
Introduction 

Nitrocarburizing is a thermochemical heat treatment 

process that is used to enhance the performance of many 

demanding industrial steel components, for example gears. 

The resulting outer microstructure, the compound layer, is 

hard and offers improved resistance to wear and corrosion. 

[1 – 3]. The process involves exposing the steel to a 

reactive atmosphere consisting of ammonia (NH3) and 

carbon dioxide (CO2) at 540 – 590C, resulting in surface 

absorption and inward diffusion of nitrogen and carbon in 

the steel [4, 5]. 

In-situ monitoring of ammonia content is however very 

difficult. The upper limit of most commercial solid-state 

sensors for ammonia is only a few hundred ppm [6, 7], 

whereas 15-40% ammonia is expected in nitrocarburizing. 

Other common instrumentation options include Fourier 

transform infrared spectroscopy (FTIR) [8], but a such a 

setup cannot tolerate the high temperature inside the 

furnace. Extracting the gas is a possibility to circumvent the 

temperature exposure, but if condensation occurs during 

extraction, ammonium carbonate can form and clog the 

pipes in addition to alteration of the gas composition [9]. 

While in pure nitriding, hydrogen content can be used to 

estimate ammonia content, such estimations are 

questionable in nitrocarburizing since an unknown amount 

of hydrogen is consumed during carburization. 

One alternative monitoring method of particular interest 

which has not seen wide adoption is tuneable diode laser 

spectroscopy (TDLAS). In this setup, a laser is passed 

through the analyte gas and a series of mirrors to a photon 

detector, from which the composition of the gas can be 

determined [6, 10]. The absorption spectrum of ammonia is 

800 – 1400 nm [8], so by using an infrared laser, ammonia 

is detectable at a relatively a high detection range in 

relation to solid-state sensors [6, 8]. 

The goal of the present study is to investigate the usage 

of TDLAS method in measuring ammonia in-situ for 

typical industrial nitrocarburizing conditions. The measured 

data will be compared to conventional methods, including 

estimations of ammonia based on the furnace’s hydrogen 

sensor, and extractive gas analysis measured in FTIR. 

 

2. Experiments 

The experiments were performed in a industrial furnace, 

in two stages. Throughout the trials, the ammonia content 

and nitridation potential, rN, was analyzed using three 

parallel setups: 1) TDLAS, 2) Extractive analysis, and 3) 

Estimation based on furnace hydrogen sensor data. 

In Trial 1 first approximate 50% NH3 was added, while 

in Trial 2 90% was added followed by 50% NH3 and 5% 

CO2. For Trial 2, no results TDLAS sensor were available. 

In Table 1 below the used process gas flows are 

summarized.  

The TDLAS sensor used was a Mettler Toledo G-Pro 

500, which was mounted close to the exhaust pipe of the 

furnace, where the approximate temperature 80–120°C was 

documented. Extractive gas analysis was done in-situ using 

a Bruker Matrix MG01 FTIR for measuring ammonia, and 

hydrogen using ABB Advanced Optima with Caldos25. 

The extraction pipes were heated to avoid formation salt 

precipitation. Estimations of ammonia based on the 

pre-installed hydrogen sensors was performed. 
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Table 1 Summary of trials performed in the project. There was a 

difference in NH3 flow from the mass flow regulators (MFR) and 

flow measured by traditional flowmeters located directly after the 

MFR´s. Measured NH3 process flow from flowmeters is shown 

within brackets. 

Time N2 

[m3/h] 

NH3 

[m3/h] 

CO2 

[m3/h] 

Tot.gas 

[m3/h] 

Comments 

07:55 20 0   0 20 Flush 

10:55 6 5 

(5.75) 

 11 Trial 1 

A. 

11:23 5 5 

(5.75) 

 10 B. 

11:53 4 6  

(7) 

 10 C. 

12:04 20 0 0 0 Trial 1 end 

12:46 10 0 0 0 Flush 

sensor 
14:48 0 9 (10)  9 Trial 2.A 

15:12 5 5 (6)  10 B 

15:36 4 5 (6) 0.5 9.5 C 

15:54 20 0 0 20 Trial 2 end 

 

3. Results and discussion 

From Figure 1, comparison of measured values from 

TDLAS during the first quarter of trial 1 corresponds well 

with FTIR extractive analysis. The fact the TDLAS value 

increases faster could very well be due to the measuring 

setup of the FTIR instrument. Extraction point for gas on 

furnace for FTIR instrument was not optimal. Gas 

circulation between gas extraction point and furnace 

chamber was questionable and can be the reason for 

difference between measured values in the early phase of 

trial 1. 

 

 
Figure 1: Comparison of analyzed ammonia values 

from FTIR and TDLAS together with calculated value 

from H2-sensor. 

 

In the final part (C.) of Trial 1, TDLAS did not seem to 

capture the change in NH3 content well. FTIR instrument 

reacted to the change in NH3 process flow from 50 % to 

60 % but TDLAS only registered a slight increase in 

measured NH3 content. This could however be an effect of 

contamination of the instrument. 

In Trial 2, FTIR and the hydrogen sensor could be 

compared. As can be seen in Figure 2, the hydrogen 

measurements are identical. 

 

 
Figure 2: Measured hydrogen content from FTIR and 

H2-sensor. 

 

Measured ammonia from FTIR and calculated ammonia 

from hydrogen sensor, from trial 1 & trial 2 is shown i 

Figure 3. As can be seen, the calculated ammonia value in 

most cases underestimates the ammonia content. The same 

can be said about rN when comparing values based on 

H2-sensor and FTIR respectively in Figure 4. This 

discrepancy indicates the value of having actual, measured 

ammonia content and not only to rely on indirectly 

estimated values.  

 
Figure 3: Comparison of NH3 based on values from 

FTIR (measured) and H2-sensor (estimated) 

respectively. 

 

Comparing the calculated ammonia and corresponding 

rN-value it is highly dependent on process flow of N2 and 

NH3, change in flow results in instant change in NH3 and rN. 

The furnace atmosphere will change gradually and strive 

for a state of equilibrium with furnace chamber, 

components, and load carrier. Another factor that influences 

calculated NH3 content is the MFR. As noticed in the trials 

there was a difference in process flow of NH3 from MFR 

and flowmeter. It is important to calibrate and verify flow 



readings from MFR and make sure process pressure of NH3 

and N2 is according to specification of both MFR and 

flowmeter. 

 

 
Figure 4: Comparison of rN based on values from FTIR 

and H2-sensor respectively.  

 

When a nitrocarburizing process has finished the furnace 

is cooled down in order to protect the threated component 

from de-nitriding or oxidation. During this stage, about 20 

m3/h nitrogen is used which most likely should result in an 

ammonia content close to zero after only a few minutes. 

However, according to Figure 5 below, the measured 

ammonia content decreased quickly in the beginning, but at 

about 5 % NH3 the decrease slow down dramatically. The 

time needed to go from 5% NH3 to 0.7 % was more than 10 

hours. According to the manufacturer this is caused by 

residual NH3 in the measuring wafer and can likely be 

solved by performing a “blow back” with nitrogen after 

each heat treatment cycle. 

 

 
Figure 5: Measured NH3-content. When NH3 additions 

halts and the contains no NH3, the measured NH3 

content rapidly decreases to about 5%. A subsequent 

decrease to 0.7% took an additional 10 h. 

 

3. Conclusions 

Ammonia measurements performed by the TDLAS 

sensor showed good agreement with by FTIR, indicating 

it’s potential for in-situ monitoring. The experiments also 

shows that there is a large difference between actual, 

measured NH3 content, and NH3 estimated from measured 

H2 from pre-installed hydrogen sensor. In order to control 

the furnace by e.g nitridation potential, measured NH3 is 

preferred. 

When NH3 flow was decreased drastically, the TDLAS 

sensor was slow in reaching low values (below 8% NH3). 

This is believed to be possible mitigate by installing a N2 

blow-back system that cleans the sensor. No ammonium 

carbamate was deposited in the measuring head. The sensor 

was placed in a position where the gas temperature was 

rather low witch is believed to be the major cause of the 

measurement problems during the experiments. Removing 

of the cooling fins reduced the problem significantly.  
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