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Abstract: In light of the world’s search for new, clean and sustainable sources of energy, and the trend towards (renewable energy) that 

mainly depends on what has become called green technology) (mainly derived from air and the sun), the problem of the need for modern 

technologies has emerged into rare earth elements whose prices have increased Significantly (due to the scarcity of existence and the 

difficulty of extraction and monopoly), which negatively affected the cost while increasing the demand for it significantly. Hence, countries 

began to develop strategies for restoration Recycling and manufacturing of these accurate technologies is the strategic importance of these 

elements by using them at the global level as an alternative source of energy in addition to their use in the manufacture of superconducting 

electrical vectors that enter in advanced industries such as phones, hard disks and magnetic resonance devices and the use of analogues of 

these elements in radiotherapy and radar devices. The paper reviews the waste management strategy to avoid or minimize as much 

environmental pollution as possible. The sequence of waste management strategies (and the implications for raising the efficiency and 

productivity of materials and energy) must be followed and applied. It is based on principles: the use of clean production techniques - the 

formation of closed circuits (recycling) - the environmentally appropriate disposal of waste and waste and the establishment of strict 

restrictions to limit exports. The paper reviewed the role of the Sudanese Ministry of Minerals represented by the General Authority for 

Geological Research in developing doctoral and master's research on these strategic minerals and providing the authority's laboratories with 

all techniques to facilitate research methods and exploring these rare elements and promoting them regionally and globally. In conclusion, 

this paper presents a proposal for an Arab strategic plan to develop the exploitation of these minerals and preserve the country's wealth. 
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1. Introduction 
Arare-earth element (REE) or Arare-earth metal (REM) , 

as defined by IUPAC, is one of aset of seventeen chemical 

elements in periodic table, specifically the fifteen 

lanthanide, as well as scandium and Yttrium. Scandium 

and Yttrium are consider rare –earth element s because 

they tend to occur in the same ore deposits as the 

lanthanides and exhibit similar chemical properties. R-

earth elements are cerium (Ce) , 

Dysprosium(Dy),erbium(Er), eroupium (Eu), gadolinium 

(Gd), holmium (Ho) , lanthanum (La) , Lutetium (Lu) , 

neodymium (Nd) , praseodymium (Pr) , promethium (Pr) 

,samarium (Sm) , scandium (Sc) , terbium (Tb), thulium 

(Tm) , ytterbium (Yb) , and yttrium(Y). Despite their 

name , rare-earth element are – with the exception of the 

radioactive promethium- relatively plentiful in Earth
’
s 

crust, with cerium being the 25
th

 most abundant element at 

68 parts per million , or as abundant as copper . They are 

not especially rare, but they tend to occur together in 

nature and are difficult to separate from one another. 

However, because of their geochemical properties, rare-

earth elements are typically dispersed and not often found 

concentrated as rare-earth minerals in economically 

exploitable ore deposits the first such mineral discovered 

was gadolinite, a mineral composed of cerium, yttrium 

iron, silicon and other elements. This mineral was 

extracted from a mine in the village of ytterby in Sweden, 

four of the rare-earth elements bear names derived from 

this signal location. Rare-earth elements became known to 

the world with the discovery of the black minerals 

''ytterbite'' [renamed to godolinite  in 1800] by lieutenant 

carl axel Arrhenius in 1787, at a quarry in the village of 

ytterby Sweden. Rae are divided into two categories ,light 

rare [lanthanum, cerium, neodymium, praseodymium] and 

heavy rare [terbium, europium, lutetium, gadolinium]. 

 

2 Source of Rare Earth Elements: 
The principle source of rare-earth elemens are the 

minerals bastnasite , monazite , and Loparite and the 

lateritic ion-adsorptionclay. Despite their high relative 

abundance , rare-earth minerals are more difficult to mine 

and extract than eguivalent sources of transition metals 

(duein part to their similar chemical properties ), making 

the rare-earth elements relatively expensive. Their 

industrial use was very limited until efficient sepration 

techniques were developed, such as ion exchange , 

fractional ,crystallization and liquid- liquid extraction 

during the late 1950s and early 1960s. 
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Fig (1)  bastnasite (rare earth minerals) 

 

Other source 
For example significant quantities of rare-earth oxides are 

found in tailing accumulate from 50 years of uranium ore, 

shale and lopraite mining at sillamae, Estonia. Due to the 

rising prices of rare earth, extraction of these oxides has 

become economically viable. The country currently export 

around 3.000 tons per year, representing around 2% of 

world production. Similar resources are suspected in the 

western United States, where gold rush –era mines are 

believed to have discarded large amounts of rare earths, 

because they had no value at the time, these rare-earth 

oxides are used as tracers to determine which parts of 

drainage basin are eroding.  

 

Major use and application of rare-earth 

elements: 
Rare-earths are essential in many application, and 

therefore affect arrange of industries in the Canadian and 

global economies,
 ,,

there is dependency on RRE
,,
  some of 

which are absolutely essential to develop clean 

technologies and various electronic applications . To 

illustrate this point , examples of high – technology goods 

that require REE : Hybrid vehicles, rechargeable batteries 

, mobile phones, LCD screens , laptops , wind turbines, 

medical imaging equipment , radar system , catalytic 

convert, alloy that are more corrosion-resistant . New 

demand has recently strained supply, and there is growing 

concern that the world may soon face a shortage of the 

rare earths in several years from 2009 worldwide demand 

for rare-earth elements is expected to exceed supply by 

40.000 tonnes annually unless major new sources are 

developed. 

 

These concerns have intensified due to the 

action of china. The predominant supplier. 

Specifically, china has announced regulation on export 

and a crackdown on smuggling. On September 1, 2009, 

china announced plans to reduce its export quota to 35000 

tons per year in 2010-2015 to conserve scarce resources 

and protect the environment. On august 29, 2014, the 

WTO ruled that china had broken free-trade agreement, 

and the WTO said in the summary of key findings that the 

panel concluded that. The overall effect of the foreign and 

domestic restrictions is to encourage domestic extrication 

and secure preferential use of those materials by Chinese 

manufactures. China declared that is would implement the 

ruling on September 26. 2014 ,but would need some time 

to do so, by january5.2015, china had lifted all quotas 

from the export of rare earth , however export licences 

will still be required. 

 

Recycling 
Another recently developed source of rare earths is 

electronic waste and other wastes that have significant 

rare- earth components .New advances in recycling 

technology have made extraction of rare earths from these 

materials more feasible , and recycling plants are currently 

operating in japan, where there is an estimated 300.000 

tons of rare earths stored in un used electronics .In France 

, the Rhodia group is setting up two factories, in La 

Rochelle and saint- Fons that will produce 200 tons of 

rare.  

 

Mineral resources in the Northern State 

(Republic of Sudan):- 
Northern State has a diverse geology includes all types of 

igneous, metamorphic and sedimentary rocks. The ages of 

these rocks range from late pan African to the Cenozoic. 

The basement rocks are considered as part of the Arabian 

Shield and Africa, which diversity in the rocks. Arabian - 

Nubian Shield extends from the west of the Nile east 

wards to the western Arabian Peninsula. The basement 

https://en.wikipedia.org/wiki/File:RareEarthOreUSGOV.jpg
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      Complex occupies about 50% of Sudan area. The 

information available from previous projects and the 

results of research and mineral exploration expedition 

indicate to the presence of mineralization of gold, copper, 

silver, iron, titanium, chromium. Previous studies have 

shown that the geological conditions and other factors in 

the Northern state correspond to some extent with the 

ideal models recorded regionally and globally. 

 

Rare earth elements methdology  and 

evolution in alkaline  and acidic rock deposit  

Northern Sudan (Elbir area): 
 

methodology 

33 samples(29samples) collected from study area from 

surface and trenches, analysis to determination rare earth 

elements and rare earth  by XRF instrument,  we show 

that in table(1,2,3)  and figure( 2,3,4,5,6,) below, The 

sample included alkaline and acidic rocks in Elbir area 

show that XRD Result(7,8) . 4 samples taken for 

environmental study (2soil sample and 2water sample ) 

show  Table (4,5) . selected sample determination by 

ICPMs  for stable isotopes show  Table ( 4) . In addition  

selected sample determination by gamm rays for radiation 

as environmental impact show  Table( 5) 

 

 

Table (1) Show the result determined according to ( XRF)  methods (Application protrace for rare  elements) 

 
 LOCATION 

ELEMENS 

 

Nb Ta Sn W 

TA3-528-1 1.609  Nd 4.087 5.471 

TA2512-1 11.989 Nd Nd 35.399 

TA4540-3 2.463 Nd 1.477 16.451 

TA4540-4 15.941 Nd Nd 89.030  

TA4520-3 21.196 Nd Nd 64.601 

TA439-3 24.129 Nd Nd 109.448 

TA4540-2 5.466 Nd Nd 26.112 

TA4528-2 2.43 Nd 1.526 5.988 

CH.S.1 3.8 1.261 7.033 4.696 

CH.S.2 1.991 0.633 7.5 9.25 

CH.S.3 0.54 1.02 3.7 6.9 

CH.S.4 2.9 0.8 7.38 5.47 

CH.S.5 1.32 1.01 6.72 7.69 

CH.S.6 1.65 0.89 6.399 11.2 

CH.S.7 0.129 0.95 7.6 37.869 

CH.S.8 0.06 0.8 6.4 2.3 

CH.S.9 1.26 Nd 3.112 10.4 

CH.S.10 1.527 1.5 6.672 1.456 

CH.S.11 2.109 0.8 6.499 2.9 

CH.S.12 1.529 1.94 6.473 1.18 

CH.S.13 8.23 Nd 0.979 74.08 

GABRO 12.88 Nd  Nd 25.2 

CYNIDE-1 22.64 2.6 0.65 23.11 

CYNIDE-2 62.8 8.4 Nd 63 

BH3-8 14.87 2.094 3.267 17.6 

BH3-19 40.8 0.012 Nd 62.29 

BH3-21 67.24 3.78 10.667 6.68 

BH3-20 1.207 Nd 6.498 0.176 

BH3-10 147.88 9.16 14.193 7.67 
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Fig (2) Concentration of rare earths elements in cheap samples 

 

 
Fig (3) concentration of rare element  (Ta, Nb, Sn and w) in trench samples 
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Fig (4) concentration of rare element  (Ta, Nb, Sn and w) in BH samples 

 

 

Table (2) Show the result determined according to (XRF)     methods (Application protrace for rare earth elements) 

 

 Location 

Element 
Sc y La Ce Nd Sm Yb 

TA3-528-1 3.185 5.403 48.555 18.222 7.671 4.337 ND 

TA2512-1 64.135 65. 330 25.397 128.211 77.975 9.43 ND 

TA4540-3 9.07 23.457 144.634 56.055 38.706 3.765 ND 

TA4540-4 29.998 50.881 243.651 215.478 
138.458 

 
11.443 ND 

TA4520-3 ND 159.139 154.799 590.343 387.395 75.848 ND 

TA439-3 28.116 2.966 49.947 36.824 9.359 ND ND 

CH.S.1 7.76 12 26.099 57.539 28 3.736 ND 

CH.S.2 31.55 11.303 5.789 12.9 6.3 2.3 ND 

CH.S.3 12.9 13.945 6.23 5.99 3.744 1.83 2.94 

CH.S.4 6.02 6.4 22.247 45.88 15.49 2.08 4.126 

CH.S.5 10.9 29.69 10.88 13.755 11.08 ND ND 

CH.S.6 20.57 26.2 8.1 10.141 6.237 ND ND 

CH.S.7 1.88 3 43.32 79.03 33.58 9.2 ND 

CH.S.8 0.959 1.23 ND ND ND ND ND 

CH.S.9 1.89 16.72 0.8 11.83 4.42 1.97 ND 

CH.S.10 5.629 3.88 3.056 7.87 2.7 0.55 ND 

CH.S.11 18.2 4.22 6.24 10.78 5.366 2.75 ND 

CH.S.12 18,8 3.83 7.2 14.4 2.79 1.36 ND 

CH.S.13 52.8 20.646 34.107 ND 0.3 0.3 2.7 
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Fig (5) concentration of rare earth elements  in trench samples 

 

Table (3) Show the result determined according to (Flame        photometer) methods trench sample 

LOCATION 
ELEMENS 

SC Y La Ce Nd Sm yb 

GABRO 18.2 13.016 57.5 31.8 15.64 1.55 ND 

CYNIDE-1 18.8 14.2 90.4 39 15.64 4.68 ND 

CYNIDE-2 52.8 10.375 239.79 53.5 15.64 ND ND 

BH3-8 16.35 11.5 54 19.6 15.64 2.79 nd 

BH3-19 28.208 6.615 157 31.4 15.64 Nd nd 

BH3-21 5.96 54.42 84.05 156.89 15.64 14.588 nd 

BH3-20 ND 16.891 8.79 10.98 15.64 2.95 5.51 

BH3-10 2.02 88.076 130.47 248.76 15.64 21.16 2.22 
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Fig (6) Concentration of rare earth elements  in BH samples
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      Table (4) Show the result determined according to (ICP Ms) methods 

(Isotops) 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

XRD result 

 
Fig(7) 

 

182W 181Ta 118Sn 93Nb 172Yb 147Sm 146Nd 140Ce 139La 89Y Designation 

ppm Ppm ppm ppm ppm ppm ppm ppm ppm ppm  

0.25 2.00 3.17 21.45 0.30 0.76 3.449 5.262 2.153 1.954 TA4-39-2 

0.97 0.31 1.61 4.41 1.21 7.66 36.28 55.52 20.06 19.11 TA4-540-3 

0.35 0.53 1.92 16.91 0.84 2.85 13.29 20.77 8.153 8.714 BH3-8 

3.23 6.09 9.20 143.70 6.88 16.81 92.18 225.8 99.69 71.23 2Cynide 

3.42 1.64 9.20 147.30 6.42 16.22 89.42 217.5 96.66 66.78 Cynide 

0.70 0.06 1.56 7.06 0.62 1.46 8.015 17.27 7.16 5.406 ATD 

0.09 1.78 1.86 17.96 0.83 3.16 14.63 22.61 8.707 9.079 BH3-19 

0.42 0.56 3.07 6.88 6.53 41.82 207.5 319.5 113.8 119.7 Ta3-520-3 

0.64 0.25 1.55 3.99 0.46 2.03 11.32 25.36 11.13 4.752 TA3-528-1 

0.40 0.09 1.17 4.09 0.89 3.80 18.2 29.2 11.97 10.62 TA3-528-2 

0.16 0.32 1.40 3.21 1.95 14.29 67.67 105.9 34.12 36.79 TA4-540-1 

0.87 0.17 1.22 5.35 1.30 8.21 38.88 59.14 20.3 19.04 TA4540-3 

0.18 0.93 1.17 11.12 3.80 19.08 88.44 147.5 54.03 50.84 TA2-12-3 

 
0.19 

0.54 1.17 13.66 3.67 18.71 86.63 145.2 53.26 50.14 TA2-12-

3BIS 

3.15 0.16 4.67 17.03 2.15 5.02 25.92 67.52 28.64 18.69 OREAS 
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Fig(8) 

 

Environmental consideration 
 

 
 

False-colour satellite imagine of the Bevan obo mining district, 2006[ is a mining town in the west of inner Mongolia, people's 

republic of china. It is under the administration of Baotou city more than 120 km to the south] Mining, refining, and recycling 

of rare earths have serious environmental consequences if not properly managed .A particular hazard is mildly radioactive 

slurry tailings resulting from the common occurrence of thorium and uranium in rare-earth elements ores . Additionally, toxic 

acids are required during the refining process improper handling of these substances can result in extensive environmental 

damage earth a year from used fluorescent lamps, magenta and batteries. 

 

 

 

 

https://en.wikipedia.org/wiki/File:Baiyunebo_ast_2006181.jpg
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      Table (5)Show the result determined according to gama rays methods. 

 
 Sample NO. K40 Bq/kg Ra226 Th232 

2Cyinte 21 0.02 5 0.05 4.1 0.04 

CH.S.6 40 0.09 2.5 0.15 ND 

BH3-19 43.5 0.4 1.32 0.07 ND 

BH3-8 32.5 0.03 1.48 0.07 1.64 011 

Gabro 02 207 0.02 0.77 0.09 0.71 0.18 

MM01 41.6 0.04 2.13 0.06 2.06 0.08 

MM02 ND 15.9 0.07 9.5 0.06 

MM04 245 0.03 12.8 0.06 28.9      

CH.S.9 153 0.05 ND ND 

CH.S.1 290      15.8 0.06 11.4 0.07 

CH.S.2 154 0.02 2.56 0.06 4.67 0.06 

CH.S.3 52 0.06 1.28 0.12 ND 

CH.S.4 338 0.04 4.5 0.1 10.5 0.1 

CH.S.5 84 0.05 2.19 0.1 1.82 0.09 

CH.S.9 1.87 0.1 7.1 0.05 1.87 0.04 

TA4-540-3 214 0.05 4.3 011 4.8 0.09 

 -3 Um 236 .0.6 3303 .0.0 30 .0.0 
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      Table (6) Show the result ofwater

 
 analysis 

 

Table (7) Show the result ofwater analysis 
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Fig (9) Show the result determined according to sieves analysis 

 

 

Fig  (10) Show the result determined according to sives analysis 

 

Rare-earth pricing 
Rare-earth elements are not exchange-traded in the same 

way that precious [for instance, gold and silver] or non-

ferrous metals [such as nickel, tin, copper and aluminium] 

are instead they are sold on the private markets, which 

makes their price difficult to monitor and track. The 17 

elements are not usually sold in there pure form but 

instead are distributed in mixtures of varying purity e.g. 

''neodymium metal >99% as such, pricing can vary based 

on the quantity and quality required by the end user's 

application 

 

Recommendation 
 The Arab countries should look at their 

geological environments for rare earth 

elements. Perhaps they bring more wealth. 

These elements are very important elements in 

the model technological  industries that are 

indispensable to any industrial country 
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       The policy of the recycling economy in the 

Arab countries has been set up with short and 

long- term goal in recycling and developing 

the recycling industry for recycling and 

encouraging co-existence in the industrial 

sector and managing trade in imported 

environment resources. 

 The allocation of financial resources for 

scientific research and development in the 

fields of energy research, recycling and green 

chemistry, and increasing the efficiency of 

environmental performance and creativity 

though the use of minerals located in the Arab 

region. 

 The ministries of industry, trade and minerals 

should discuss the issue of rare earth elements 

with priority given to Arab investment and 

joint Arab foreign investment…. 
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