
Accepted Manuscript

Surface modification of chromium-silicon martensitic steel by
forming hard borides

Guldem Kartal Sireli, Perim Ozkalafat, Servet Timur

PII: S0257-8972(17)30721-1
DOI: doi: 10.1016/j.surfcoat.2017.07.033
Reference: SCT 22517

To appear in: Surface & Coatings Technology

Received date: 9 May 2017
Revised date: 11 July 2017
Accepted date: 13 July 2017

Please cite this article as: Guldem Kartal Sireli, Perim Ozkalafat, Servet Timur , Surface
modification of chromium-silicon martensitic steel by forming hard borides, Surface &
Coatings Technology (2017), doi: 10.1016/j.surfcoat.2017.07.033

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

http://dx.doi.org/10.1016/j.surfcoat.2017.07.033
http://dx.doi.org/10.1016/j.surfcoat.2017.07.033


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

1 

 

Surface modification of chromium-silicon martensitic steel by forming hard borides  

Guldem KARTAL SIRELI*, Perim OZKALAFAT, Servet TIMUR 

Istanbul Technical University, Department of Metallurgical & Materials Engineering 34469 

Maslak, Istanbul, Turkey 

Abstract 

In this study, an alternative surface hardening method called as “CRTD-Bor” (Cathodic 

Reduction and Thermal Diffusion based Boriding) was introduced for the heavy-duty 

applications of medium carbon, chromium-silicon martensitic steel, also known commercially 

Silchrome 1. The influences of process parameters (e.g. electrolyte temperatures and both 

electrolysis and phase homogenization durations) on the chemistry, thickness and hardness of 

boride structures were investigated to yield a modified surface within the industrially desired 

compositions, namely single Fe2B or the layer containing max. 10 % of FeB in vol. 

Furthermore, adhesion as well as thermal oxidation behaviors of borided substrates were 

examined. Cross sectional SEM investigations revealed that it was possible to grow 35 µm or 

45 µm thick boride layers within the preferred compositions after 40 min and 55 min of CRTD-

bor, respectively. Thin film XRD analyses confirmed single Fe2B formation with minor Cr2B 

peaks. The hardness of boride layers varied in the range of 1400±200 HV. The grown boride 

layers exhibited the ideal adhesions to the steel matrix with either perfect HF1 or acceptable 

HF3 qualities according to their constitutions. CRTD-Bor boriding process improved the 

oxidation resistance of the steel at 650 °C remarkably by forming thin ~7µm thick protective 

layer composing of mixed iron-, chromium - oxides and borates as well as boron oxide (B2O3) 

which was firstly identified in the hexagonal crystalline structure after oxidizing borided steel 

samples at 450 °C and 650 °C.    
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