Saeed Farrokhpay 
email: saeed.farrokhpay@univ-lorraine.fr
  
Lev Filippov 
  
Daniel Fornasiero 
  
Pre-concentration of nickel in laterite ores using physical separation methods

Keywords: Nickel laterite, gravity separation, magnetic separation, saprolite, limonite, Falcon concentrator

Nickel is an important metal globally with a consumption of about 2 million tons per year. This is supplied from both sulfide and laterite ores, but currently laterites are becoming more attractive for nickel production due to the depletion of high grade nickel sulfide ores. Laterites are generally processed through hydro or pyrometallurgy and therefore, pre-concentration of nickel before such processes is very important.

This paper examines the effects of different physical methods on pre-concentration of nickel in laterite ores. The effect of ore mineralogy on choosing the best strategy to upgrade nickel will be discussed. The findings of this project will help to unlock a substantial volume of nickel with significant value from laterite ores.

Introduction

Nickel is an important metal with a total global consumption of about 2 million tons per year which has grown rapidly during the past decades [START_REF] Insg | The world nickel fact book, International Nickel Study Group, Available online at insg[END_REF]. Nickel is supplied from both sulfide and laterite resources. The majority (about 70%) of the world's nickel resources occur as laterite ores which are often complex and low grade, and therefore expensive to treat using conventional methods [START_REF] Xu | Effect of nickel laterite agglomerate properties on their leaching performance[END_REF]. This is usually done via high pressure acid leaching which consumes large amounts of sulfuric acid at elevated temperature and pressure [START_REF] Jha | Hydrometallurgical recovery/recycling of platinum by the leaching of spent catalysts: A review[END_REF]. However, recovering nickel from laterites is the only means to maintain the production of nickel as the amount of high grade nickel sulfide ores is dwindling [START_REF] Janwong | The Agglomeration of Nickel Laterite Ore[END_REF].

Therefore processes to improve the economical recovery of nickel from these laterite resources should be developed.

It should be noted that nickel laterite mineralogy is complex, and nickel often is presented as ultrafine inclusions in a number of mineral phases [START_REF] Swierczek | Challenges in the mineralogical characterisation of low-grade nickel laterites[END_REF]. Because of the low nickel concentration and variable distribution in these phases, effective upgrading by physical separation processes is challenging.

Researchers have tried upgrading nickel laterite by physical separation techniques.

However, only minor nickel upgrades have been reported [START_REF] Farrokhpay | Characterization of Weda Bay nickel laterite ore from Indonesia[END_REF]2016;Quast et al. 2015a;2015b). Quast et al. (2015a;2015b) have concluded that the complex mineralogy of nickel laterite ores makes it difficult to achieve any significant nickel upgrading by physical techniques.

Gravity separation is widely used in mineral processing for pre-concentration of high specific gravity rare earth elements (REE) bearing minerals [START_REF] Jordens | A review of the beneficiation of rare earth element bearing minerals[END_REF][START_REF] Dehaine | Experimental investigation into the kinetics of Falcon UF concentration: Implications for fluid dynamic-based modelling[END_REF]. In particular, centrifugal separators, such as the Falcon concentrator, are the most common gravity separators used for the recovery of fine particles [START_REF] Falconer | Gravity separation: old technique/new methods[END_REF]. Gravity separation is sometimes followed by magnetic separation to improve the grade of valuable minerals in magnetic concentrates when they are associated with magnetite particles. For example, in a nickel-cobalt laterite deposit in New South Wales, Australia, gravity separation followed by magnetic separation resulted in upgrading nickel from 0.9% to 1.1% at 57% recovery [START_REF] Aral | Upgrading nickel/cobalt laterites by simple physical means[END_REF]. Furthermore, [START_REF] Muir | Physical beneficiation and bioleaching of acid region nickel laterites[END_REF] demonstrated that in physical beneficiation using gravity, particle size is the key parameter. This work aims to instigate upgrading the nickel content in laterite ores using a combination of physical separation methods. The results will be discussed in conjunction with the mineralogy of the ores.

Materials & experimental methods

Nickel laterite ores with different mineralogies from Asia/Oceania were used in this study. The ores were representative of different laterite zones of a particular mine with different feed grades. The ore samples are labelled as "ore L" (a limonite ore), "ore S" (a saprolite ore), and "ore I" (an intermediate ore) to identify their geological origin.

The QEMSCAN technique was used for mineral identification and classification by using the Energy Dispersive X-ray (EDX) spectra in combination with BSE (Back-Scattered Electron) values of minerals. It was conducted using a FEI Quanta 650F SEM (Scanning Electron Microscope) platform with two Bruker Xflash 30 mm silicon drift energy dispersive X-ray detectors. iMeasure v. 5.2 was used for the data acquisition and iDiscover v. 5.2 was also used for the spectral interpretation and data processing. The Particle Mineralogical Analysis (PMA) measurement mode was used to collect X-ray data every 2.5 μm across the polished sample surfaces, with X-rays acquired at a total of 2000 X-ray counts per spectrum. The mineral quantifications were calculated by means of surficial proportions of each mineral and their assumed densities Diffuse reflectance (DRIFT) spectra were recorded with a 2 cm -1 spectral resolution using a Fourier-transform infrared spectrometer (BRUKER IFS 55) equipped with a large-band mercury cadmium telluride (MCT) detector cooled at 77 °K and associated with a diffuse reflectance attachment (Harrick Corporation). Sample preparation involves mixing 50 mg of the sample with 320 mg of KBr. The infrared spectrum of each sample is an average of 200 scans.

Magnetic separation was performed using a modified Jones Wet high intensity magnetic separator (WHIMS). A background field intensity of 15,000 to 20,000 gauss could be achieved with this type of separators. The slurry feed is introduced into the magnetic matrix which is contained in a stainless steel ring moving at a controlled speed between the poles of the powerful stationary electromagnets.

Excellent performance on even weakly magnetic materials, high magnetic field intensity, middling splitter setting are the key feature of WHIMS [START_REF] Das | Magnetic Separation -Principles and Application in Beneficiation of Iron Ores[END_REF]. A slurry containing 100 g of ore in 1 L of water (10 wt%) was prepared for magnetic separation. The magnetic part was initially separated using a current of 2 A (~ 6000 gauss), then the middling and tail were mixed and were further processed at 10 A (~ 16000 gauss).

A Falcon L40 laboratory model (Sepro Mineral Systems, Canada) was used for gravity separation. This gravity concentrator is often used to concentrate gold or heavy minerals. However, it has been also used to separate pyrite from coal [START_REF] Ibrahim | Separation of pyritic sulfur from Egyptian coal using Falcon concentrator[END_REF], beneficiation of rare earth elements [START_REF] Filippov | Rare earth (La, Ce, Nd) and rare metals (Sn, Nb, W) as by-products of kaolin production -Part 3: Processing of fines using gravity and flotation[END_REF] and tungsten and tin bearing minerals [START_REF] Dehaine | Experimental investigation into the kinetics of Falcon UF concentration: Implications for fluid dynamic-based modelling[END_REF]. The Falcon concentrator consists of a cylinder-conical bowl which rotates around a vertical axis. The bowl's rotation generates a centrifugal force which can reach 300 times the gravity. The bowl alimentation is located at the bottom center of the bowl. A propeller located at the bottom of the bowl sprays the pulp on the wall. The pulp will then form a very fine film inside where sedimentation begins. The heavy particles will move towards the wall of the bowl and will remain trapped in the bowl's riffles while light particles are initially constraint in the upper layer of the film, and then they are ejected due to overflow. The densities of the nickel bearing minerals in the tested laterite ores are relatively close, but they are still different and may be separated via density separation. For example, the Fe based minerals (i.e. siderite, hematite, magnetite, and goethite) have a density of about 4.0-5.0 g/cm 3 while silicate minerals (i.e. serpentine, quartz and feldspar) have a density of around 2.5 g/cm 3 . The Falcon's operating parameters are rotation speed, solid% and particle size [START_REF] Dehaine | Experimental investigation into the kinetics of Falcon UF concentration: Implications for fluid dynamic-based modelling[END_REF][START_REF] Kroll-Rabotin | Fluid dynamics based modelling of the Falcon concentrator for ultrafine particle beneficiation[END_REF]. Several tests were performed in order to optimize these parameters prior to the separation experiments. For 200 g sample, the best experiment conditions were found to be at 10% solid, fluid pressure of 2 PSI and rotary speed of 75 Hz.

Results and discussion

Mineralogy of the laterite ores samples

The QEMSCAN (Table 1) shows that ore S is composed of serpentine, goethite, siderite, spinel, quartz, olivine and clays (nontronites and saponite), and nickel is mainly associated with serpentine, goethite and clays. On the other hand, ores L and I contain mainly spinel, goethite and quartz, with less concentration of serpentine, olivine, and clays. Nickel is mainly associated with goethite in ores I and L. The size fraction of <300 μm in this project was only examined due to the ore supplier preference. This size fraction corresponds to a P80 of about 140 μm. The chemical assays of the laterite samples are provided in Table 2. The nickel head grade of ores L, I and S (at <300 μm size fraction) was found to be 1.2%, 1.1%, and 3.0%, respectively. Nickel was found, more or less, at the same grade in all size fractions in these laterite ore samples. These results are in agreement with the QEMSCAN analysis (Table 1) showing that goethite is in larger quantity in ore L. In addition, ore I has the highest proportion of Mg, Al and Cr elements. The infrared spectra of the ore samples in Fig. 1 show some similarities, as expected from their comparable mineral composition, with similar peaks position but at different intensities. In the higher wavenumber region, the peak at 3684 cm -1 is stronger in the ore S than in ores L and I samples. This is due to stretching vibrations of outer hydroxyl groups coordinated to metal ions such as Mg or Al [START_REF] Farmer | Infrared absorption spectrometry in clay studies[END_REF][START_REF] Mellini | Insights into the antigorite structure from Mossbauer and FTIR spectroscopies[END_REF][START_REF] Foresti | Asbestos health hazard: a spectroscopic study of synthetic geoinspired Fe-doped chrysotile[END_REF][START_REF] Liu | Characterization and leaching behavior of lizardite in Yunjiang laterite ore[END_REF]. The very broad peak at around 3200 cm -1 attributed to water adsorbed on the minerals (Prost and Chaussidon, 1969;Sposito et al., 1983) is stronger in the ore I than in ores L or S samples. The peak at 2507 cm -1 is only observed in the S and L samples and is attributed to the combination bands of CO3 vibrations associated with, for example, Zn, Ca and Mg [START_REF] Foresti | Asbestos health hazard: a spectroscopic study of synthetic geoinspired Fe-doped chrysotile[END_REF][START_REF] Chukanov | Infrared Spectra of Mineral Species: Extended Library[END_REF]. In the intermediate wavenumber region, several peaks are present: peaks between 1991 and 1804 cm -1 are mostly in the ore L sample and are combination bands of CO3 vibrations [START_REF] Farmer | Infrared spectroscopy in mineral chemistry[END_REF]Okazaki, 1983;[START_REF] Van Olphen | Data Handbook for Clay Minerals and other Nonmetallic Minerals[END_REF]; the peak at 1632 cm -1 due to OH or CO3 vibrations has similar intensity in the three spectra [START_REF] Motlagh | Synthesis and characterization of nickel hydroxide/oxide nano particles by the complexationprecipitation method[END_REF]; the peak at 1443 cm -1 due to the ν3CO3 [START_REF] Dubrawski | Examination of the siderite-magnesite mineral series by Fourier transform infrared spectroscopy[END_REF]) is stronger in the ore L than in the ore S sample and it is not present in the ore I sample. In the lower wavenumber region, a peak at 1034 cm -1 is found in all samples; it is flanked by three smaller peaks at 1113, 914 and 868 cm -1 , particularly visible in the ores I and L samples. These peaks and those at 800 and 644 cm -1 are all attributed to the Si-O vibrations [START_REF] Lippincott | Infrared studies on polymorphs of silicon dioxide and germanium dioxide[END_REF][START_REF] Hofmeister | Quantitative infrared spectra of hydrosilicates and related minerals[END_REF][START_REF] Foresti | Asbestos health hazard: a spectroscopic study of synthetic geoinspired Fe-doped chrysotile[END_REF]. Peaks at 868 and 739 cm -1 are attributed to the CO3 vibrations [START_REF] Dubrawski | Examination of the siderite-magnesite mineral series by Fourier transform infrared spectroscopy[END_REF][START_REF] Regnier | Mechanism of CO3 substitution in carbonate-fluorapatite; evidence from FTIR spectroscopy, 13C NMR, and quantum mechanical calculations[END_REF].

The infrared results have confirmed the presence of carbonate minerals in these ores.

However, the carbonate component in the ore I sample is either absent or very low (compared to that in the other two ores). The carbonate IR peaks indicate the presence of metal carbonates, such as Fe, Mg and/or Mn carbonates. Siderite (FeCO3) was identified by QEMSCAN (Table 1) in these three ores, and it could be removed using magnetic separation as it is the only magnetic mineral apart from hematite and goethite identified in the ores. Wavenumbers (cm -1 )

Absorbance

Results in Table 3 show that upgrading nickel (20%) was only obtained with ore S using magnetic separation. This is similar to the results reported for upgrading nickel from 1.4% to 1.7% for a Greek serpentinic nickeliferous laterite [START_REF] Agatzini-Leonardou | Beneficiation of a Greek serpentinic nickeliferous ore, Part I. Mineral processing[END_REF]. Of course, upgrading nickel using magnetic separation highly depends on the ore mineralogy and mineral liberation, and if nickel is associated with magnetic minerals. Table 3 also shows that the percentage of iron increases (by ~70%) in the magnetic product for ores S and I, but not for ore L. On the other hand, more silicon bearing minerals report to the non-magnetic product for ores L and S.

Therefore, it was possible to partially upgrade nickel for ore S but not for the other two ores (i.e. L and I samples). The recovery of nickel largely followed the mass percentage for all tested ores. Therefore, magnetic separation seems not to be feasible for upgrading nickel in these cases. An interesting aspect of the magnetic separation of ore S (and partially ore I) is the enrichment of Mn in the magnetic concentrate. The amount of Mn was increased about 4 times from 0.4% and 0.2% in ores S and I, respectively, to 1.6% and 0.8% in the magnetic concentrates. The amount of Mn in the corresponding tails is more or less zero. SEM and EDS analyses indicate that Mn is present mainly in siderite and goethite.

Figure 2 shows the XRD diffractogram of ore S, as well as its magnetic separation products (i.e. magnetic concentrate at 2 A, and tail). The major change in the XRD diffractogram of the feed after magnetic separation is a large decrease in the magnetic concentrate of peaks at 14 o (kaolinite), 25 o and 31 o (quartz), and in the magnetic tail at 37-38 o (siderite/hematite) [START_REF] Andrade | Iron ore classification by XRD-Rietveld and cluster analysis[END_REF][START_REF] Baldauf-Sommerbauer | Sustainable iron production from mineral iron carbonate and hydrogen[END_REF].

This indicates that iron oxide minerals such as siderite/hematite are reporting to the magnetic concentrate while silicate minerals are found in the tail, in agreement with results in Table 3.

Upgrading nickel after magnetic separation of ore S may be therefore attributed to the removal of siderite/hematite, which is magnetic but not associated with nickel (QEMSCAN analysis showed that nickel is mainly carried by silicate minerals such as serpentine and clays). This is somehow similar to what has been previously obtained by flotation of the same ore [START_REF] Farrokhpay | Upgrading nickel in laterite ore by flotation[END_REF]. In that study, it was possible to separate other Fe-minerals (associated with nickel) from siderite using hydroxamate collector and upgrade the nickel by about 40% [START_REF] Farrokhpay | Upgrading nickel in laterite ore by flotation[END_REF]. Figure 3 DRIFT spectra of the products of the magnetic separation at 2 A, concentrate and tail, of ore S.

Figure 3 compares the infrared spectra of the magnetic separation products, concentrate and tail of ore S. Several IR peaks are present in the concentrate spectrum but they are absent or show reduced intensity in the tail spectrum. These peaks are at 2507 [START_REF] Foresti | Asbestos health hazard: a spectroscopic study of synthetic geoinspired Fe-doped chrysotile[END_REF][START_REF] Chukanov | Infrared Spectra of Mineral Species: Extended Library[END_REF], 2150 [START_REF] Farmer | Infrared spectroscopy in mineral chemistry[END_REF]van Olphen and Fripiar, 1979), 1804 [START_REF] Farmer | Infrared spectroscopy in mineral chemistry[END_REF]Okazaki, 1983;[START_REF] Ren | Infrared spectroscopic characterization of carbonated apatite: a combined experimental and conditional study[END_REF], 1440 [START_REF] Dubrawski | Examination of the siderite-magnesite mineral series by Fourier transform infrared spectroscopy[END_REF], 868 and 739 cm -1 [START_REF] Dubrawski | Examination of the siderite-magnesite mineral series by Fourier transform infrared spectroscopy[END_REF][START_REF] Regnier | Mechanism of CO3 substitution in carbonate-fluorapatite; evidence from FTIR spectroscopy, 13C NMR, and quantum mechanical calculations[END_REF] which are all related to carbonate vibrations (the 2997 and 2872 cm -1 peaks attributed to hydrocarbon also belong to this category). The IR peaks that are of similar intensity in the concentrate and tail spectra are at 3690 cm -1 (stretching vibrations of outer hydroxyl groups coordinated to metal ions such as Mg or Al [START_REF] Mellini | Insights into the antigorite structure from Mossbauer and FTIR spectroscopies[END_REF][START_REF] Foresti | Asbestos health hazard: a spectroscopic study of synthetic geoinspired Fe-doped chrysotile[END_REF][START_REF] Liu | Characterization and leaching behavior of lizardite in Yunjiang laterite ore[END_REF], 1630 cm -1 (OH or CO3 vibrations), and 982, 798, 630 cm -1 (Si-O vibrations [START_REF] Lippincott | Infrared studies on polymorphs of silicon dioxide and germanium dioxide[END_REF][START_REF] Hofmeister | Quantitative infrared spectra of hydrosilicates and related minerals[END_REF][START_REF] Foresti | Asbestos health hazard: a spectroscopic study of synthetic geoinspired Fe-doped chrysotile[END_REF]). The tail product was sent again to the magnetic separator operating this time at 10 A. The IR spectrum of the magnetic (10 A) concentrate (not shown) is similar to that of the concentrate at 2 A (Fig. 3).

This IR analysis has indicated that most of the carbonate containing minerals have reported to the magnetic concentrate and are therefore magnetic. Siderite (FeCO3)

which is slightly magnetic and has been identified in the QEMSCAN and XRD analyses may be among them (broad IR peaks at 1440 cm -1 and two sharp IR peaks at 868 and 739 cm -1 , http://rruff.info/Siderite/R050349), but also some silicates, and Mg and/or Al oxides because they are found in equal proportions in the products of magnetic separation.

Falcon concentrator

The results of gravity separation using the Falcon concentrator for the three laterite samples are summarized in Table 4. Nickel is upgraded by 17% and 36% for ore S and I, respectively. There is no change in the nickel grade of ore L using the Falcon,

similarly to what was obtained using the magnetic separation. The XRD analysis of the light fraction of the Falcon concentrator for the ore S and I samples is presented in Figure 4. It seems that both particle size and particle density are affecting the separation using the Falcon concentrator. Similar results were more or less obtained in our previous study of ore S via flotation (40% Ni increase at ~70% recovery with hydroxamate collector at pH 10) [START_REF] Farrokhpay | Upgrading nickel in laterite ore by flotation[END_REF]. However, it was not possible to upgrade nickel in the other two ores (i.e. ore I and L) using flotation. In the current work, nickel was upgraded in ore I (sample from the intermediate zone between saprolite and limonite) from 1.1% to 1.5% at 70% recovery. It should be noted that ore I has the highest amount of quartz among the tested samples (Table 1). This should have helped upgrading nickel in this ore using gravity separation. The level of upgrading (about 36%) may not seem large, but it is very important economically since 1.5% is the threshold for processing the nickel laterite ores in the mine where the sample was obtained. This means while it may not be economic to process ore I using conventional methods, about 70% of the ore can be upgraded to an acceptable level by using only the Falcon concentrator.

Figure 4 The XRD analysis of the light fraction of the Falcon concentrator for ores S (top) and I (bottom).

As particle size is an important factor in gravity separation, the products of the Falcon concentrator were further sized by screens at 38 and 80 µm, and the results are presented in Table 5. The size by size analysis results of the Falcon experiments (Table 5) indicate clearly that coarse particles remain in the tailing (as expected) and the majority of the particles are in the fine size fraction, i.e. less than 38 µm, with slightly more nickel.

The products of the gravity separation (Falcon tests) for ore S and I samples were further processed with magnetic separation to see if it is possible to separate magnetic components of both light and heavy minerals (concentrate and tail of the Falcon, respectively). However, results showed only a marginal change in the nickel grade for both ores.

More detailed analysis of the mineralogy and degree of mineral liberation of these ores must be undertaken to understand further the different mineral separation results obtained with these three ores, especially for limonite ore (ore L) which did not respond to the mineral separation techniques used in our studies.

Conclusions

Results of the magnetic separation of ores S and I indicate that iron and manganese bearing minerals are mostly reporting to the magnetic product while a larger proportion of the silicate bearing minerals ends up in the non-magnetic product (tail).

Slightly more Ni bearing minerals report to the non-magnetic product. No mineral separation or Ni upgrading was obtained for the limonite sample (i.e. ore L).

Infrared and XRD analyses of the magnetic separation products of ore S confirm these results and further reveal that the non-magnetic product is almost free of carbonate minerals. Therefore these results point to siderite as the iron magnetic mineral which its removal increases the Ni grade by 20% (nickel is mainly carried by the silicate minerals that report to the non-magnetic product).

Nickel was upgraded in two samples of saprolite and the intermediate zones by gravity separation using the Falcon concentrator. The Ni grade increased by 17% and 36% for the saprolite and intermediate samples (i.e. ore S and I), respectively. The proportion of fine particles in the ores increases after gravity separation. Interestingly, upgrading nickel in the ore I sample resulted an acceptable level of Ni% for this ore for further conventional processes. This can help to unlock a substantial volume of nickel with significant value from laterite ore.

Figure 1 :

 1 Figure 1: Infrared spectra of the three laterite ores: saprolite (S), intermediate (I) and limonite (L).

Figure 2 :

 2 Figure 2: XRD diffractogram of ore S, feed (top) and its magnetic separation products, magnetic concentrate (middle) and tail (bottom). The vertical arrows show the position of peaks with a major change in intensity in each diffractogram.

  

Table 1 :

 1 Composition (%) of the laterite ores mineral components determined by QEMSCAN (<300 μm size fraction).

		Ore S Ore I Ore L
	Quartz	8.0	35.0 10.4
	Olivine	14.4	1.0	1.5
	Serpentine	31.1	2.0	3.5
	Pyroxene/ amphibole	1.0	0.8	0.1
	Clays	12.1	4.1	4.9
	Goethite	28.0 30.2 52.2
	Hematite/ magnetite	0.1	1.0	1.3
	Siderite	2.0	0.4	1.0
	Spinal	3.0	25.1	24

Table 3 :

 3 Summary of the magnetic separation results.

					Grade (%)			Recovery (%)
		Fraction Mass	Ni	Si	Fe	Mn	Ni	Si	Fe	Mn
			(%)						
	Ore S	Feed	100	3.0	8.5	18.4 0.4		
		Mags	60	2.8	5.1	31.0 1.6 53.8 39.9 78.

Table 4 :

 4 Results of gravity separation using the Falcon concentrator.

		Fraction Mass (%)		Grade (%)	Recovery (%)
				Ni	Si	Fe Mn Ni	Si	Fe Mn
	Ore S	Feed	100	3.0 8.5 18.4 0.4
		Light	70	4.1 8.1 16.6 0.3 89.0 66.3 63.8 70
		Heavy	30	1.2 9.6 22.0 0.3 11.0 33.7 36.2 30
	Ore I	Feed	100	1.1 10.8 19.4 0.2
		Light	50	1.5 11.0 17.4 0.2 68.0 51.2 43.6 50
		Heavy	50	0.7 10.5 22.5 0.2 32.0 48.2 56.4 50
	Ore L	Feed	100	1.1 4.0 43.3 0.5
		Light	80	1.1 3.9 44.3 0.5 80.0 78.0 80.4 80
		Heavy	20	1.1 4.0 41.9 0.4 20.0 18.0 19.6 20

Table 5 :

 5 The analysis of the different size fractions of the Falcon products.

		Size (µm)	Feed		Falcon light fraction Falcon heavy fraction
			Mass% Ni%	Mass%	Ni%	Mass%	Ni%
	Ore S	80-300	27	2.5	6	3.7	43	1.3
		38-80	30	2.6	19	3.7	44	1.2
		<38	43	3.9	75	4.2	13	1.7
	Ore I	80-300	19	1.1	9	1.6	50	0.6
		38-80	28	1.1	27	1.3	30	0.5
		<38	53	1.4	64	1.4	20	0.9
	Ore L 80-300	10	1.2	6	1.6	30	0.6
		38-80	25	1.1	20	1.3	30	0.5
		<38	65	1.1	74	1.4	40	0.9
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