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Abstract 
The industrial use of pure titanium has been extensive, but, its products have been plagued 

by inadequate wear and erosion resistance. The technique of pack nitriding was chosen to 

increase the hardness of pure titanium products. However, achieving high hardness often 

necessitated high temperature processing. The nitriding carried out using urea as an 

alternative source of nitrogen, which will diffuse with the metal surface and form titanium 

nitride. In this study, an attempt is made to design and fabrication a nitriding device in the 

workshop. The device is made using stainless steel pipe 4" Sch. 160, 400mm long, which 

is closed with 4” SO #900 blind flange. To measure pressure in the nitriding chamber, a 

Pressure Gauge is installed at the top of the top flange. Heat supply from Jemix brand heat 

treatment machine. The nitriding pipe is covered with a heating coil and temperature 

control of the heating machine. Urea in granular form is put into the nitriding chamber 

and then the specimen is also placed in it. Nitriding process was performed at temperature 

of 475°C. Thermocouple with  measurement range and reliability of up to 1200oC was 

utilised to gauge the temperature of the nitriding chamber and provide input to the 

temperature controller. The test findings indicate that the temperature control equipment 

performs effectively within a temperature stability range of between 1oC to 2oC. The Pure 

Titanium Gr. 1 plate after nitriding show a hardness improvement as compared to the non-

treated plate. The test showed that Titanium surface hardness after nitridation for 2 hours, 

rose from 55.5 HRC to 70.5 HRC. It is anticipated that it can address industrial technical 

problems related to the premature degradation of Pure Titanium Gr. 1 plate. 
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1.  INTRODUCTION 

Titanium is sturdy and light material, with excellent mechanical qualities like high durability and 

resistance to corrosion. It is employed in medicine, petrochemical, and other industries [1-5]. Nevertheless, 

substandard wear properties frequently results in initial failure of titanium components [6], This study 
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examines the devices to improve titanium mechanical properties, as well as the unavoidable wearing that 

occurs between the titanium and other metal. Thus, actions need to be done to improve the wear 

characteristics of titanium. 

Significant efforts have been focused on improving the durability of titanium [9-13]. This way of 

adding TiN to the titanium plate’s surface is often used to make them more resistant to wear [14,15]. Several 

techniques have been documented for the fabrication of TiN coatings, including vapor deposition [16,17], 

plasma nitriding [19], chemical deposition [18], as well as laser nitriding [20-21]. Because of its 

advantages, such as a brief nitriding duration and a robust metallurgical connection between the resulting 

nitriding layer and the underlying material [22,23], the technology of gas nitriding has garnered significant 

attention. In a nitrogen atmosphere, nitrogen moves into the surface area, where it cools and solidifies to 

form the TiNx phase. 

The most popular way to get ready for surface laser nitriding is with a continuous wave or pulsed laser. 

When a continuous wave laser makes a nitride layer, it is generally thick (tens microns) and has a rough 

surface (>2 microns) with a substrate that is susceptible to deformation [24,25]. In comparison, the pulsed 

laser nitriding technology has demonstrated distinct advantages such as rapid treatment, minimal heat-

affected zone, prevention of undesired substrate heating, extensive and sideways treatment, specific surface 

treatment, and adaptability to materials with intricate surface shapes [26]. Based on relevant reports [26,27], 

Thin nitride layers can be directly formed on titanium alloy surfaces by irradiating them with pulsed laser 

light in the presence of nitrogen. A study has shown that the use of pulsed laser nitriding resulted in a 

considerable reduces micro-motion wear and raises surface hardness at both high and normal temperatures 

[28,29]. An investigation has verified that the duration of pulsed laser nitriding directly affects the thickness 

of nitrided surface. Furthermore, we have seen substantial enhancements in the hardness, and wear 

properties of the nitrided surface [21]. Moreover, many empirical investigations have demonstrated that 

specific process variables [30-35], the application of nitriding technique can influence the mechanical 

properties of layers generated on metal surfaces. 

In this research, a nitrogen source was used from urea fertilizer. Urea fertilizer is synthesized through 

chemical processes and has a relatively high concentration of nitrogen. Most urea fertilizers available in 

the market consist of the nutrient element nitrogen (N) at a level of 46%. Each 100 kilos of urea fertilizer 

contains 46 kilograms of nitrogen. In general, urea fertilizer has a fairly rough texture. Urea fertilizer is in 

the form of white crystal-like granules with chemical formula NH2CONH2. 

Due to the nitrogen content in urea fertilizer, research on the nitriding process on steel surfaces was 

carried out using urea as a nitrogen source. At a temperature of 460-600oC the nitrogen content in urea 

decomposes into N atoms which compound on the surface of the test sample. 

This paper discusses the process of design, manufacture and testing of temperature control equipment that 

has been used in material hardening operations using nitriding at PT Pusri Palembang. To make this tool, 

local components are used which are easily available on the market. For the component assembly process, 

mechanical and electrical workshop facilities are used within PT Pusri Palembang, which is located in 

Palembang. Equipment testing and operation was carried out in the laboratories of PT Pusri Palembang and 

Sriwijaya University. 

 

2.  MATERIAL AND METHOD 

2.1 Titanium Grade 1 Specimen 

Pure Titanium Grade 1 is renowned for being among the most malleable and pliable grades, 

showcasing an exceptional ability to be welded into various forms. This pure titanium possesses 

exceptional qualities of being resistant to corrosion and being easily weldable, thus making it suitable for 

a wide variety of uses [36]. The compositions of Titanium plates that were treated in this study are provided 

in Table 1. 
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Table 1 Composition of Titanium Grade 1 (%.wt) 

Name Value  Name Value 

Ti 99.5 Fe Max 0.2 

H Max. 0.015 N Max. 0.03 

O Max. 0.18 C Max. 0.1 

 

2.2 Urea 

With the highest Nitrogen content, urea stands as the predominant nitrogenous fertilizer in the market 

(as described in Table 2). This research used urea in granule form produced by PT. Pusri Palembang, South 

Sumatera, Indonesia as a fertilizer plant since 1959.  

Table 2 Properties of Urea  

Shape Nitrogen content Biuret Moisture Size Specific 

Gravity 

Granule 
Min. 46.9 %. 

weight 

Max. 1.0 %. 

weight 

Max 0.5 %. 

weight 

2-4 mm  0.74 gr/cc 

 

2.3  Nitriding Device 

The next preparation is to make a nitriding shell made of steel pipe with adjusted dimensions as a 

container for placing urea and test samples when undergoing the nitriding process in the heating furnace. 

According to its use, the design of the temperature control equipment must comply with the operating 

requirements and design concept of the nitriding system. In general, the design and operation concept of 

nitriding for hardening industrial component materials can be described based on the sketch in Figure 1. 
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Figure 1: Scheme of nitriding equipment 

 

This system functions to regulate the temperature in the nitriding chamber so that a constant 

operating temperature is obtained. The temperature of the nitriding equipment is designed to provide room 

and sample material temperatures of up to 700oC. As a heating source, Jemix Heat Treatment machine is 

used. Part of the equipment consists of: a temperature measuring system, control instrumentation for 

temperature setting and a relay system. For sensors and temperature measurements, a thermocouple is used. 

The thermocouple measurement results are received by temperature control, then from this temperature 

control the signal is carried by the thermocouple and the temperature setting previously set is adjusted 

according to requirements. If the temperature has reached the desired degree according to the temperature 

setting, the temperature control will give a signal to stop the voltage given to the relay.  

The device is made using stainless steel pipe 4" Sch. 160, 400mm long, which is closed with 4” 

SO #900 blind flange. Maximum Allowable Working Pressure (MAWP) for shell of nitriding device 

calculation perform in accordance with ASME Section VIII Division 1 using Software PV Elite 2020. From 

calculation, obtain MAWP of 45 kg/cm2 in temperature 700oC. 

 

  
(a) (b) 

Figure 2: (a). Geometry Design; (b) Nitriding shell assembly 

 

The design of temperature control equipment contains design concepts on a prototype scale which 

are prepared based on data and specifications of temperature control system components. Component 

determination and material selection are carried out by referring to temperature control equipment design 

data and reference studies. To reduce equipment manufacturing costs, components are designed to be made 

by assembling basic element materials available on the local market. To increase efficiency, the design of 

this equipment is designed with the following considerations: 

1. Casing is made according to space requirements or size of temperature control components. 

2. Ease of operation and maintenance which requires a compact design, and easy to dismantle and 

assemble. 

3. A good control, measurement and regulation system ensures the safety of equipment and operators 

from electrical hazards. 

The nitriding equipment manufacturing process involves preparing tools, selecting materials and 

fabricating work. Preparation of fabrication equipment is carried out by preparing machines, tooling and 
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testing equipment. Selection of materials taking into account oil-free dirt, especially for making equipment 

casings, and in welding work. Carrying out fabrication by paying attention to size, dimensions in 

workmanship according to the dimensions contained in the drawing, carrying out work such as cutting, 

drilling and welding. 

 

3.  RESULTS AND DISCUSSION 

The temperature control equipment that has been assembled is then used and connected to the 

nitriding equipment. A picture of the temperature control installation is shown in Figure 2. The operation 

and workings of the temperature control device are described as follows: 

The electrical power supply is obtained from PT Pusri’s electrical grid via a socket and the MCB 

(mini circuit breaker) is turned ON. The temperature setting on the temperature control is selected 

according to the operating temperature and the heating system is operated with the heating switch in the 

ON position. During the ongoing nitriding operation, the temperature of the nitriding chamber is indicated 

by the display on the temperature control system according to the selected value. ON and OFF conditions 

indicate the accuracy of the tool. If the operation is complete, set the temperature control setting to room 

temperature and once room temperature is reached the switch for the heater can be turned off (OFF) and 

then the MCB is also turned off, then turn off the electric power supply. 

The temperature control system consists of several components, namely: 

• temperature controller of the Jemix Heat Treatment machine 

• relay: Solid-State-Relay (SSR). 

• thermocouple  

• Heat sinks and cable terminals 

Type K thermocouple is a temperature measuring instrument that has a measuring range of up to 

1200oC. From the data obtained it can be said that the heating system is stable at temperatures of 200oC, 

400oC and 500oC for 2 hours with different indications at temperature differences in the range of 1oC to 

2oC from the specified temperature. 

 

3.1  Hardness Test 

The Handy Hardness Tester, SONOHARD SH-21A, which had measuring range of Rockwell 

hardness from 10.0～70.0 HRC. Measuring indenter is diamond indenter for Micro-Vickers (facing-to- 

surface angle of 136˚) was employed to determine the hardness level by tiny indentation (approx.0.1mm). 

The portable ultrasonic hardness tester, SONOHARD SH-21A, with direct reading of hardness values in 

HRC as shown in Figure 3. The applied load according to JIS B 7731. The hardness values that are 

mentioned are the average results obtained from taking 5 readings for each individual specimen. 
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(a) (b) 

Figure 3: (a). Measuring indenter; (b) Digital display 

 

Table 3 Samples are produced using process parameters. 

Sample 
Urea Mass 

(in grams) 

Temperature 

(Celsius deg.) 

Holding time 

(hours) 

Heating Rate 

(oC/hour) 

1 100 475 2 300 

2 150 475 2 300 

3 200 475 2 300 

4 250 475 2 300 

5 300 475 2 300 

6 350 475 2 300 

 

The nitriding experiment was performed in nitriding pipe (Figure 2). Titanium plate was placed in 

stainless steel pipe on a sample tray of the same material. The pipe is covered by top cover and bottom 

cover and warm up using an electric induction component. At the top cover, a pressure gauge to monitor 

internal pressure and a valve to release the gas. 

Data from nitriding research on the Titanium surface are listed in Figure 4. 

 

 
Figure 4: Hardness test measurement on the 6 samples 

 

The results of measuring the level of surface hardness obtained using SONOHARD SH-21A in the 

form of the average value of the level of hardness from the 5 positions measured. 

Among the several parameters used for nitriding in this study, it appears that urea mass plays an 

important role for the increase in surface hardness. This is because increasing gas pressure in the process 

will increase the opportunity for nitrogen atoms to diffuse into the titanium crystal lattice. 

Because the nitriding process in this study was carried out at a temperature of 475°C, where this 

temperature is still very far below the transition temperature for the formation of beta titanium (n-Ti), 

namely 883°C, it can be said that it is impossible for the n-Ti phase to form at this research. The formation 

of the n-Ti phase in the nitriding process will increase the diffusion coefficient of nitrogen, so that the 

nitrogen concentration contained in the crystal will be greater as a result of the interstitial diffusion process. 

Several previous research results stated that TiN usually only forms at nitriding process temperatures above 

800°C [25], because TiN will only form if the concentration of nitrogen contained in the crystal lattice is 

large enough. 

 

4.  CONCLUSION 
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We have demonstrated the possibility of nitriding of titanium in an urea chamber by heating from a 

heat treatment machine. The design and assembly of temperature control equipment for nitriding system 

has been successfully carried out. From the results of the nitriding test as Titanium treatment using urea as 

a nitrogen source, it can be concluded as follows: 

1. There is an improvement in hardness compared to untreated specimens (non-nitriding). 

2. Nitriding can effectively enhance the hardness of Titanium (Ti) Gr. 1 under non-vacuum condition. 

In the case of the nitriding temperature 475°C for 2 h, Titanium (Ti) Gr. 1 nitrided at urea mass of 

200 grams exhibits the most excellent hardness. 

3. As urea mass rises from 100 to 350 grams, the hardness of nitrided titanium shows an upward trend, 

which results from the increase of nitrogen ion released. 

The obtained results demonstrate the possibility of using the urea chamber sources for nitriding of 

Titanium Gr. 1. 
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