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Abstract 

 

The formation and growth of boride phases on duplex stainless steel (DSS) 

during superplastic boronizing (SPB) were studied in comparison with conventional 

boronizing (CB) from previous research. SPB is a surface hardening technique that 

combines boronizing with superplastic deformation. It utilizes the ultra high plasticity 

phenomenon in metal while carrying out boronizing in which boron atoms are diffused 

into the metal substrate to form hard boronized layer. The SPB process was conducted 

under compression mode at a strain rate of 2 × 10
-4

 s
-1

, at three different temperature 

conditions (1223 K, 1273 K, 1373 K) and strains (0.2 to 0.6). The microstructures and 

boronized layer growth were studied using optical and SEM microanalysis. A dense, 

smooth and uniform morphology of boronized layer was formed on all boronized 

specimens. Existence of boride phase on the substrate was confirmed by X-ray 

diffraction (XRD). Microhardness tests across the boronized layers were also performed. 

A boronized layer thickness in the range of 10.7 µm to 29.0 µm and surface hardness in 

the range of 302.7 Hv to 1687.7 Hv was obtained. The results indicated that boronized 

layer thickness and surface hardness of SPB is almost similar to CB.  Under CB, 

boronizing at 1223 K for one hour produced boronized layer thickness of 19 µm and 

surface hardness of 1250 Hv. SPB at same temperature to a strain of 0.6 (50 minutes) 

produced a 17.3 µm thick boronized layer and surface hardness of 1252.5 Hv.  The 

activation energy for SPB was also determined. Compared to the CB, the activation 

energy of SPB was reduced. The activation energy of SPB and CB was 111 kJ mol
-1 

and 

192.1 kJ mol
-1

 respectively. In addition, SPB at 1223 K showed higher diffusion 

coefficient, K, 9.2 × 10
-14

 m
2 

s
-1 

compare to that of CB at same temperature, 5.44 × 10
-14
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m
2 

s
-1

. Although the thickness of the boronized layer from SPB and CB were about the 

same, SPB reduced the energy required and provided a faster diffusion rate of boron 

into the substrate. 
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Abstrak 

 

Pembentukan dan pertumbuhan fasa-fasa boride pada keluli tahan karat dupleks 

(DSS) semasa boronizing superplastik (SPB) dikaji berbanding dengan boronizing 

konvensional (CB) daripada kajian dahulu. SPB ialah teknik pengerasan permukaan 

yang menggabungkan boronizing dengan deformasi superplastik. Ia menggunakan 

fenomena keliutan tersangat tinggi dalam logam semasa melakukan boronizing di mana 

atom-atom boron meresap ke dalam substrat logam untuk membentuk lapisan berboron 

yang keras. Proses SPB cara mampatan dijalankan pada satu kadar terikan 2 × 10
-4

 s
-1

, 

tiga keadaan suhu (1223 K, 1273 K, 1373 K) dan terikan (0.2 hingga 0.6) yang berbeza. 

Mikrostruktur dan pertumbuhan lapisan berboron dikaji dengan menggunakan 

mikroanalisis optik dan SEM. Satu lapisan berboron yang bermorfologi tebal, rata dan 

seragam telah dibentuk pada semua spesimen. Kewujudan fasa boride pada substrat 

telah dipastikan dengan difraksi sinar-X (XRD). Mikrokekerasan juga diuji merentasi 

lapisan berboron. Satu lapisan berboron yang mempunyai ketebalan dalam lingkungan 

10.7 µm higga 29.0 µm dan kekerasan permukaan dalam julat 302.7 Hv higga 1687.7 

Hv telah diperolehi. Keputusan kajian ini menunjukkan ketebalan dan kekerasan 

permukaan lapisan berboron SPB adalah hampir serupa dengan yang CB. CB pada 1223 

K selama sejam menghasilkan lapisan berboron yang ketebalannya 19 µm dan 

kekerasan permukaannya 1250 Hv. SPB pada suhu yang sama dengan terikan 0.6 (50 

minit) mengahasilkan lapisan berboron berketebalan 17.3 µm dan kekerasan 

permukaannya 1252.5 Hv. Tenaga pengaktifan SPB juga ditentukan. Tenaga 

pengaktifan SPB telah dikurangkan berbanding dengan CB. Tenaga pengaktifan SPB 

dan CB ialah 111 kJ mol
-1 

dan 192.1 kJ mol
-1 

masing-masing. Selain itu, SPB pada 1223 
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K menunjukkan pekali difusi lebih tinggi, K, 9.2 × 10
-14

 m
2 

s
-1

 bandingkan dengan CB 

pada suhu yang sama, 5.44 × 10
-14

 m
2
 s

-1
. Walaupun ketebalan lapisan beboron SPB dan 

CB adalah hampir sama, SPB telah mengurangkan tenaga yang diperlukan untuk boron 

meresap ke dalam substrat dengan kadar difusi yang lebih laju. 

 

Kata-kata isyarat: Superplastik, Boronizing, Cara mampatan, Keluli tahan karat 

dupleks 



 

 

vi 

 

UNIVERSITI MALAYA 

 

ORIGINAL LITERARY WORK DECLARATION 

 

 

Name of Candidate: Yong Siu Fung      (I.C No: 800123-04-5168) 

 

Registration/Matric No: KGG040002 

 

Name of Degree: Degree of Master of Material Engineering and Technology 

 

Title of Project Paper/Research Report/Dissertation/Thesis (“this work”): Superplastic  

 

Boronizing On Duplex Stainless Steel (DSS) Using Compression Method 

 

Field of Study: Superplastic Boronizing 

 

 

I do solemnly and sincerely declare that: 

 

(1) I am the sole author/writer of this Work; 

(2) This Work is original; 

(3) Any use of any work in which copyright exists was done by way of fair dealing and for 

permitted purposes and any excerpt or extract from, or reference to or reproduction of any 

copyright work had been disclose expressly and sufficiently and the title of the Work and its 

authorship had been acknowledge in this Work; 

(4) I do not have any actual knowledge nor ought I reasonably to know that the making of this 

work constitutes an infringement of any copyright work; 

(5) I hereby assign all and every right in the copyright to this Work to the University of Malaya 

(“UM”), who henceforth shall be owner of the copyright in this Work and that any 

reproduction or use in any form or by any means whatsoever is prohibited without the 

written consent of UM having been first had an obtained; 

(6) I am fully aware that if the course of making this Work I have infringed any copyright 

whether intentionally or otherwise, I may be subject to legal action or any other action as 

may be determined by UM. 

 

 

 

Candidate’s Signature      Date: 

 

 

Subscribed and solemnly declared before, 

 

 

 

Witness’s Signature      Date: 

 

Name: 

Designation:   

 



 

 

vii 

 

Acknowledgements 

 

I would like to express my deepest appreciation to my supervisor, Dr. Iswadi 

Jauhari, who gave me the opportunity to carry out this research. With his continuous 

advised and guidance through out the course of my research, it was eventually 

accomplished. 

Appreciation is also extended to all lecturers, students and staff of Engineering 

Faculty and Mechanical Engineering Department, University of Malaya, especially En. 

Mohd Said, En. Zaini, En. Razif, En. Hassan and En. Nazarul Zaman.  

I would like to express my gratitude to my parents for their love, patience and 

encouragement. Appreciate my wonderful sister, Yong Siu Kin’s support and 

consideration. 

Last and not least my research group Mdm Hanis Ayuni Mohd Yusof and Miss 

Nur Hafizah Abd Aziz for their support and advices. 

 

 

 

 

Yong Siu Fung 

Engineering Faculty 

University of Malaya 

2011 

 

 


