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Evaluation of wear and corrosion behaviors of boride and borochromized
coatings formed on 316L austenitic stainless steel

Vahid Samadi and Ali Habibolahzade

Materials Engineering Department, Faculty of Engineering, Semnan University

Abstract: Effect of boriding and borochromizing treatments on microhardness, wear properties and corrosion resistance of
austenitic low carbon stainless steel (AISI 316L) has been studied. Coating was applied by using of pack cementation
method. The pin on disk test was employed at two loads of 75 and 115N to evaluate the wear behavior of the samples.
Corrosion test was performed by using of immersion method in (10 vol.%)HCI and (10 vol.%)H,SO, acid solutions on
uncoated, borided and borochromized specimens.

The results reveals that specimen with borochromized coating provides higher surface hardness and more desirable wear
behavior in respect to uncoated and borided specimens. Fatigue- oxidation wear mechanism is also found as the main
deterioration mechanisms of surface layers in coated specimens. Borochromized specimen has Also higher corrosion
resistance in comparision with the borided specimen, although, it has, in some extend, similar corrosion behavior to that of
the substrate.

Keywords: 316L stainless steel, boriding, borochromizing, microhardness, wear properties, corrosion resistance.
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10 —B— boronized 316L in HCI solution
—6— horochromized 316L in HCI solution
—&— unboronized 316L in H,SO4 solution
8 -

—&— horonized 316L in H,SOq solution

—e&— horochromized 316L in H2S04 solution

Weight Loss (mg/cm?)

20

40

60 80 100

Time(h)

Jslowe 35 5 0l esls U':"';fjfl’ L;udjajé))&)bdi))g;:)yoyﬂjl ol 055 2l slasls s -V IS5
Q+7vol) H SOy 5 (ve/vol)y HCI s

S pl 503 53 il Sld il (Sl g okl o
g5 ol 6 dde 55 o hd g sladisel 4
ssbas 53 CE L (P 5 A0 (LAY gl [K2) WL
(A) ej_:.:« f\f 49 U\‘ LQLAJ&Z )J ol eb‘b ;_)L.;..) SEM
AjwloML&.ﬁL‘LGL&MW &.LMM)J(B)‘%})}
oMu\)‘u&gQMJQﬁf\yw\&wqj
o DS SIS b g ol S 5 Al b
OLaj s 4 S O3S Ol LB i) 15 6 55
pA{JU_; e an (Gl e 53 Sl Al531L)
S, oY ke 5 il s 05T VL Ol
o3 eded edalin glas 5 an a5 L Llesls |35
CJLAJJ)‘LSJlJ_iAASg;JkiJJQ\)JJAc&)eJ:}‘LSLAQY
sl ez L Ko b il e S il
ou}iu))ﬁ@ﬁjzdzﬁuﬂoihm&.bc}zw
4SS Sl Ladgad plo 3l 2l o S5, 558 5 Ol
HY@CM._“JO;&_MHYQJEJJ>;ML\)SD_»
5 55 [VFlis K3 0,8 sy il ales S
Ol S S 5l blodew y amD e 4 355 Sla )

il O3] pm 3 50 e b oy e Vb el

e 53 2l ISk s laas s oslsl -
g bogde e S22 S Sole 4l
2 (Ol Lol jascin) ol sdalin oS 535 4
03 b aalsl 3 aS s gad s s Ol e daaY
(o slaa Y Oud coen S a8 s
3 03T Ly s edd foate va 4 s S 5l
e 0l Al i il esle e 51 5
Jelse Sl S 1 Ol ge S0 085 S5 0350 015 o0
Qw.wlsﬂu;lﬁfl}&jaj);%ﬁ
¥ JS2) EDS 0T s s a5 BB 03081 s
S sy 4 Ol o Ol o pl € gad =l 51 G
ol s 53 (Ko, bl 53 o ot ) (S
L el ol i pmd Gl ¢330 oS e (i 02 (0
b e bS!S

ol odols = gla s 5l 5y Sl Sy S lad
S 53 el O3l bl 51 g U35 g (gla sl
L ol e o3l 0L 8 50 (sla S 3 5 10
P SRS e Y AL b ISS Gl el
S idsy e sed b aslis 53 i Ok (4 5a el

a5 ¥ USE Sl ) G e e 055 g0 edalin



(\vAA)Vdaww.,\;@.A} f}l;‘dzr“"'“{df &) 3\1_53 QL«}JS}J_}{}.,\..{\)_}{ 6@&2}5 caé\jd‘w;éw AR

G e bRy ladsel o (Sa)pt Ol (s
i St aslie LB b o ol bt el
Caslis cpl 5l i IS ladg ol e 3 adise
Ol copl podle sl SWsu lads (sl Jgloma o
Shls SIS Al s b sai alad  So 50 4 Cunglis
i Sy 5 g el 3 GBS j/uﬁ Pt
Soo a4 Caslie Ol syl sled s ol i
o 9 03 I ek ped S VL el wped 4 b e
b (S0 S, on 5SS el lay Sos aiged OF )
Ggad Goke 4 A e OLL 35 Sl el W el 4 o
@ Sweglie Wby g 4 S Llg Sy s b
oS O (S35 S 5 a0 415 (552 S
4 Cwglie Lol IS jsb 4 il . b sl 5l i
ol oS LS| &Y 4 0355 NS 5 Sy
Loy OF dae g » oki S Jaiye 5 IS
w B Vs ol e (Saust a Saslis el s
Vg 533 055 pled S 358 00 JU o 2 1 5L
Ozl ghls sV 5 e3g lr Jedoe Cojsr @
S 4 Ceslie SR b [Pl 5bsS
@ g g s 4 G el Uy gladise
o il el mhe s gl LSS S
Lo ol g osle G 4y 55 3580 51 53 8 D50
s els [N] psSlin oS5 S5 b b oy S
g nl s S Y b e > Jgloms S Ol
oSl d@éb I 5 4y ST Y (65 I3 )
S Saslia |5 A e S Sl Sau U5l
S S5 (G LA o by i L O3S Y
Al b odd ples So)5 diged (il Y 53 2l s S
S OF VL (So) 0 4 Caglie sl s Olpe
b D 3 e 350 Ol el Rl g 45
2 Slodas 1 dav gladY 55 s s gl s
Clwr 4 arg bl el Soppt 4 Cuslis
sy sn ey e ji= 33y cnl 5> N ] 88 s
O J82) Lley Sosp 4V b el 53 by glaaY o

Som sy it 6,5 s 4 O s a il
seldolonl S5 b glaay s S il
S el Tl 0,5 a5 ) el g 2 Dl e
23 il 058 Ol a iyloS] = (Kot 50
Dy e odls Ladii Llhs b b gl sl

Gl A e s b Sos i bWl 3
3 SN ey Sap OlSe m & Sed SR
e Jolse S e glagtidy e 042 4SS
slaY e 4 oamg Loy syl ol 4
sl (ﬂKA (s 5 C? I8 b éa.d 33 S|
SNt el Olas g edd ey Sans W o
0wl b oalie S bS5l ol LS
HB s cal 53 e 4 LS edalie Ll Ry
5 St 0o el & asb culs
Ly oMy 4 Sed s il YL 6 Ayl
slalin ¥ JSU 4 a5 b o e 3 AL
53 SRl Ol 03 3z ] Jlie &S 550
boaslio 5o (550 VYO (65,0 3 Ll s slad gl
S ol Bl (2l e VO a5 55 LSkl ol
S pdlanl (I L B e g3sd- b uls O e
S osbolea |y il 5L glales o Llys Sl
N0 & VO (o,m 3l Jlesl L il 3 s as as
ol b Gt GRS S s sl s bes (o350
Pl fals i blye ple S esdle (bl
g by (RPN s e 5 a (St
2 ks il Sk, klg oS wil e S s
S e e VL slasly

Sosbsp Dlos o D3y S palie VS
Vool sl s o 1y iy 5 el ladises
oo B S8 g Al 5 oL IS il 5l ez ds s
23l bl el ged ol das e OLES el 47 Ol
S5 Ol b 3 baiged gl edd S 035 talS
S 3k, Olf e bolssed (nl 4 ar g b lledd o 5

Jhoms 53 8 53 gy abse Oloy oo il b Yol



Yv (\Y‘/\/\)Vcla.nw,\;@.») f}b‘widf u_<;) 3\1_53 '\'.“L‘J;JJ_}‘.JJ‘.A‘)_}‘. 6Lﬁul~dﬁ sa)\jd‘%)éw

el

1. K.H. Zum Gahr, Microstructure and wear
of materials, Tribology Series, 10, Elsevier
Science Publishers B.V., Amsterdam (
1987).

2. K. Holmberg, A. Matthews, Coatings
Tribology Properties, Techniques &
Applications in Surface Engineering,
Tribology Series 28, Elsevier Science
Publishers B.V., Amsterdam (1994).

3. A.  Kuper, Plasma-assisted boronizing,
Advanced Materials & Process, 161(3)
(2003) 20-22.

4. B.S. Mann, Boronizing of cast martensitic
chromium nickel stainless steel and its
abrasion and cavitation-erosion behavior,
Wear, 208 (1997) 125-131.

5. AK. Sinha, Boriding, Heat treating, Vol. 4,
ASM Handbook, ASM International,
(1991) 437-447.

6. M. Carbucicchio, G.P. Palombarini, Effect
of alloying elements on the growth of iron
boride coatings, Journal of Materials
Science Letters, 6 (1987) 1147-1149.

7. J.R. Davis, Surface engineering for
corrosion and wear resistance, ASM
International, Materials Park, Ohio, (2001).

8. A. Pertek, M. Kulka, Characterization of
complex (B+C) diffusion layers formed on
chromium and nickel-based low-carbon steel,
Applied Surface Science, 202 (2002) 252-
260.

9. E. Melendez, I. Compas, E. Rocha, M.A.
Barron, Structural and strength
characterization of steels subjected to
boriding thermochemical process, Material
Science and Engineering, AZ234-236
(1997) 900-903.

10. S. Taktak, Some mechanical properties of
borided AISI H13 and 304 steels, Materials
& Desien, 28(6) (2007) 1836-1843.

il pal g3 g JERL L) e e giea 2n s )
Aol e sl s (st e g sl iy
NYAT (lian o8y (2 ) oulis S

12. C. Martini, G. Palombarini, G. Poli, D.
Prandstraller, Sliding and abrasive wear
behaviour of boride coatings, Wear, 256
(2004) 608-613.

13. C.M Suh, S.H. Kim, J.H. Lee, N.S. Hwang,
Variation of boride layer characteristeics
by heating conditions and materials,
International Journal of Modern Physics B,
17(8 & 9) (2003) 1795-1800.

4 Skl Jlome 5 SBasdad 1 ) (620 led gla Joe
el b (S5, e SR ol oS Wl e s s

i Sle i (S35
Slhee S i OS5 S ash 4 s L
Spg e ol (358 Y S bl b s
0355 Vs o (Giule 5 ) SO ol g
L Caslie U als o de s YVPL e
Sladnl b sl b e Kl 5 (S2spt
TG SINCTPRIRS - P S CR PR PR CRE
O ey o2paS Anlp Jlesl b romes L LasY b
(S5 G2l s e Ul e (3 Aol

& S domi

N e by Sors 5 Ly sl iy sl b
S s jasie YIPL

Ges Js SV e bl Ll Sens Ay )
Al b SR S RS eI

3 o o glaaised Ole po le W, 0 e Y
Al e ot les o) s aiged 4 bss e 3 i

e Db tds sladised Sl s LI el T
Al o e ilS| - S

LYVPL 5V So) 0 0 caslin Ll o sy ¥
PR S5 g sl 5 SIS Al lad gl o
Aol gl G (pres S Aol dlesl b s s s
G boidy ol S DB, Ol pas

e 3 e (S350



14.

(\Y‘/\/\)Vcla.nw,\;@.») f}b‘widf u_<;) 3\1_53 J.il.d};})y}.)‘!\)y 6Lﬁul~dﬁ sa)bd‘g_,.:.&-)é«\w

S. Y. Lee, G.S. Kim, B.S. Kim,
Mechanical properties of duplex layer
formed on AISI 316L stainless steel by
chromizing and boronizing treatment,
Surface and Coating technology, 177-178
(2004) 178-184.

15. C. Badini, C. Gianoglio, G. Pradelli, The

16.

effect of carbon, chromium and nickel on
the hardness of borided layers, Surface
and Coating Technology, 30(2) (1987)
157-170.

L.L. Shreir, R.A. Jarman, G.T. Burstein,
Corrosion (Metal/Environment Reactions),
Vol. 1, Butterworth-Heinemann, Oxford
(2000).

YA



