertheless the base material plastically
deformed. The Kolstersing zone followed the
deformation.

.odycote
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N2 (ARSI

2 0.3 mm (Bores)

SAHCHOIZ 0 2lol JH2S LHEHOIL
AOl0ll= @2 et &4tE0] 2L,

With Kolsterising® there is a uniform diffusion
zone (layer), also inside bores and gaps

ol

.odycote
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=2AHAO0IE Xl S det R4 AR QAL

O, Jl & ) — —

Kolsterised duplex RVS (1.4462)

.&- ‘*"‘JQ. I A T —

WMM
S ——-—._’A-ao ‘ - ‘ . !

.odycote
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d52 520 SAH Qol&H

(Hardness vs. case depth profiles)

v
12 ¢
00 —e— Kolsterisieren 33 /I ’
1000 —8— Kolsterisieren 22 \’ L
i e Bl —
u(\} —a— Kolsterisieren
B I\ Duplex :
o 800 <
v \ \\\ O
2
S 600 <\
(@]
C
x
.E \I\ \K
5 400
::6 %
T
200
0 : - ' '
10 20 30 40 50
Tiefe ym

M& : 2dll, 2= SUS316
Material 1.4404 solution annealed, or 1.4462

.odycote
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SEO0lE (Mel2dd : 24£EH2H01E33)

Examples of hardness profiles for various grades,
Kolsterising® 33 Treatment

1800
\\ 1.4534, PH 13-8 Mo

1600
L \ 1.3980, 1.4944, 1.4980, (AISI 660).
U 1400 -
R \\\/1.4401 (316), 1.4404 (316L), 1.4429 (316LN),
s 1200 < 4435 (316L), 1.4571 (316Ti)
S 1.4301 (304), 1.4305
T 1000 \ N
- N~
4 800 \‘\\\
B 600 = \
o N
g ~N

400 ¥\xx
~_ >

0
0 5 10 15 20 25 30 35 40 45 50
Depth in um(201)

.odycote
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LIZe a2 ZE00E(xcel2d : 2AEHC0IE33)

Examples of hardness profiles of nickel-base alloys, Kolsterising® 33

treatment
1800
1600
ﬁ
H 1400
R0
g
o 1200
o
Z 1000 —
= m \ Inconel 718
w800 ‘ \
2 \ K/ Incoloy 825
©
e 600
({8}
T \ \ \\ Inconel 625
400

N _

Hastelloy C276

/

01
0 5 10 15 20 25 30 35 40 45 50

Depth in pm(20[)

.odycote
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nzzs
Fatigue strength

.odycote
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22, dgZi
Fatigue strength, test

SAH2HOIE X2l H

kolsterised
500
ﬁ
ar
0l0 Ol X el
E 400 Untreated
=
£
a
o
S 300 |

|
104 105 106 107
Number of cycles(EtS 5l 4)

.odycote
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JHEIEIOIE 0l 28 =4

Cavitation erosion

B ZAHCHO0IE XclE ol JHUIElE 2410 Ciote L0l

& & |:|'.(Kolsterising® improves the resistance against cavitation erosion.)

B o= SAHOESH == E=S=0] 46t

Explanation: High compressive stresses in the kolsterised layer.

Bl 0 : SUS316 A A A ()&
Example: (High) pressure homogenizer made out of material AISI 316 (1.4401)

BOdelg 32 =38 : 3=
Operational life untreated: 3 weeks

B 2AE2H0E X2lg B2 49 : 49
Operational life Kolsterised: > 4 years

.odycote
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H0OL0LE

(Abrasive wear)

.odycote
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HIOIH & Ot24 &

(Wear Taber Abraser test)

.odycote
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DI2 48 SEU0Ig
Wear test measurements

HIOIH & 0I24™
TABER Abrader wear test
1.4404 kolsterised
Graze rol: H-10 Load: 500 g extractor: 100 %

80T /
70+

5 — untreated /
60 T

E

Al 2]
=2o

- K-22
— K-33

Wear out [mg]0t2

0 50 100 150 200 250 300 350 400 450 500
Cycle qty (& &%)

.odycote

Kolsterising® is part of the Bodycote Thermal Processing Group



BODYCOTE Kolsterising®

LIoI2d &=

Wear resistance test

60 —

50 —

40

30

20 —

10 —

0
2l air | Soil ol &=Sea water
" | DI™2l 304 untreated I 2AF2H0IE 2| H 304 kolsterised

B 0/™2l 316 untreated B =2 AE 2012 X™2IX 316 kolsterised

.odycote
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2 AT 8

(Corrosion resistance)

.odycote
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H_l_/\|/\'| xx-l

O MO M
(Measurements of galvamc corrosion)

Stromdichte - Spannungskurven
1.4404 ( X 2 CrNiMo 17 13 2) kolsterisiert in 3% NaCl, 302!

12 4 -
: / 2H S AL Bt B,
- \_

8

| =— unbehandelt
i —K-22 /
I — K-33

4 / /AV"M'

5 i

0 . e e
-11%)0 100 300 500 700 900 1100

»

"

| [mA/em?  HING 4 rA

Eq[mV] &<

.odycote
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H=4d &80 0IE

(Resistance against pitting corrosion)

@)
40 8
T,
— 1 3%
— 1 306
25 &
- 20 &
5
15 L
o >
10 3z
5 @ 0%
2w
el 5 Eu
33um D i
untreated 22um ol

Attack on: [ side W surface

Material: 1.4404
Test with 10% FeClI3 solution, by ASTM G-48

Remark: structure particles likes delta ferrite, deformation martensite
Having a negative influence on the corrosion resistance

.odycote
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S EHICIOIEC| 2t H et
(Negative effect of delta-ferrite)

Kolsterierschicht
V )
S S, e ’11' 1 ‘

ko =

? !: .;ﬁv\‘ o ‘\.i /’

¥ ';f v \\\\
LR { ‘ S - Ferrit
; \'- A }
BBodycote
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Liadel e
(Negative impact on corrosion resistance)

Cr-verarmte

Zone Delta-Ferrit

{im Austenit)

Aktives
Gle_itband

Cr-veramte
Zone

.odycote
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0l

24 LIAE, HE, M S

Bulk, screws, nuts, washers, etc.

.odycote
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SAERH0I1R HM2

Example of Kolsterising®

-

—

¢

=0 = 1T
=ES

Heavy parts

Kolsterising® is part of the Bodycote Thermal Processing Group
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S&dl2 2~

Applications for Kolsterising®

.odycote
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d=d2 K

Applications for Kolsterising®

INE==DNT gk
CEIEEHA O|A&
S35 A= 4 28

A magnetic pressure control valve part in automatic
transmissions used in the automobile industry

&' W.-Nr. 1.4301(SUS304) s
1.4305 (SUS303)

i JC_)L —_rl o~ j._-l Requirements
° I-—H d |' 2 /5' Wear resistance
¢ il —JF 9| 8" é* éﬂ Dimensionally stable

i H | I|‘ /S Non-magnetic

ol Dd = Jé! Surface quality

.odycote
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BODYCOTE Kolsterising®

S=dl2f 40K

Applications for Kolsterising®

F(EHIIM) S ==

Nozzles for water automatization

THZ: W-Nr. 1.4404 (SUS316L)

JC_)L —_rl _JIC_ D.__l Requirements

LHOF2J GHEIHIOIE, F A7) wear

re5|stance (cavitation erosion)

'LH Al o Corrosion resistance

'Xl 'Lé:! tcl>|' X' Prevention of galling

.odycote
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S=dl2f 40K

Applications for Kolsterising®

XS XpAHSL O] RN Al
HAUHHE=ZALS F:’;'lc%' U|%

Damping device for diesel fuel common rail injectors used
in the automotive industry

MZ&: SUS316LA

JC_DL ? o~ j'l Requirements

i LH D |‘ E /él Wear resistance

‘i' = O| Ol’ A /<\5| Dimensionally stable

¢ t” I|‘ <= Non-magnetic

.odycote
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d=dlel A )

Applications for Kolsterising®

HNStEds BELFS

Pump parts used in the pharmaceutical industry

WA W.-Nr. 1.4435 (SUS316L)

_IQL —_rl _jlt_ ?_-l Requirements
LHOI2 HCGHYIHI Ol & 2 A
Wear resistance (cavitation erosion)

¢ LH /%! /g Corrosion resistance

ot Eﬂ = Jél Surface quality

.odycote
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d=d2 K

Applications for Kolsterising®

SAAEE HHHIE

Air bearings used for electronics

THZ: W.Nr. 1.4404 (SUS316L)

OIH AEHEZTE

Investment casting

JC_DL —_rl _JIC_ jd Requirements

° LH g |' 2 /cg Wear resistance
’i| —JF 9| O|_|' § /5' Dimensionally stable
i lj | Il‘ {\; Non-magnetic

ot D|_:| = Jél Surface quality

.odycote
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BODYCOTE Kolsterising®

d=dlel A

Applications for Kolsterising®

Sletalolz SHUHR =

Ball for a ball valve, used in the chemical industry

THZ!: W.-Nr. 1.4404 (SUS316L)

JC_DL —_rl _Jlt_ ?_‘l Requirements
i LH D |' _Cnl_ é;' Wear resistance

* I-—H /%! /5I Corrosion resistance

¢ il 4— _Cll 8* Jé' /5' Dimensionally stable

.odycote
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BODYCOTE Kolsterising®

g0

Applications for Kolsterising®

Kolsterising® is part of the Bodycote Thermal Processing Group

O

A b

Al =L |._ﬁ H -

= T =2 a2kid 1T
Aseptic positive displacement pump for food processing
industry

THE!: W.-Nr. 1.4404 and
1.4435 (SUS316L)

JC_)L ? _jF_ j;l Requirements

® LH D |‘ E é_;! Wear resistance

¢ il —J|\— 8} JCE->| é;' Dimensionally stable

i Ij | XI‘ /5' Non-magnetic

o Dl_:l = Jé! Surface quality

.odycote
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a35d2

Applications for Kolsterising®

Kolsterising® is part of the Bodycote Thermal Processing Group

)|

efstatd & BHHE 22t 0|

Butterfly valves for the chemical industry

THZ: W.-Nr. 1.4401 (SUS316)

JC_DI_—_rl ‘I Requirements
b LH D |' _'|j_ /&_' Wear resistance
° LH Al A

o COI’I‘OSIOI’I resistance

‘_.J:L._ HS5 = E Surface quality

.odycote
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d=d2 K

Applications for Kolsterising®

H| OF AL . E 0k S 2

/] =-g.7T7T T
Dosing wheel for the pharmaceutical industry

THZ: W.-Nr. 1.4401 (SUS316)

9:. —_rl _JIC_ j._‘l Requirements
* l-—H 0 |' 2 /é_' Wear resistance
b D |' _'nj_ D:.l' _/nk_ Friction reduction

¢ il 4— (&I' Jél §|‘ Dimensionally stable

* I-—H /%! /&_I Corrosion resistance

.odycote
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A2EHC0IE XelSE

Productlon plants Kolsterising®

.odycote
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Production plants Kolsterising®

Netherlands

Bodycote Hardiff bv
Paramariboweg 45
7333PA Apeldoorn

Tel.: +31 55 542 63 92
Fax: +31 55 542 31 16

France

Bodycote Chanteloup

ZI des Garennes II

78570 Chanteloup les Vignes
Tel.: +33 1397021 70

Fax: +33 139702171

Kolsterising® is part of the Bodycote Thermal Processing Group

I
Germany

Bodycote Hardiff GmbH
Max-Planck-Strasse 9
86899 Landsberg

Tel.: +49 8191 91 79 30
Fax: +49 8191 91 79 13

Bodycote Kolsterising North America
443 E. High Street

Ohio, 43140 London

Tel.: +1 740 852 49 65

Fax: +1 740 852 49 56

.odycote
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(Korean agent)

) ILKANG

TRADING

NEESA 2 AISS 966 SUE T AIF U2 AL A}
Tel : 02)808-4354~5, 02)807-0882~3
Fax : 02)805-5687

E-mail : ilkangtrading@gmail.com
Homepage : www.ilkangtrading.com
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