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What is the rare earth elementsWhat is the rare earth elements    
TheThe  rarerare  earthearth  elementselements  (REE(REE..s)s)  areare  aa  groupgroup  ofof  chemicalchemical  elementselements  composedcomposed  

ofof  scandium,scandium,  yttrium,yttrium,  andand  1515  lanthanideslanthanides  fromfrom  LaLa    throughthrough  LuLu..    



  

Occurrence and abundanceOccurrence and abundance    

  

  

  

 The rareThe rare--earth elements are not rare in nature. They are found in low earth elements are not rare in nature. They are found in low 

concentrations throughout the Earth’s crust and in high concentrations in concentrations throughout the Earth’s crust and in high concentrations in 

a number of minerals.a number of minerals.  

 In the Earth’s crust, the estimated In the Earth’s crust, the estimated ((∑REEs) ranged from ∑REEs) ranged from 150 150 to to 220 220 ppmppm..  

 Cerium is reported to be more abundant in the Earth’s crust than tin, and Cerium is reported to be more abundant in the Earth’s crust than tin, and 

yttrium and neodymium more abundant  than lead. yttrium and neodymium more abundant  than lead.   

 The rareThe rare--earth elements are found as mixtures in almost all massive rock earth elements are found as mixtures in almost all massive rock 

formations, in concentrations formations, in concentrations from from ten to a few hundred ppm. ten to a few hundred ppm.   

 The basic (or alkaline) rocks contain smaller amounts of rare earths than The basic (or alkaline) rocks contain smaller amounts of rare earths than 

the acid rocks the acid rocks   

  



Abundance of the Naturally Occurring Rare Earth ElementsAbundance of the Naturally Occurring Rare Earth Elements  

ElementElement  Earth crustEarth crust  North American ShalesNorth American Shales        West American  granitesWest American  granites  

ScSc  55  --------  ------  

YY  2828  3535..0000  3131..0000  

LaLa  1818  3939..0000  4949..0000  

CeCe  6060  7676..0000  9797..0000  

PrPr  55..55  1010..3030  1111..0000  

NdNd  2424  3737..0000  4242..0000  

SmSm  66..55  77..0000  77..2020  

EuEu  11..11  22..0000  11..2525  

GdGd  66..44  66..1010  55..8080  

TbTb  00..99  11..3030  o.o.9494  

DyDy  44..55  --------  ----------  

HoHo  11..22  11..4040  11..2222  

ErEr  22..55  44..0000  33..2020  

TmTm  00..22  00..5858  00..5353  

YbYb  22..77  33..4040  33..5050  

LuLu  00..88  00..6060  00..5252  



Application of Rare Earth ElementsApplication of Rare Earth Elements    

REEs are becoming more and more technologically significant due to 

their widespread utility as fine chemicals in modern industry  



Techniques for Measuring Rare Earth ElementsTechniques for Measuring Rare Earth Elements  

 The concentrations of REEs are usually determined by inductively coupled 

plasma-mass spectrometry (ICP-MS), inductively coupled plasma atomic 

emission spectrometry (ICP - AES).  
 

 These techniques require the sample to undergo dissolution or fusion before 

measurement.  
 

 It is difficult-to-dissolve sample e.g. soil and rock. 

 

 Neutron activation analysis (NAA) appears to be an attractive technique for 

determining REEs present in environmental samples; soil, sediments, plants.  



Comparison between analytical methods for rare Comparison between analytical methods for rare 

earth elementsearth elements    
Sample typeSample type  Sample sizeSample size  MultiMulti--

elementalelemental  

Sensitivity Sensitivity 

(L)(L)  

Sensitivity Sensitivity   

(S)(S)  

AccuracyAccuracy  MethodMethod  

S,LS,L  mgmg--kgkg  ++  00  00  ++    

INAAINAA  

S,LS,L  mgmg--gg  00  ++  ++  ++    

RNAARNAA  

SS  mgmg  ++  --  ++  XRFXRF  

LL  mgmg--gg  ++  00  --  AASAAS  

LL  mgmg  ++  ++  00  00    

ICPICP--AESAES  

LL  mgmg--gg  ++  ++  00  00    

ICPICP--MSMS  

L = Aqueous solution     S = Solid    

 +  = Good     0  = Average      -   =  Not so good 



Detection limits of REE in Nanograms by Detection limits of REE in Nanograms by 

various techniquesvarious techniques  

  

  

  

ElementsElements  

  

  

  

XRF XRF   

          

  

  

AASAAS  

  

  

  

INAAINAA  

  

  

  

MassMass      spectroscopyspectroscopy  
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What is neutron activation analysis ?  

 Neutron Activation Analysis (NAA) is a non-destructive technique capable of 

measuring up to 64 elements, many at levels of 1 µg/kg or lower. The sample is placed 

in a flux of neutrons and after cooling time are measured by gamma spectroscopy.   



                                

Applications of the Applications of the NAA NAA Technique        Technique          
  

Neutron activation analysis techniques are widely used in the Neutron activation analysis techniques are widely used in the 

scientific, engineering,  environmental and industrial disciplines scientific, engineering,  environmental and industrial disciplines 

such as :  such as :    

            

 Geological Science Geological Science   

 Semiconductor Materials Semiconductor Materials   

   Soil ScienceSoil Science  

 Environmental RestorationEnvironmental Restoration  

   EpidemiologyEpidemiology  

 Forensic Investigation Forensic Investigation   

 ArchaeologyArchaeology  

 Air Filter AnalysisAir Filter Analysis  

   BiochemistryBiochemistry  



Advantages  of the Advantages  of the NAA NAA TechniqueTechnique  

 Samples for NAA can be liquid, solid, suspensions, or glass. Samples for NAA can be liquid, solid, suspensions, or glass.   

  

 NAA is a microNAA is a micro--analytical method, only a few milligrams of samples analytical method, only a few milligrams of samples 
are required. are required.   

  

 NAA is a multiNAA is a multi--element procedure. More than element procedure. More than 30 30 elements can be elements can be 
measured in a given sample gammameasured in a given sample gamma--spectrum. spectrum.   

  

 NAA is fast in that many samples can be irradiated at a given time NAA is fast in that many samples can be irradiated at a given time 
and counted later on a given decay schedule.and counted later on a given decay schedule.  

  

 NAA is unaffected by the presence of organic material in the sample, NAA is unaffected by the presence of organic material in the sample, 
a significant problem in many types of chemical methods.a significant problem in many types of chemical methods.  



Samples Location 

 

Al-Jalamid phosphate mine in the 

northeast of Saudi Arabia which 

started operation a few years ago, 

is one of the biggest mining 

locations in the Middle East      

region. It is planned to mine 12 

million tons run of mine ore per 

year and produce about 4.5 million 

tons per year of phosphate 

concentrate for the next 20 years    

                                          



Samples PreparationSamples Preparation  

 Thirty Thirty representative phosphate rock samples were collected representative phosphate rock samples were collected 
for investigation and for investigation and analyzed. analyzed.   

  

 Samples Samples are crushed to small pieces using a mechanical are crushed to small pieces using a mechanical 
crusher. Then, the powdered samples are sieved using a crusher. Then, the powdered samples are sieved using a 
standard set of sieves to a diameter range of  less than standard set of sieves to a diameter range of  less than 125 125 
m and greater than m and greater than 63 63 m.m.  
  

 Every powdered sample is shacked using an electric  shaker Every powdered sample is shacked using an electric  shaker 
to be sure that the sample is  homogenized. to be sure that the sample is  homogenized.   

  
  

 Polyethylene capsules filled with Polyethylene capsules filled with 100 100 mg of  powdered mg of  powdered 
samples are irradiated with thermal neutrons at samples are irradiated with thermal neutrons at at TRIGA at TRIGA 
Mainz research reactorMainz research reactor..  
  

  



The gamma-ray spectrometer consists of a HPGe detector 

with its electronic circuit. The detector has the following 

specifications: energy resolution (FWHM) of 1.7 keV at 

1.33 MeV  gamma ray energy line of 60Co, Peak to 

Compton ratio of 65.2, 29 % relative efficiency at 1.33 MeV 

gamma ray energy line of 60Co. Bias voltage is +2000 V. 

The detector is connected to the following components: 

preamplifier, amplifier, ADC converter and MCA.   

 

Instrumentation  



Nuclear properties of the rareNuclear properties of the rare--earth nuclidesearth nuclides  

Stable 

Isotopes 

Abundance  

% 

Activation 

product 

Half-life 

  

- energy, 

 keV 

Detection limit, 

ppm 

La-139 99.9 La-140 40.2 h 1596 0.50 

Ce-140 88.5 Ce-141 32.5 d 145 3.00 

Pr-141 100 Pr-142 19.13h 1575.3 2.60 

Nd-146 17.2 Nd-147 11 d 531 5.00 

Eu-151 47.8 Eu-152 13.3y 1408 0.20 

Sm-152 26.7 Sm-153 47 h 103 0.10 

Gd-158 24.84 Gd-159 18.5h 363.5 1.80 

Dy-164 28.2 Dy-165 2.33 h 94.7 0.20 

Ho-165 100 Ho-166 26.9 h 80.6 0.13 

Tm-169 100 Tm-170 130 d 84.3 0.10 

Yb-168 31.6 Yb-169 32 d 198 0.20 

Tb-159 100 Tb-160 72.1d 86.8 0.50 

Lu-166 2.6 Lu-167 161 d 208 0.05 

Er-170 14.9 Er-171 7.5 h 308.3 0.80 



Irradiation cycles  for Measuring REE by  Irradiation cycles  for Measuring REE by  

Instrumental neutron activation analysisInstrumental neutron activation analysis  

Irradiation Irradiation 

time, h time, h 

        

Cooling timeCooling time  Measuring Measuring 

time, Stime, S  

Measured radionuclideMeasured radionuclide  

  

11  

  

  2 2 hh  

  

500500  

  

165165Dy, Dy, 142142Pr, Pr, 159159Gd, Gd, 171171ErEr  

  

66  

  

2 2 dd  

  

20002000  

  

140140La, La, 166166Ho, Ho, 170170Tm, Tm, 175175Yb, Yb, 177177Lu, Lu, 160160TbTb  

  

66  

  

8 8 dd  

  

20002000  

  

141141Ce, Ce, 147147Nd, Nd, 153153Sm, Sm, 152152EuEu    

PolyethylenePolyethylene  capsulescapsules  filledfilled  withwith  100100  mgmg  fromfrom  thethe  samplessamples  togethertogether  withwith  
standardstandard  referencereference  materialsmaterials  werewere  irradiatedirradiated  inin  thethe  rotaryrotary  specimenspecimen  rackrack  
ofof  thethe  MainzMainz  TRIGATRIGA  researchresearch  reactorreactor  byby  aa  thermalthermal  neutronneutron                                              



 

The average concentration of rare earth The average concentration of rare earth 

elementals in ppm in Hazm Alelementals in ppm in Hazm Al--JalamidJalamid--  

phosphate phosphate samplessamples  

Element Average 

Ce 7.28 

Dy 2.27 

Er 1.88 

Eu 0.44 

Gd 2.26 

Ho 0.60 

La 14.01 

Lu 0.28 

Nd 7.98 

Pr 1.83 

Sm 1.69 

Tb 0.35 

Tm 0.28 

Yb 1.75 

ΣREE 42.89 



 

 
Comparison between the concentration of rare earth elements in Comparison between the concentration of rare earth elements in 

ppm in phosphate ore from different origin ppm in phosphate ore from different origin   

  

Element Florida Morocco Jordon Kola 
El-Jalamid 

Saudi Arabia  

 

Um Waal 

Saudi Arabia  

Hamrawin 

Egypt 

 

El-Sibayia 

Egypt 

  

 

loneseu.,  

2000 

Habashi, 

2005 

Habashi, 

2005 

Habashi,  

2005 
Present study 

La 600 300 92 22 14.83 39.1 31.2 41.6 

Ce 200 180 200 2700 9.25 9.00 43.0 59.3 

Pr 12 10 500 4500 1.83 4.13 6.84 25.5 

Nd 100 90 14 350 < 5 25.0 18.0 30.3 

Sm 85 15 100 1000 0.65 2.60 3.00 2.7 

Gd 50 53 90 250 0.61 0.80 1.10 2.0 

Eu 4 5 50 120 2.26 5.17 6.63 8.72 

Tb 6 6 4 30 < 0.5 0.60 0.90 1.05 

Dy 6 6 6 6 2.49 5.94 6.12 8.05 

Ho 4 4 6 4 0.60 1.56 1.42 1.87 

Er 5 5 4 5 1.88 4.86 4.18 5.63 

Yb 6 6 6 6 1.66 4.70 3.50 4.67 

Lu 5 7 7 7 0.79 1.68 2.03 2.42 



 
 

 



  

  

 The rare earth elements have high cross section for neutrons The rare earth elements have high cross section for neutrons 

therefore, the sensitivity of neutron activation analysis provides  a therefore, the sensitivity of neutron activation analysis provides  a 

powerful tool for analysing rare earth  elements in geological, and powerful tool for analysing rare earth  elements in geological, and 

environmental systems. environmental systems.   
  

  

 As in many cases nuclear techniques might not be available or As in many cases nuclear techniques might not be available or 

might not be sufficiently sensitive, other nonmight not be sufficiently sensitive, other non--nuclear techniques, nuclear techniques, 

such as inductively coupled plasma mass spectrometry (ICPsuch as inductively coupled plasma mass spectrometry (ICP--MS) MS) 

are also used. are also used.   



          THANK YOU 


