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The PyroLIBS system is a next generation technology for pyrometallurgy, capable of continuous and 

instant measurement of chemical compositions for molten materials. The present paper presents the early 

results of its first industrial implementation in a blast furnace runner, for continuous hot metal analysis.  
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INTRODUCTION 

 

Hatch has partnered with the National Research Council of Canada to develop and commercialize PyroLIBS, 

a probe capable of providing continuous, direct, and real-time measurement of molten material chemistry. The 

applications of interest are harsh pyrometallurgical processes above 1000 °C, including a variety of 

applications in the iron & steel value chain. Coupled with the appropriate process control philosophy, PyroLIBS 

is expected to provide significant improvements to a variety of processes, in the form of productivity increases, 

material and energy savings, and more. This paper provides an overview of the first industrial application of 

the PyroLIBS system in an operating blast furnace runner.  

 

BACKGROUND 

 

There is a significant interest in advanced process models, particularly those powered by AI, to improve 

modern pyrometallurgical process performance. However, these models are only as good as the information 

they are fed. As pyrometallurgical vessels are essentially large chemical reactors, one area where accurate 

and timely information is useful is in the determination of chemical compositions, particularly of molten metal 

and slag. However, the measurement of molten material is challenging, owing to harsh process conditions 

where temperatures on the order of 1500 °C are often encountered [1]. 

 

Despite these challenges, several methods exist to measure molten material composition. The most common 

is manual sampling and analysis, where a molten sample is cooled, prepared, and measured using standard 

laboratory equipment. This method has several drawbacks. Firstly, it is not instant, as it typically takes several 

minutes [2] to a few hours for a sample result to be known, depending on available plant resources, and the 

relative importance of such a measurement for operations. Secondly, the measurement is not continuous, as 

operators must choose discrete points in time to take samples. Thirdly, manual sampling exposes workers to 

extreme conditions to collect samples, posing safety risks. 

 

Other common methods for molten chemistry measurements use indirect means. These methods track a proxy 

that is simpler to measure, such as temperatures or off-gas compositions, and relate the proxy back to the 

molten material, using known relationships [3]. The benefit of such an approach is that a real-time data stream 

can be established. However, such methods can only measure certain elements, as not all elements will have 

a link to a proxy. Further, as these methods often rely on assumptions to link proxy and measurement, they 

can lack accuracy compared to direct measurement. For example, linking an off-gas proxy with a molten metal 



measurement, through a thermodynamic equilibrium assumption, introduces error by ignoring kinetics. 

 

There does exist a technique that can provide direct and real-time measurement of molten material 

composition: laser-induced breakdown spectroscopy (LIBS). The basis of LIBS is well known: a laser is 

focused on a very small target for a short period of time, momentarily heating the molten material to very high 

plasma temperatures. As the plasma cools down, it emits radiation, which is analyzed like other spectroscopic 

methods [4]. While LIBS itself is well established in industry, especially for analysis of solid materials, its 

application to molten materials remains a technological frontier.  

 

The literature on molten LIBS measurement contains a variety of approaches. In some, the laser pulse is 

directed on the top surface of a melt, which is advantageous as it is relatively easy to create a stable plasma 

on a flat surface, allowing for simple measurement [5]. Such approaches are not ideal, as even if slags and 

other floating materials are cleared away, microscopic oxides can still form on the melt surface, leading to non-

representative results. Since each laser shot only vaporizes a tiny fraction of the melt into a plasma state, such 

relatively small oxide layers, which may be invisible to the naked eye, could still add significant errors to the 

measurement. To alleviate this issue, other approaches conduct the LIBS measurement through a lance filled 

with an inert gas and dipped into the melt [6]. Many of these lance-based methods deliberately control the 

pressure inside the lance to keep the measurement surface flat, allowing for simpler and more steady plasma 

generation. Unfortunately, such techniques are also not ideal, as melts can be very heterogeneous, and 

measuring a stagnant surface at the tip of the lance (e.g., a static inclusion) will fail to adequately represent 

the overall bulk chemistry in a timely manner. 

 

Due to the shortcomings with other molten LIBS methods, researchers at the National Research Council of 

Canada (NRC) pioneered a novel approach [7]. As shown in Fig.1, the lance-based approach is modified by 

ensuring that the lance is bubbling, and not stagnant. While more challenging from a LIBS perspective, this 

approach allows for the measurement surface to be rapidly refreshed, resulting in a faster and more accurate 

measurement of the full melt chemistry considering all its heterogeneity. Following development of the bubbling 

LIBS approach, the NRC then partnered with Tecnar to commercialize the technology for molten materials up 

to 1000 °C. Over the last 20 years, Tecnar has installed over 70 Galvalibs units worldwide [8]. More recently, 

NRC and Hatch partnered to commercialize the PyroLIBS probe for molten materials above 1000 °C, with a 

special focus on the iron & steel flowsheet. 

 

 
 

Fig.1  – The NRC’s bubbling lance LIBS method, used by PyroLIBS. 

  

Value to Blast Furnace Ironmaking 

While several benefits exist for the real-time chemical composition measurement of blast furnace hot metal 

and slag, the most important control element is the hot metal silicon, as this is a well-known indicator of the 

blast furnace thermal state. Every blast furnace operator plans to reduce fuel consumption, principally 

metallurgical coke, as much as possible. In doing so, the operator must maintain a residual silicon content in 

the hot metal to be confident that the blast furnace hot metal and slag will always be molten. Decisions to 



control fuel and coke consumption are made based on the hot metal temperature (an indicator of the physical 

condition of the furnace), and the hot metal silicon (an indicator of the chemical status of the furnace). Hot 

metal silicon must be reduced carefully and controlled precisely, as silicon content is directly related to the 

reduction of heat input to the furnace, which can cause a chilling hearth if the furnace is under fueled [1].  

 

Each 0.1% reduction in hot metal silicon is estimated to save approximately 5M USD/year for a hypothetical 

blast furnace with 2M tpy of production, assuming 4kg/tonne-hot-metal savings in coke at the blast furnace [1], 

3.8 kg/tonne-hot-metal reduction in scrap required at the BOF [9], and 9.2 kg/tonne-hot-metal reduction in flux 

required at the BOF [9]. Note: this estimate assumes calculation parameters for a typical operation, not 

parameters that are specific to any particular operation, including the operation at which this probe was piloted. 

 

Real-time measurement will not improve the blast furnace process without a good understanding of how the 

enhanced data will be used to achieve better control, highlighting the importance of pairing the probe with an 

appropriately advanced process control or AI system [1]. This is further addressed in the Discussion section. 

 

BLAST FURNACE PILOT AND RESULTS 

 

To demonstrate the capabilities of PyroLIBS to measure hot metal chemistry, an initial proof of concept test 

was conducted at lab scale. Following this lab scale testing, in-plant piloting was completed on an operating 

blast furnace consisting of two phases: the lance testing phase, and the full probe piloting phase. 

 

Lance Testing Phase 

A variety of lance materials were tested over the course of several months, with the goal of determining a 

minimally viable lance design. Fig.2 shows representative photos of the lance testing phase.  

 

 
 

Fig.2  – The PyroLIBS bubbling lance being tested during the lance testing phase. 

 

The minimally viable lance has several requirements. It must: 

1. Be able to withstand repeated thermal shocks from insertion into, and removal from, the ~1500 °C 

hot metal, with essentially no pre-heating, other than what is required to drive off residual moisture, 

and without using water cooling. 

2. Last at least one week without operator intervention, and inserted into the hot metal 50% of this time. 

3. Be highly impermeable to prevent contamination of the argon gas used in the LIBS measurement.  

4. Not clog during operation. 

5. Withstand reasonable amounts of mechanical stress, which may be expected during operation.  

Through the lance testing phase, a suitable lance material was found to meet all the minimum requirements. 

 

Full Probe Piloting Phase 

Following the lance testing phase, the full probe piloting phase was conducted to demonstrate measurement 

of hot metal chemistry. The probe was installed at one iron trough of an operating blast furnace, above the 



fume collection hoods, with a lance inserted into the hot metal.  

 

The instrument consists of a Q-switched Nd:YAG pulsed laser, providing 300 mJ of energy per pulse, at a 

wavelength of 1064 nm. The radiation emitted by the plasma is collected by optical fibres and analyzed using 

commercially available spectrometers. Specifically for the measurement of Si I at 288.16 nm and Mn II at 

293.31 nm, a Czerny-Turner spectrometer equipped with a 3600 line/mm grating and an intensified CCD 

camera was used. Measurement frequencies between 1 – 2.5 Hz were employed during the pilot. 

 

The full probe piloting phase included two week-long campaigns, separated by a few months. During each 

campaign, the probe demonstrated the ability to withstand the high heat and dusty conditions while making 

continuous real-time measurements. The probe successfully operated for periods of up to 12 hours at a time, 

corresponding to the shift duration of the Hatch and NRC operators.  

 

Manual Sampling Uncertainty Tests 

The PyroLIBS measurements were compared to manual samples taken at the iron trough, and analyzed by 

the blast furnace operations team, using the normally utilized spark OES machine. In general, manual samples 

were taken every 5-10 minutes while the probe was in operation. The analysis of the initial set of manual 

samples taken during the pilot campaign suggested a large degree of measurement uncertainty. 

 

To better understand this manual sampling measurement uncertainty, two tests were conducted, separated by 

a few months. For each test, samples were taken from the same location as quickly as possible (or 

‘simultaneously’), with ~15-30 seconds in between each sample as the sampling rod was swapped. In Test 1, 

10 samples were taken from the iron trough, and 10 samples were taken from the downstream torpedo car 

‘simultaneously’. In Test 2, 16 samples were taken from the iron trough within ~4.5 minutes. Each sample was 

then analyzed via spark OES by the blast furnace operations team. In theory, if there were no sample 

preparation & analysis errors (i.e., human or machine error), if the samples were truly taken simultaneously, 

and if the melt was completely homogeneous, all of the samples should have had the same composition.  

 

As shown in Fig.3 for hot metal silicon, the tests showed a variance in the compositions, compared to the 

mean. When conducting the statistical analyses, this variance, hereafter called the ‘manual sampling 

uncertainty’ was estimated at up to ±2𝜎 = ±0.05% for 95% of data and ±3𝜎 = ±0.08% for 99.7% of the data, 

on an absolute silicon % basis. Even though the testing was imperfect, and the sample size is small, the 

variation points to limitations inherent to manual sampling and analysis accuracy. One known factor that can 

have a significant impact on manual sampling accuracy is precise sample preparation, which is known to be 

particularly challenging for hot metal samples. Difficulty in precise sample preparation hence tends to be a 

source of human error that increases measurement uncertainty. The Discussion section elaborates on the 

implications of this finding for the ability to improve blast furnace control using real-time and direct chemistry 

measurement, compared to manual sampling and analysis. 

 

 

 
Fig.3  – Simultaneous sample testing to understand manual sample accuracy; absolute Si (%) discrepancy with respect 

to the mean is reported for each sample. 2σ and 3σ variances account for an estimated 95% and 99.7% of data. 



Probe Measurement Results 

 

In Fig.4, the PyroLIBS hot metal silicon and manganese analyses are compared against the standard manual 

sample analyses by spark OES. On each plot, two green dashed lines represent the magnitude of the manual 

sampling uncertainty, described above. A strong correlation is observed between the PyroLIBS and spark OES 

results, and the remaining lack of correlation is within the bounds of the manual sampling accuracy. 

 

 

 
Fig.4  – PyroLIBS vs manual samples (analyzed via spark OES) for hot metal Si (left) and Mn (right). 

 
In Fig.5, the measurements of hot metal silicon and manganese are compared over time for two sample casts 

during the measurement campaign. For PyroLIBS, each data point represents a 2-minute average of data. For 

the manual samples analyzed via spark OES, two results are provided by orange triangles and red dots. The 

orange triangles represent the routine manual samples taken at the torpedo car, every ~30 minutes. The red 

dots represent the samples taken at the iron trough for the purpose of the PyroLIBS pilot only, and are not 

routinely taken by operations. 

 

 

 

Fig.5  – PyroLIBS vs. spark OES measurements for hot metal silicon (top) and manganese (bottom) during two casts. 



As shown in Fig.6, PyroLIBS was able to detect slag inclusions in the hot metal. The heat map represents the 

frequency of data points in each region, the Y axis shows the calcium signal, present only in the lime 

component of slag, and the X axis shows the silicon signal, present in both hot metal and slag. Most data 

points describe hot metal measurements with minimum calcium signal. Data emanating from the hot metal 

region tends to increase in both calcium and silicon signal at a roughly fixed ratio, representing the CaO-SiO2 

based slag inclusions.  

 

 

 

Fig.6  – Slag inclusions in the hot metal for one cast. The heat map represents the frequency of data in each region. 

 

The scatter in the data is predominantly because each LIBS measurement analyzes an area, which may have 

a varying mix of slag and hot metal, based on the amount of material vaporized with each laser shot. Hence, 

the nature of the LIBS measurement will lead to scatter in the individual data, which is then reduced by taking 

a very high frequency of measurements, to fully characterize the melt. 

 

Based on past studies, the size of slag inclusions that will make it past the skimmer block have a mean 

diameter of ~60 μm, with an upper bound of ~140 μm [10]. The typical size of the LIBS measurement is about 

100-200 μm [4]. Although there is only a small amount of slag carry-over, given the high frequency of 

measurements, some individual data points inevitably have a high degree of slag signal. For this reason, it is 

anticipated that the measurement of slag chemistry can be done by the same probe, at the same location, by 

a statistical analysis of the laser shots related to slag inclusions. At present, there is not enough data to prove 

this conclusively, as the probe only encountered two zones of slag chemistry during the pilot (i.e., each of the 

two pilot weeks had a roughly constant slag chemistry, slightly differing from the other week). Hence, statistical 

analyses for the accuracy of the probe measurement vs. slag samples at this point is premature, as the 

correlation between two data points will always be perfect or zero.  

 

DISCUSSION: BENEFITS OF REAL-TIME HOT METAL CHEMISTRY ANALYSIS 

 

As previously noted, to achieve the desired benefits, real-time chemistry needs to be paired with the 

appropriate operator knowledge, advanced process control model and/or AI models. Benefits will be discussed 

here for each component of hot metal chemistry that can be measured. 

 

 



Benefits of Real-Time Hot Metal Silicon Measurement 

As noted earlier, every 0.1% reduction in hot metal Si is expected to provide approximately 5M USD/year in 

benefit, by decreasing blast furnace fuel consumption and carbon footprint, with additional savings at the BOF 

shop. This savings estimate uses calculation parameters for a typical blast furnace operation, not parameters 

that are specific to any particular operation. Real-time chemistry enables this careful reduction due to three 

important characteristics.  

 

The first characteristic is the direct measurement on hot metal, which eliminates manual sampling uncertainty 

attributable to sample preparation challenges. The second characteristic is the continuous nature of the 

measurement, allowing for roughly 3 orders of magnitude more sampling than current best practice using 

manual sampling (i.e., 1-2 measurements per second vs. 1 manual sample every ~30 minutes). This massive 

increase in sampling frequency further reduces measurement uncertainty, as it can fully account for variations 

due to both melt heterogeneity, and the natural variations of hot metal silicon throughout the cast [11]. The 

third characteristic is the instantaneous nature of the measurement, which allows for much faster feedback 

control for fuel rate adjustments, at the blast furnace tuyeres. These adjustments impact hot metal silicon on 

the order of minutes, compared to changes made to coke charges at the top of the blast furnace, which take 

on the order of hours to impact the hot metal chemistry. 

 

Since hot metal silicon control at the blast furnace (aided by operator judgement, advanced models etc.) relies 

at the most fundamental level on hot metal silicon measurement, any reduction in the uncertainty of that base 

measurement provides room for further process optimization that was previously unattainable. Compared to 

best practice, real-time direct measurement is believed to allow for a minimum 0.1% reduction in hot metal 

silicon. This estimation is based on the elimination of manual sampling uncertainty, as described earlier, as 

well as the additional benefits attributable to the continuous and instant assessment of hot metal silicon. 

Operating risk is also reduced as operators can react much faster to problematic conditions, reflected by 

changing hot metal silicon levels, such as those conditions that may cause a chilling hearth and problems 

removing slag and hot metal from the blast furnace.  

 

The full range of benefits can be realized by forwarding the chemistry data to the steel shop, averaged for each 

torpedo car, and now with reduced measurement uncertainty. This allows for better flux and scrap addition at 

the BOF, as well as potentially alleviating slopping issues for some operations [1]. 

 

Other Benefits 

With real-time manganese measurement, sampling uncertainty can be reduced, allowing for further 

optimization of where manganese should be added to the process, at the BF as low-cost Mn containing ore or 

at the BOF as higher cost ferro-manganese. With the measurement of slag inclusions in the hot metal, skimmer 

block and hot metal dam performance can be systematically assessed, and refractory maintenance frequency 

better optimized to maximize hot metal and slag separation [10]. 

 

Future Capabilities 

As described earlier, there is a potential to measure slag chemistry (CaO%, SiO2% etc.) via the analysis of 

hot metal slag inclusions, although more data is needed before this can be conclusively stated.  

 

Sulfur measurement is also feasible, allowing for improved blast furnace control and input to subsequent hot 

metal desulfurization before steelmaking [1]. The probe’s estimated sulfur detection limit, based on analysis of 

solid samples, is approximately 650 ppm. Relatively simple means exist to increase the LIBS signal, thereby 

potentially reducing the detection limit to ~200 ppm, which is at a level of interest to blast furnace operators 

[1]. For example, by using more accurate spectrometers compared to the equipment used by the probe, and 

by reducing the distance between the probe head and the hot metal, as the LIBS signal is proportional to the 

inverse square of this distance [4]. 

 

 

 



CONCLUSION 

 

The performance of the PyroLIBS probe has been demonstrated in the blast furnace runner system, for the 

real-time and direct measurement of hot metal silicon, manganese, and slag inclusions. Given the measured 

uncertainty inherent in the manual sampling process, a hot metal silicon reduction of at least 0.1% appears 

possible with the addition of real-time chemistry measurement, compared to current best practices. Other 

benefits include the ability to optimize manganese additions, and the ability to track slag inclusions for 

monitoring of runner system wear and improving refractory maintenance. 

 

With the successful completion of the pilot, the next step is the design and implementation of the first 

commercial system, for use by operations, which will be optimized based on the findings of the pilot. 

 

ACKNOWLEDGEMENTS 

 

We thank Janice Bolen, Peter Badgley, Tony Vaillancourt, Afshin Sadri, Owen Pearcey and Jennifer Woloshyn 

for their key roles in the early stages of this development. 

 

REFERENCES 

 

1. Cameron I, Sukhram M, Lefebvre K, Davenport W. Blast Furnace Ironmaking: Analysis, Control, and 
Optimization: Elsevier; 2020. 

2. Jha NK, Kumar S. Productivity enhanced by straight blows during BOF steelmaking. Steel Times 
International. 2015 August: p. 27-30. 

3. Nirschel W, Stone R, Carr C. Overview of steelmaking process control sensors for the BOF, ladle and 
continuous casting tundish. In AISE Annual Convention and Exposition; 1998. 

4. Cremers DA, Radziemski LJ. Handbook of Laser-Induced Breakdown Spectroscopy: John Wiley & 
Sons; 2006. 

5. Wang Z, Deguchi Y, Shiou F, Yan J, Liu J. Application of laser-induced breakdown spectroscopy to real-
time elemental monitoring of iron and steel making processes. ISIJ International. 2016; 56(5): 723-735. 

6. De Saro R, Weisberg A, inventors; Apparatus and method for in situ, real time measurements of 
properties of liquids. United States patent US 6,784,429 B2. 2004 Aug 31. 

7. Lucas JM, Sabsabi M, Héon R, inventors; Method and apparatus for molten material analysis by laser 
induced breakdown spectroscopy. United States patent US 6,909,505 B2. 2005 Jun 21. 

8. Nadeau A. Verbal discussion. 2025 July. 

9. Trinh M, Pyke N. Strategies for Extending Hot Metal at Dofasco's No. 2 Melt Shop. In AISTech 2004 
Proceedings - Volume I; 2004; Nashville, USA. 

10. Cameron IA, Tudhope JM. Improved Trough Design Using Water Modeling. In 47th Ironmaking 
Conference; 1988; Toronto. 

11. Fedulov YV. Change in the silicon and sulfur content of pig iron during tapping. Metallurgy. 1981;(7): 17-
19. 

 


	Contents
	About 7th ESTAD 2025 
	Copyright
	Committee
	Cokemaking
	89. Innovative Decarbonization Strategies: Thermal dry reforming for enhanced blast furnace efficiency
	108. Impact of iron source and binder type on the mechanical strength and microtexture of ferro-coke
	180. Control of Low Bulk Density Region around Briquette in Briquette Blending Carbonization Process
	233. Adapting to age: Upgrading Coke Oven Machines for sustainable plant longevity
	130. Influence of HDPE addition on microstructure transformation during coking of Australian coking coals

	Sintering and Pelletizing
	235. Practical Sintering Guidance System: Integrating Data-Driven and Transient Models
	140. TRANSinter – Sintering process role in the (partial) transition to the Direct Reduction Route
	487. Advancing towards a competitive and sustainable steel’s life cycle: the role of advanced process control in sustainable iron ore processing
	269. Cold Agglomerated Iron Ore Pellets Industrial Trial – High quality manufacturing and their performance in the Blast Furnace

	Blast furnace ironmaking
	112. Implementation of EASyMelt with Ammonia and HBI Charging to Achieve Ultra Low Carbon Ironmaking
	216. AI-Powered Cohesive Zone Optimization: Enhancing Efficiency and Stability in Blast Furnaces
	232. Breaking boundaries: Tata Steel's H Blast Furnace sets new standards
	195. Reducing blast furnace CO2 emissions
	322. Monitoring of blast furnace wall pressure profiles and their relation to process efficiency
	8. Campaign Life Extension of Hot Stoves in Blast Furnace Ironmaking
	109. Deep Learning Model to Predict the Remaining Time to Close Tap-holes for Blast Furnaces
	353. Solid as Iron: Integrated Blast Furnace Control, Optimization, Condition Monitoring, and Simulation
	429. A blast furnace tapping simulator to better understand dead man flotation scenarios
	424. Burden distribution modeling to diagnose blast furnace operations
	256. Industrial Implementation of PyroLIBS for Continuous Hot Metal Chemistry Measurement
	345. Sodium silicate impacts on blast furnace operation
	241. Comparison of laboratory tests and HKM blast furnaces on the reduction and carburisation behaviour of burden materials under coke gas injection
	199. Influence of the mineral gangue on pellets softening melting properties in Blast Furnace
	93. Ecologic and Economic Evaluation of COG Injection and Comparison with other Fuel Gas Injection Systems
	410. Pathways for Sustainable Hot Metal Production from DRI to Support Green Steel Production
	331. Dry Blast Furnace Gas Cleaning: Technology and Operational Experiences
	183. Investigations on hearth refractory and skull
	453. Blast Furnace Hearth Relines From Concept to Construction
	206. Development of a Handheld Low-Frequency Ultrasonic System for Precise Stave Wear Measurement in Blast Furnaces
	63. Development of Degradation Model for Sinter Ore Considering Particle Size Distribution
	09. Different Options of Stove Modernization using Innovative Top Combustion Stove of Kalugin Designgina
	137. Production conditions of porous iron whisker for the gas reforming in CRIP-D ironmaking process

	Direct reduction and smelting reduction
	154. Circored as a Pre-Reduction Step for Low-Grade Iron Ores
	208. Decarbonization of industrial high-temperature processes with an innovative Electric Gas Heating
	284. Enhancing Steelmaking Waste Utilization through Electric Smelting Furnace Technology
	419. Comparative Analysis of CO and H2 Reduction Mechanisms in Electric Arc Furnace Dust
	422. Electric Smelting Furnace Technology for Green Steelmaking
	33. Improving Direct Reduction Operation efficiency through Roller Screen technology
	37. Pellet reducibility index management range for direct reduction plant
	111. Hot DRI Material Gate – A smart product for green steelmaking in a digitalized future
	372. Key measurement technologies for direct reduction ironmaking
	312. Carbothermic reduction of hot rolling sludge by rice husk char with microwave heating
	169. Important aspects to optimise hydrogen enrichment in direct reduction
	144. Experimental and model-based investigations on the influence of iron ore properties on hydrogen-based direct reduction kinetics
	204. The Role of Pre-Oxidation Degree, Particle Size, and Ore Composition in Optimizing Hydrogen-Based Reduction Efficiency of Magnetite Ores
	349. Hybrit Pilot Project: New sponge iron product with unique properties
	260. Smelter technology to close the raw material gap in green steel production routes
	416. Slag Modelling and Design Optimisation for Enhanced Performance in Electric Smelting Furnaces
	12. Investigation of the smelting and carburization behavior of DRI-Pellets under an inert atmosphere using various carburization agents
	31. Reaction behaviour of different carbon sources in FeO containing slags for electric smelting furnaces
	290. Effect of Carbonaceous Material Graphitization Degree on Carburization Behavior in Fe-C Mixture Powder during Rapid Heating
	477. Experiences and lessons learned from Metso’s Outotec pilot DRI smelting tests
	324. Investigation of the reoxidation behaviour of HBI samples produced on a laboratory scale


