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દઇآ earth-ب؇ٞ؇َ ᜨ᜘ܹ༥ ᜨ᜘ܹ݁ رܔᘛٷ؇ ਍ಾ܁ ܔި ۚچٷܭ ሏᇃ݁أڎ ᘛًݠے ᖄᖇ ሏᇃ؇ى
۲ިا ೑ಸ؇ٔ ݁ڎدႤၕر ඖඒ݁ ᗙᗅா஬ اܳـ܁

ዜኞب ୍଺݁ ،ᗳᘑ ؇ّި۲ ݁ިۏިد ڣݠق :؇َா஬ ڣݠق ඖඒ݁ ਜಮ؇ᘛًިں ݆ዜኞ ᜨ᜘ܹ༥ ᜨ᜘ܹ݁ ዜኞب ᖄᖇ دور ᖃྱފ༥ ᗳᘑ ؇૭૩ا ᘙ੕၄ ؇َா஬ اܳـ܁ ܔި ଩଍آف earth-ب؇ٞ؇َ
ᘛۚިٕ؇۔

Ⴄၖ ان ඖඒ݁ series ىިری ඖඒ۲۔ ᗙᗈ؇਍ಸ દઇآ ᗙᗜوا charge ሏሄ اٞ܂ ً ؇݁ިᆇᅦ اور ඖඒ۲ ᗙᗈآ ᘙّ؇ݿ ᘙّ؇ݿ ඖඒ݁ ༥ڎول periodic Lanthanides
ً؇ر ᖃܹ༡ਵਦ ᖄᖇ ዜኞب ᗙᖩ ሏᆦڎ༲ܹچ༟ ඖඒ݁ refining พฆݬٷأ ᜨᜤܳ ๱ངا ᗳᘑ۔ ر۲ٺ؇ ݁ލ؇ًۭ ሏᇭႤၖ ۭٞ رو ሏᆶ؇ܔچ݄چ ᄋᄅۏٴ ،ᗳᘑ ࢻࣖܳٺ؇ آ۲ފٺۭ آ۲ފٺۭ ݿ؇߉߳

ඖඒ۲۔ ᗙᗈߑߨ ᗙᗅد۲ݠا ً؇ر
଩ଜ݁چٷܥٷ ᗙᗅ ඔඒگگො੼ ሏᆧ۔ ܔިނݷ ሏᆧ ᗙᗅா஬ ༡ܭ ᖃٞأ ذر ᗙᖩ ،ᄋᄄ༥ ො੼ڎود พฃٞأ ،ၼၵຖ ৭്׿ود ᄪᄥ٪݁ފ ᗙᗅ ොູگچݑ ሏሄႤၕ ෠ູݠًۭ ॴौर اٞ܂
ᗙᖩ ሏᇃ؇ى ೞೋڢݠ ᗙᖩ ఈః༠ اس દઇآ earth-ب؇ٞ؇َ ᘛّ؇۔ ఈః༠ ۲ިا ᘛًݠا ᖄᖇ ሏᇃ؇ى در݁چ؇ن ᗙᖩ ۏ݆ ඖඒܔ اݿٺأ݄؇ل ඖඒዜኤ ۭዜኤ در ۭዜኤ ሏᆧ آܔފ؇ਜಮڋ
พฆݿܦ ި۲ دور ᖄᖇ دو๤ངے اٞ܂ ܔި ᗙᗅ؇਍ಸ ᄋᄄ༥ ᜨᜤܳ ᗙᖩ દઇآ وہ ިّ ᗙᖩرو َۭ ଩ଜ༰ ሏᆶިܔ ܔި ዜኤިں ா஫ا ᗳᘑ۔ ዜኜٷ۫ٺ؇ ۲ިا ܓᘛݠا ඖඒ݁ ݿ؇ৎ৊؇ت
ًأڎ ᗙᖩ اس دی۔ ݁ڎد ඖඒ݁ ᜨ᜕ᘛرܔ ਍ಾ܁ ܔި ఈః༠ ᗙᗅ اዜኡިں ா஬ رہ در݁چ؇ن ᗙᖩ ዜኤިں :؇৆ছ Ⴄၖم ޗݠح ሏᆧ brace ᗙᗅ ଩଍آف ݁چܥٷྱލࡰࡲ ඖඒ۲۔
ᗙᗅި۲ ً؇਍ಮڋ ᖄᖇ اറദഇݞ آܔފچ݆۠ ᗙᖩ ݁؇دے ᘛٕިس اور ᗙᗅި۲ دا༠ܭ ඖඒ݁ ۚچٷܭ ،ᗙᗅިڑᘛۚ ݿ؇ৎ৊؇ت ᘙ੕၄ ᗙᖩ ሏᇃ؇ى ܔި ଩଍آف earth-ب؇ٞ؇َ ෛ੼ٺܹژ

ߑߨی۔ ሏᇃா஬ රඝچ ሏᆶ؇َّިا ෛ੼ٺܹژ ᜨᜤܳ ᗙᖩ

The separation trick was holding the wet gap narrow
Structure, electrochemistry and calculations support the mechanism from different angles.

UNPINNED CHANNEL
selected light lanthanides
expand the water-rich interlayer
more room changes dehydration,
coordination and binding
neighboring-pair preference
remains modest

MAGNESIUM-PINNED CHANNEL
retained Mg2+ helps keep
the buserite gap narrow
confinement changes dehydration,
coordination and binding
selected neighboring-pair
enrichment increases

EVIDENCE IS ASSEMBLED, NOT FILMED

• X-ray: solid structure • electrochemistry: insertion and
separation

• DFT: hydration and binding
interpretation

Original diagram - The Clean Paper - CC BY 4.0

ᖄᖇ ۋފ؇ً؇ت اور electrochemistry ،ྸอ؇റയೲ พฆݿ؇ۊ ᄋᄅًܹـ ،ඖඒ۲ ඖඒዜኡ movie ሏᇆ؇ৎ৊؇ݿ კა჋݁ ۚچٷܭ pinned ᖄᖇ ݁چܥٷྱލࡰࡲ اور ོྦྷٴྱب พฆݿ؇ۊ ଫଜً؞
دٞܦᘛ؇۔ ඖඒዜኡ راݿب ߓߵاہِ ܔި ૭૜ܹފܭ ሏᇆ؇ৎ৊؇ݿ ىިری ᗙᗅ ᗙᗂݠ෠ູ اٞ܂ ๱ཏܔ ඖඒ۲۔ ොໆ๤๑฽؇ت mechanistic ሏᇿوا ᗙᗅ؇ى ೑ೋިّگ
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ா஬ 4 .5 ா஬ ؇ᘗߓߨ ᖄᖇ 6 .1 ܔި ༟؇݁ܭ ሏᆦاڣݞود ᗙᗅ ֙༢༘ץ໭ ඏ൷ػո۰ اس ඖඒ݁ neodymium، اور lanthanum ۏިڑے، اٞ܂ ᜨᜈܓ ᗙᖸ؇݁آز
ܔި ਍ಾ؇ݿص ᗙᖩ ଩଍آف دوَިں ًأڎ ᗙᖩ ሏᆦڎ༲ܹچ༟ ༟؇݁ܭ ሏᆦاڣݞود ዜኜٷཁ؇۔ ّ܂ 2 .4 ᖄᖇ 5 .1 ۭٞ ඖඒ݁ praseodymium اور Lanthanum دٞ؇۔
ᗙᗅ ݁؇دے ᗙᖸި۲ capture ᄋჳ ᗳᘑ ݁ޚܹص Ⴄၖ 4 .5 ඖඒዜኡ؛ ߙߵۏچں ሏᆶިܔ ݁ޚܹص Ⴄၖ 1 ᗳᘑ۔ ؇ّா஬ ݁ިازَۭ ᖄᖇ ਍ಾ؇ݿص ᗙᖩ ᖃܹዜኜ ᖄᖇ ሏᆦڎ༲ܹچ༟
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دی۔ ߙߵۏچں ٞ؇دہ ز ؇ষচ 4 .5 ߑߵ lanthanum ܔި neodymium ඖඒ݁ ᖃًܹ؇݁گ ᗙᖩ mixture ᗙᖩ ๤ཇوع
؇༥ ؇৆ছ اܳـ܁ ߑߵ ޗިر ݬ؇ف ๤ཡ؜ٷ earth-ب؇ٞ؇َ ۲ݠ اب ᄋჳ ඖඒዜኡ ਊುިت ۭٞ ඖඒ۲۔ ༇຀؇ਐ಻ ሏሄႤၕ ෠ູݠًۭ ଩ଜ༠ พฃ݁أ ᜨᜤܳ ᗙᖩ ۏިڑوں ෛ੼ݱިص ۭٞ

ᗳᘑ۔ ؇൞ിݿ ᗙᗜ ٞگۭ ޗݠ ۭٞ ᄋᄄ༥ ሏᆧ ٞܦލ݆ ଫଓاٞܦފ ݿ؇ྉިܳྡྷث ؇ٞ ،ᗳᘑ Ⴄႆ༰ દઑ ᆇᅦܭ ዜኞ؇ؤ ݁ފܹފܭ ،ᗳᘑ ؇൞ിݿ
دਙਕ۔ ֿٞ ᚙᚆڪᖌڅ څܙ ୹୴ຑ ᆀᄴڲ֔׿ ᖌּۑے ᓵᓸ ᆀᄴոֺ :ᗳᘑ ؇ٕިᘛۚ ඖඒ۴᠃ ᖄᖇ refinery ۊچ؇ل ݁ݯٴިط ᖄᖇ ݿص Ⴄၖ ᗙᗜ؇݁گ

ᗳᘑ ؇ّި۲ ߓߨا ᖄᖇ اٞࡧࡲ ᖃܥ਍಻ દઇآ ඖඒ݁ ሏᇃ؇ى
ytterbium ᖄᖇ lanthanum ᗙᗅ ᖃ݁ޚ؇ܳأ ඖඒ۲۔ ނ؇݁ܭ ᘛً޳ yttrium اور scandium ᘙّ؇ݿ ᗙᖩ lanthanides ඖඒ݁ ๤ཛྷ؇؜ٷ earth-ب؇ٞ؇َ
ࢻࣖل ᖄᖇ ሏᇃ؇آݿ ༡؇ܳب oxidation وہ ᄋჳ ؇৆চ ؇৆ছ ඖඒዜኡ ނ؇݁ܭ ᜨᜤܳ اس ܔި Cerium آز݁؇ᗙᖸ۔ દઇآ ܳچྡྷٺਜಮ؇َ؇ᘛڋ ᗙᗜوا charge ݁ټྟب ً؇رہ ّ܂

৆চ؇۔ ؇ᘛرܔ ༠؇رج ᘛً޳ promethium radioactive ᄋᄅۏٴ ،ᗳᘑ ܳچٺ؇
ඖඒ݁ ۚچٷܭ ਍ಾ܁ ඖඒ۲۔ ᗙᗈ؇਍ಸ shell hydration ா஬ ؇਍ಸ ߙߵོྱص ா஫د ᗙᖩ charge ᗙᖩ اس ݿ؇ৎ৊؇ت ᗙᖩ ሏᇃ؇ى ༰ܹٺ؇۔ ඖඒዜኡ ఈః৆ছا દઇآ ඖඒ݁ ሏᇃ؇ى
ᗳᘑ۔ ؇൞ിݿ ߑߨ ᘛۚިڑَ؇ ؇ٞ ؇਍ೋد ߙߵོྱص دوً؇رہ ۋݱۭ ᘙ੕၄ Ⴄၖ ۭዜኤ ሏᆧ ሏᇃ؇ى اس ܔި દઇآ ᜨᜤܳ ᗙᖩ ᗙᗅި۲ ً؇਍ಮڋ ᖄᖇ ݿޚں ᘛٕިس اور ᗙᗅި۲ دا༠ܭ

ᗳᘑ۔ ሏᇆި۲ ๤ཡۜ݁ٷ ߑߵ دوَިں ݁؇ۋިل ᗙᖩ اردா஫د اور દઇآ ڢچ݄ب ሏᆧ ሏᆶ؇َّިا ሏᆧ اس
ᜨᜈܓ ᗙᖸ؇݁آز m)۔ 10−10 = Å 1) ᗳᘑ ۋݱۭ ارًިاں دس Ⴄၖ metre اٞ܂ اَܥފଫଓوم اٞ܂ ඖඒ۲۔ ᜨᜈܓ ᗙᗕد ඖඒ݁ (Å) اֿږۻજ઄وم اًأ؇د

ᖃᘛّ۔ ᗙᖩ ڢޚݠ Å 1 .7 ᓵᓸ 6 .6 ً ؇ਊೋّگݠ ۊިل hydration ᖃܹዜኜ ᗙᖩ lanthanides
ّ܂ উ႓ၕا ᖄᖇ ݁گ؇م ۭዜኤ repeating اٞ܂ ඖඒዜኤ stacked ሏᆧ اس ৆ছ؇۔ اݿٺأ݄؇ل ،buserite آܔފ؇ਜಮڋ، ଩ଜ݁چٷܥٷ layered آࢻࣖار ᗙᗅ ඔඒگگො੼
آزاد ᘛًݠا ᖄᖇ ሏᇃ؇ى دݿྥچ؇ب، ௤ਤواڢ در݁چ؇ن ᗙᖩ ඖඒዜኤ ᗳᘑ۔ พฆܳچ ᄋᄄ༥ ᘛً޳ ۊިد ۭዜኤ ୍଺݁ ඖඒᘛّ۔ ߑߵ ᖃܹڣ؇ݬ ᗙᖩ اֿږۻજ઄وم 7 .9 ᓵᓸ 6 .9 ً ؇ਊೋّگݠ

ᘛّ؇۔ اֿږۻજ઄وم 9 .6 ᓵᓸ 8 .6 ً ؇ਊೋّگݠ ๤ཛྷف ఈః༠
ඖඒዜኡ۔ ۚچٷܭ ఈఃᘛܔ 9. 7-اَܥފଫଓوم ݁ޚܹص Ⴄၖ ᄪᄥڣ؇ݬ interlayer 9. 7-اَܥފଫଓوم ᗳᘑ۔ ا۲ܾ ڣݠق ۭٞ

2 .11 ً ؇ਊೋّگݠ ᄪᄥڣ؇ݬ ۭዜኤ-to-ۭዜኤ و۲؇ں دٞ؇۔ ؇ཁٷዜኜ ඖඒ݁ ༡؇ܳب ሏᆶި۲ উॻچᘛى ٞ؇دہ ز ،ሏᇿوا ሏᇃ؇ى ٞ؇دہ ز ܔި ݿ؇ۊب ᗙᗅ lanthanides ᖃ۲ܹـܦ ᘙ੕၄
اֿږۻજ઄وم 42 .4 ً ؇ਊೋّگݠ ఈః༠ آزاد Ⴄၖ birnessite، ݿ؇ۊب، ਍ಾ܁ ٞ؇دہ ز ੯੩݁ٺأ ᖄᖇ اس ᘛّ؇۔ اֿږۻજ઄وم 42 .8 ఈః༠ آزاد ً اࢾࣖازا اور اֿږۻજ઄وم

ᘛّ؇۔
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The ion enters with water around it
Approximate dimensions connect hydration and confinement without making a rigid sieve.

HYDRATED ION
first water-shell diameter
6.6-7.1 angstroms
water molecules must rearrange
or partly leave during binding

PINNED FREE GAP
space between solid sheets
6.8-6.9 angstroms
from 9.6-9.7 angstrom
sheet-to-sheet spacing

EXPANDED FREE GAP
water-rich phase
about 8.42 angstroms
from about 11.2 angstrom
sheet-to-sheet spacing

MECHANISTIC COMPARISON, NOT A SIZE-ONLY FILTER

• free gap and interlayer spacing are different
measurements

• hydration, coordination and binding also affect
selectivity

Original diagram - The Clean Paper - CC BY 4.0

ඖඒዜኡ۔ در݁چ؇ن ᗙᖩ ᄪᄥڣ؇ݬ ۭዜኤ-to-ۭዜኤ ىިری اور દઇآ ᖃܥ਍಻ ،ᗳᘑ در݁چ؇ن ᗙᖩ ఈః༠ آزاد ᘛًݠے ᖄᖇ ሏᇃ؇ى اور ڢޚݠ ً اࢾࣖازا ᗙᖩ shell hydration ݁ިازَۭ
ඖඒዜኡ۔ وݪ؇ۋب ىިری ،ᗳᘑ ۋݱۭ اٞ܂ Ⴄၖ Ⴄၖر ᘣۭ ٞگ ޗݠ ݿ؇߉߳
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ᗳᘑ พฆݿܦ ࢻࣖل ۊިد ݁ޚ؇ًݑ ᗙᖩ દઇآ ݿ؇ۊب ሏᇃ݁أڎ
lanthanum، દઇآ ᖃ۲ܹـܦ ඖඒ݁ ෠ູݠً؇ت ඖඒ۲۔ พฆݿܦ ா஬ රඞܔب ඖඒዜኤ stacked ඖඒዜኡ؛ sieve ෛ஖ب ሏᆶިܔ ۚچٷܭ ިّ ި۲ َۭ ོྦྷٴྱب พฆݿ؇ۊ ݁چܥٷྱލࡰࡲ
ّ܂ ytterbium ᖄᖇ Europium ৆ছ؇۔ ෠੼ٴިر ߑߵ ᜨ᜕ܹᘛܔ ٞ؇دہ ز اور ᜨ᜕ܳچ ሏᇃ؇ى ٞ؇دہ ز ܔި ݁؇دے ᗙᗅ neodymium اور praseodymium

ᘛّ؇۔ در݁چ؇ن ᗙᖩ ٞިں رو ᗙᖩ ޗݠح دوَިں ان Samarium رܔᘛ؇۔ ߓߵڢݠار ܔި ۚچٷܭ ਍ಾ܁ ً ؇݁ިᆇᅦ ᗙᗅ ଩଍آف ᘛً؇ری ً ૭૙ྟٺ؇
periodic ،ඖඒ۲ ܳچٴܹݞ ሏᆧ ردᆇᅦِܭ ᗙᖩ ݁؇دے ෛ੼ݱިص اس ๤ཛྷف ۭٞ ᗳᘑ۔ ᠃۴ٺ؇ II ଯଜوہ ܔި دو๤ངے اور I ଯଜوہ ܔި ᗙᗕرو ᖃܹዜኜ ᄪᄟ؇݁گ

ᗳᘑ۔ พฆݿܦ ᘛً޳ ࢻࣖل ༡๤ངڎ ඖඒ݁ ৖৑؇༡ت ሏᇆ؇ًݠ෠ູ ෛ੼ٺܹژ ඖඒዜኡ۔ numbers ா஫وہ ᗙᖩ ༥ڎول
ᗙᖩ dysprosium ᄪᄥً؇گஓ୾ lanthanum ༟؇݁ܭ ሏᆦاڣݞود ඖඒ݁ ᄪᄟد؇ਊಾ દઇآ راݿب ߓߵاہِ ᘛّ؇۔ ݁ڰچڎ ඖඒ݁ ۏިڑوں ᗙᖩ ா஫وہ ෛ੼ٺܹژ ڣݠق พฆݿ؇ۊ ۭٞ
europium ᄪᄥً؇گஓ୾ neodymium اور 5 .4 dysprosium ᄪᄥً؇گஓ୾ neodymium ،7 .5 dysprosium ᄪᄥً؇گஓ୾ praseodymium ،8 .7 ᜨᜤܳ

۲ިا۔ رىިرٹ 6 .2
ߙߵۏچں ቕሡ ዜኞب ༟؇݁ܭ ೞೋڢݠ ᗙᖩ 1 رᗳᘑ۔ ೞೋڢݠ ᗙᖩ 1 .1 ً ؇݁ިᆇᅦ ؜ިا݁ܭ ሏᆦاڣݞود ۏ۴؇ں ،ᖃᘛّ ႟ႆ݁ލ ٞ؇دہ ز ۏިڑے ॴॖीڢݠ ೞೋڢݠ ೞೋڢݠ
ۏި ᗙᖩ ଩଍آف ان ྲྀྡྷފྟب ،ᖃᘛّ ᜨ᜘ᝒد ߙߵۏچں ܔި ඖඒݿ؇ۊٺ ۚچٷܭ ෛ੼ٺܹژ ۏި Ⴄႆݿ ா஬ ڣݠق ᖄᖇ ሏᇃ؇آݿ ً ૭૙ྟٺ؇ ඖඒ݁ ଩଍آف دو ان ݁؇دہ ᗳᘑ۔ ؇ّா஬ ޖ؇۲ݠ

ᖃᘛّ۔ ೞೋڢݠ ඖඒ݁ ா஫وہ ردᆇᅦِܭ ሏሄ اٞ܂
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ᗳᘑ رܔᘛٺ؇ pinned ܔި ۚچٷܭ ݁چܥٷྱލࡰࡲ
ᗳᘑ۔ ሏᇆா஬ دا༠ܭ در݁چ؇ن ᗙᖩ ዜኤިں ᘛٕިس ܔި ଩଍آف ۏި ردᆇᅦِܭ ሏᇬߓߵ اٞ܂ พฃٞأ ،ሏᆧ اݿٺأ݄؇ل intercalation ᆀᄧոڅ׷ڵ׷ ᆀᅝ݄ݦ ᗙᗅ ඔඒگگො੼ ىᘛݠ

روႤၖ۔ ᖄᖇ ᜨ᜕ܹچᘛى ܔި ᄪᄥڣ؇ݬ buserite ᗙᗅ اዜኡިں اور ᗳᘑر ݁ިۏިد ඖඒ݁ ۚچٷܭ ଩଍آف ݁چܥٷྱލࡰࡲ وڢب ᗙᗈި۲ دا༠ܭ ᗙᖩ ଩଍آف earth-ب؇ٞ؇َ
ܾ۲ ᘛۚݓاَ؇، ሏᇃ؇ى partial ،ᄋᄄ༥ ො੼ڎود ඖඒ݁ Ⴄၖر ᘣۭ ٞگ ޗݠ ෠੼ިزہ ᗳᘑ۔ พฆ۲ر ྸอ؇༶ܓٷ ቕሡ ى؇س ᗙᖩ દઇآ آࢻࣖار ඖඒ݁ ᄋᄄ༥ উॻ৆চ ਍ಾ܁، ٞ؇دہ ز اس
اس اور ᗙᗈଫଜᘛܓ راݿب ߓߵاہِ ܔި દઇآ ۏި ඖඒ۲ آܔފچ݆۠، ً ؇݁ިᆇᅦ اറദഇݞ، ᗙᖩ ೞೋڢݠ ਵਦاد ᖄᖇ ୕୅آ٣ר ٣گ ඖඒ۲۔ ނ؇݁ܭ ݿص ً؇਍ಮڋَ܁ اور ௤௔آ۲ٷ

ඖඒ۲۔ ᗙᗈா஬ ّأ؇݁ܭ ᘙّ؇ݿ ᗙᖩ
اور insertion ᗙᗅ ෠ູݠً؇ت ሏᆶ؇ܔچ݄چ ሏᇬߓߵ ሏᆧ۔ ๤ངاغ ݿ؇ۊب ᘛٕިس ᗙᗅ ඖඒ૰ૌ؇റയೲ X-ray ඖඒ۲۔ ᗙᗈآ ᖄᖇ ෠ູݠً؇ت ᗙᖩ ޗݠح พ෶ܔ ނިا۲ڎ
ۭٞ ৆ছ؇۔ ݁ިازَۭ Ⴄၖ ً؇਍ಮڋَ܁ اور hydration ،ඖඒݿ؇ۊٺ ෛ੼ٺܹژ ᗙᗅ ،ᗳᘑ ۋފ؇ب ሏᇃႤႆܔިاَࡧࡲ-݁چ ۏި ׏ٞ، ֿ܊ۑ ࣺ࣬֔ؔ ֙ؔոभऌ َ؇ᗙᗀ۔ ሏᆦڎ༲ܹچ༟

ඖඒዜኡ۔ ڣ޺޾ راݿب ߓߵاہِ ሏᆧ દઇآ اٞ܂ ᗙᗈر஼஫ ᖄᖇ ۚچٷܭ ۭٞ ඖඒ۲؛ ሏᇆா஬ ݁ڎد ඖඒ݁ ᜨ᜕ᘛ۠ᆙᆊ ܔި Ⴄၖر ᘣۭ ٞگ ޗݠ ۋފ؇ً؇ت
اور ሏᆶ؇َّިا ሏᆧ ᘛۚݓاَ؇ ሏᇃ؇ى ردᆇᅦِܭ، Ⴄၖ ඖඒዜኤ shell، ሏᆧ ሏᇃ؇ى ᗙᖸ؇༥”۔ رک ߓߨا ஼஫رے، દઇآ ؇ٕިᘛۚ“ ᄋჳ ඖඒዜኡ ᘛً޳ ݿ؇دہ ؇਍ಾا Ⴄၖر ᘣۭ ٞگ ޗݠ اور

ඖඒ۲۔ ᗙᗈா஬ ادا ா஬دار ؇਍ಶا ݿص ௤௔آ۲ٷ ܾ۲ ᘙّ؇ݿ ᗙᖩ ᘛٕިس

ሏᆧ ଫଐዜኞ ሏᆦڎ༲ܹچ༟ ሏᆧ ۏިڑے ॴॖीڢݠ ًأݥ ᗙᗅ ོྦྷٴྱب พฆݿ؇ۊ
1 .0 -/+ 4 .5 ா஬ ߓߨھ ᖄᖇ ོྦྷٴྱب พฆݿ؇ۊ ଫଜً؞ 1 .0 -/+ 6 .1 ሏᆦاڣݞود ᘛّ޳: ඖඒ݁ neodymium اور lanthanum উॻٞڎਊಾ ஓ஁؇ٞ؇ں ᖄᖇ ݿص
neodymium اور ،1 .0 -/+ 2 .4 ᖄᖇ 1 .0 -/+ 5 .1 praseodymium ᄪᄥً؇گஓ୾ Lanthanum ৆চ؇۔ ި۲ ᘙّ؇ݿ ᗙᖩ ོྦྷٴྱب พฆݿ؇ۊ ݁چܥٷྱލࡰࡲ

ዜኜٷཁ؇۔ ّ܂ 1 .0 -/+ 9 .2 ᖄᖇ 1 .0 -/+ 6 .1 samarium ᄪᄥً؇گஓ୾
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ඖඒዜኡ؛ ߙߵۏچں ሏᆶިܔ ݁ޚܹص Ⴄၖ 1 ༟؇݁ܭ ඖඒዜኡ۔ Ⴄၖ stages ݁ފܹފܭ ᗙᖩ ᆇᅦܭ ሏሄ اٞ܂ ،ᗳᘑ ሏᇆா஬ ݁ިازَۭ Ⴄၖ protocols ሏሄႤၕ ෠ູݠًۭ اܳـ܁ ඔඒّ ڢޚ؇ر ۲ݠ
ඖඒ۲۔ ᗙᗈ؇ᘛدܔ (3 = (n deviation ݁أچ؇ری -/+ whiskers اور means َگ؇ط ᗳᘑ۔ ሏᇆ؇ᘛدܔ ሏᆦاڣݞود ۏިڑا-ෛ੼ݱިص ݁ݯٴިط value ٞ؇دہ ز
The Clean Paper CC BY 0 .4

ᖄᖇ 1 .0 -/+ 4 .5 ۭٞ ߑߵ ᗙᗅ؇ᘗߓߨ ،5C .0 ᖄᖇ 1C .0 ،؇ষচ ༒ຍ؇ى ๤ཇح ሏᇬߓߵ ᘛّ޳۔ 2 .0 -/+ 6 .5 value lanthanum-neodymium ߑߵ 2 pH
ᘛٕިس اور ଩଍آف ๤ཇح ٞ؇دہ ز ᗳᘑ؛ ؇ّா஬ ݁ިازَۭ ᖄᖇ ݬఈఃۋچب ሏᆧ ݁؇دے ܔި ݁ިۏިدہ applied C-ح๤ཇ ܓพ෶۔ ި۲ 4 .0 -/+ 3 .4 ா஬ ި۲ ቕሡ

ᗳᘑ۔ ؇ਐೋد وڢب ቕሡ ᜨᜤܳ ᗙᖩ ردᆇᅦِܭ ܔި
operating اور acidity ݿ؇ۊب، ᘛٕިس ۏިڑا، દઇآ ሏᆦاڣݞود ா஬ّ؇۔ ඖඒዜኡ ਜಸ؇ن ሏᆦدா஬رႤၖ ඖඒ݁ ༡؇ܳب ۲ݠ ሏᆧ ݁؇دے اس ༟ڎد اٞ܂ ሏᆶިܔ

ᗳᘑ۔ ๤ཡۜ݁ٷ ߑߵ ๤ཇح
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competing 1,000 ۲ݠ ඖඒ݁ mixtures ሏᆶڎاਐಸا ܓพ෶۔ ሏᆧ ྸอ؇݁آز ᘛً޳ ᘙّ؇ݿ ᗙᖩ ݁گڎار ߓߨی ሏᆧ ଩଍آف earth-ب؇ٞ؇َ ଫଜ༚ ༟؇م، ඖඒ݁ ᗙᗜ؇݁گ
اور 6,500 ఈః༠ف ᗙᖩ calcium ،1,200 ً ؇ਊೋّگݠ ఈః༠ف ᗙᖩ sodium ا౪౜ర؇ྲྀྱب ނڎہ رىިرٹ ᘛّ؇۔ દઇآ earth-ب؇ٞ؇َ اٞ܂ ݁گ؇ًܭ ᗙᖩ ଩଍آف

ᘛّ޳۔ 1,700 ఈః༠ف ᗙᖩ ݁چܥٷྱލࡰࡲ
ore-derived ۋگچࠔࠨ ۭٞ ୍଺݁ دᜨ᜘ᝒ۔ ா஬ ඖඒዜኡ ۊࡤࡲ ෛຳިد ۊިد ܔި ሏᆦڎ༲ܹچ༟ ଩଍آف ༟؇م ඖඒ݁ ৖৑؇༡ت ሏሄႤၕ ෠ູݠًۭ ان ᄋჳ ᗳᘑ ਊುިت ݁ڰچڎ ۭٞ

ඖඒ۲۔ ᗙᗈި۲ ݁ިۏިد ᘙّ؇ݿ ඖඒނٷ؇ۊٺ ༚ܹޔ اور acidity metals، พ෶ܔ ඖඒ݁ ۏݴ ،ඖඒዜኡ ྸอ؇݁آز კა჋݁ ሏᆧ liquid

ඖඒዜኡ ଩ଜ༰ ሏሄ اٞ܂ ሏᇀ؇ٞ ً؇ز اور ᆇᅛ޳ ،દએ ༠؇ܳݧ ،ሏᆦڎ༲ܹچ༟ ،ሏᆦاڣݞود
ᜨᜤ۲۔ ؇༰ ᘛ۠ᆙᆊٷ؇ ඖඒዜኡ ଫଐ݁ادف Ⴄၖ دو๤ངے اٞ܂ ඖඒዜኡا اور ،ඖඒ۲ ᗙᗅ؇റയೲ ෛ੼ٺܹژ พ෶ܔ ᗙᖩ ሏᆦدா஬رႤၖ ඖඒ݁ ᗙᗜ؇݁گ

ᄋჳ ᗳᘑ ݁ޚܹص Ⴄၖ 4 .5 ᗳᘑ۔ ؇ّா஬ ݁ިازَۭ ᖄᖇ ਍ಾ؇ݿص ᗙᖩ ᖃܹዜኜ ᖄᖇ ሏᆦڎ༲ܹچ༟ ܔި ਍ಾ؇ݿص ᗙᖩ ଩଍آف دو ًأڎ ᗙᖩ ሏᆦڎ༲ܹچ༟ ոຐڲڞ ᆀᄗاؔۏود
دی۔ ߙߵۏچں ٞ؇دہ ز ؇ষচ 4 .5 ݁گ؇ًܭ ᗙᖩ mixture ᗙᖩ ๤ཇوع ܔި દઇآ اٞ܂ ᗙᖩ ۏިڑے اس ᗙᗅ ݁؇دہ ᗙᖸި۲ capture

ᖄᖇ ݁گڎار uncaptured ܔި ݁گڎار captured ሏᆧ દઇآ ۲ݠ :ᗳᘑ ؇ّா஬ ނ؇݁ܭ ᘛً޳ ܔި ᖃۋݱ ᗙᗜوا ᗙᗅ؇༥ ༒ຊ ඖඒ݁ liquid ոຐڲڞ ᆀᄗ׿ຣڪ׷ຐ
ሏᆦاڣݞود ᗳᘑ؇༰ ،ᗳᘑ ؇൞ിݿ ߓߨھ ۭٞ ߑߵ ᗙᗅ؇۲ٽ ݁؇دہ ٞ؇دہ ز ᜨᜤܳ ๱ངا ᗳᘑ۔ ؇ّ؇༥ ؇৆ছ ݁ިازَۭ Ⴄၖ balances ان ᗙᖩ ଩଍آف دوَިں ىᘛݠ ،ᗳᘑ ؇ّா஬ ݁ިازَۭ

دܔᗙᖸ؇ᘛ۔ َۭިஓ஁ ෛ੼ٺܹژ ༟؇݁ܭ
اࢾࣖر ᗙᖩ pathways ෛ੼ݱިص ඖඒ݁ ᆇᅦܭ ᘣۭ َިஓ஁ ሏᆧ ༡ਵਦߺࠊں دو ᗳᘑ۔ ۋݱۭ Ⴄၖ દઇآ ݁ٷٺۛص ඖඒ݁ fraction ؇৆ছ ༡؇ݬܭ واีྵ ਗ਀ ոຑڤۘ

ሏᆶި۲۔ ༡؇ݬܭ ਗ਀ ոຑڤۘ dysprosium 3% .92 اور ਗ਀ ոຑڤۘ neodymium 0% .97 ً ؇ਊೋّگݠ
neodymium- ᗙᗅ additions ݁ފܹފܭ ᘙٕآ ሏᆧ powder milligrams 10 ᗳᘑ۔ ᠃۴ٺ؇ ܔި ᖃۋݱ ᜨᜈܓ ᗙᖸ؇۲ٽ ᖄᖇ ො੼ߺࠊل ሏᆶڎاਐಸا ჸ჌ܤ

دٞ؇۔ 8 .10 ༟؇݁ܭ ሏᆦڎ༲ܹچ༟ accumulated اور ۲ٽ؇ٞ؇ dysprosium 72% ඖඒ݁ ྸอ؇݁آز dysprosium
neodymium- اٞ܂ ᗙᗅ ᄪᄟد؇ਊಾ દઇآ พฉܳا ᗳᘑ۔ ؇൞ിݿ ؇༥ ؇৆ছ آزاد دوً؇رہ ඖඒ݁ ًأڎ ܔٺٷ؇ ᖄᖇ ඖඒ݁ દઇآ ᗙᖸި۲ capture ᄋჳ ᗳᘑ พฆᘛۚިى ᆀᄱո׏ ոּز
recover 89% ඖඒ݁ operation lanthanum-neodymium ᗙᗅ اරඝاج ሏᆶ؇ܔچ݄چ ሏᇬߓߵ ৆ছ؇۔ recover 80% ඖඒ݁ operation dysprosium

৆ছ؇۔
ሏᆦدா஬رႤၖ ᘛً޳ ىᘛݠ اور ᗳᘑ ؇൞ിݿ ި۲ اݿٺأ݄؇ل دوً؇رہ ً؇ر พฃܔٺ electrode ᄋჳ ؇ّި۲ ඖඒዜኡ ೑ಸ؇ٔ ۭٞ ᖄᖇ اس ᗳᘑ۔ ሏᇆ؇ᘛدܔ reversibility ሏᇀ؇ٞ ً؇ز

ሏᆦ۔ ᗳᘑر ߓߵڢݠار
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Four strong numbers, four different denominators
These evidence cards come from different experiments; they are not process steps.

ENRICHMENT
La-Nd
5.4 +/- 0.1
captured ratio divided
by starting ratio

PURITY
neodymium
about 97.0%
target share in a
recovered fraction

DEPLETION
dysprosium
72%
share removed from
the starting solution

RECOVERY
La-Nd operation
89%
share of captured
rare-earth ions released

A LARGE VALUE IN ONE CARD CANNOT REPLACE THE OTHERS

• high depletion can coexist with low purity • one recovery operation does not establish cycle
life

Original diagram - The Clean Paper - CC BY 4.0

݁ފܹފܭ ᗙᖩ ᆇᅦܭ ሏሄ اٞ܂ ،ඖඒ۲ Ⴄၖرڈز ނިا۲ڎ ۭٞ ඖඒ۲۔ ᗙᗈآ ᖄᖇ ෠ູݠً؇ت اܳـ܁ وہ اور ඖඒ۲ ෛ੼ٺܹژ denominators ᗙᖩ ݁چଫଓܔݴ ނڎہ رىިرٹ ༰؇ر
ඖඒዜኡ۔ stages
The Clean Paper CC BY 0 .4

ഇഃ٣؟ ᚙᚉ۰ڗ ᖊرڅ ᓴۻ༢څ ڲ܋ڪ֦ ൌ৭׫ڪ؉ percentages ݄ݙے دو
ڣݠض નતா஬ ᆇᅦܭ ሏᆶڎاਐಸا liquid ᖄᖇ ๱ཏܔ દઇآ Ⴄၖ 90% ۲ٽ؇ ؇ਐೋد ᗳᘑ۔ ۭٞ ٞ؇دہ ز ᆇᅛ޳ ᗳᘑ۔ ா஫ا ዜኞب ᖄᖇ unwanted ଩଍آف ᘛً޳

ᘙّ؇ݿ capture ި۲ ඖඒف؇༥ ިّ واีྵ ༡؇ݬܭ ؇৆ছ ݁؇دہ ሏᆧ ༠؇ܳݧ દએ ىᘛݠ ᘛً޳ ቕሡ ި۲ พฆݿܦ ᗳᘑ۔ دو๤ངی ޗݠف، ዜኞب ༠؇ܳݧ ؇ٕިᘛۚ
fraction poor ሏᇀ؇ٞ ً؇ز ؇ᘛدܔ ؇൞ിݿ ᗳᘑ ா஫ا ۲ڎف Ⴄၖ ߓߨا ۋݱۭ ᖃᘛ౺౨ఫ رہ ؇৆চ ۲ި۔ ᆇᅦܭ Ⴄၖ درݿب ༥؇߉߳ہ ان ݿص balances ܔި
ᘙّ؇ݿ دٞܦᘛٺ؇ ،ᗳᘑ ๤ཛྷف ݿص ᖄᖇ ߓߨا ڣچݱڎ ඖඒዜኡ۔

ᗳᘑ ෠ູݠًۭ beaker-َۭ؇റയೲ ᘛً޳ اᘛً޳ apparatus ؇৆চ ؇ٞ؇ᘛدܔ
litre ሏᇭ millimoles 25 ارႤႆّز ሏᆧ દઇآ ۲ݠ ඖඒ݁ ۏݴ ،ᗙᖸި۲ ๤ཇوع ᖄᖇ ො੼ߺࠊل millilitres 5 ඖඒ૰ૌ؇݁آز ሏᆶ؇ܔچ݄چ ሏᇬߓߵ ੯੩݁ٺأ ᖄᖇ َۭ؇റയೲ

ᘛّ؇۔ ݁؇دہ ڣأ؇ل milligrams 40 ᓵᓸ 25 ً ؇ਊೋّگݠ ߑߵ اܳچܦଫଓوڈز ᘛّ޳۔
اور ჸ჌ܤ 90% ً ؇ਊೋّگݠ ᖄᖇ ᗙᗅா஬ اݿٺأ݄؇ل ඖඒ݁ ᖃܹݿܹފ ܔި اܳچܦଫଓوڈز ඔඒّ ۲ٽ؇ٞ؇۔ neodymium 40% ً ؇ਊೋّگݠ ᗙᗅ electrode اٞ܂
ّ܂ ᚙᚌרᖌڄ 13 ᓵᓸ ڲר֜ 200 reactions ᖄᖇ ࠍ੆؇ظ ᗙᖩ ๤ཇح Operating ۲ިا۔ ༡؇ݬܭ 4 .0 -/+ 6 .16 ༟؇݁ܭ ሏᆦڎ༲ܹچ༟ accumulated

ᖃܹ༰۔
৆চ؇۔ ؇ٞ؇ᘛدܔ ؇৆ছ ඖඒ݁ ۋگچگب ᄋჳ ඖඒ۲ ᗙᗈ؇ਐಸ พᘠ኱ ᄋᄅَިܔچ ،ඖඒ۲ ۋݱۭ Ⴄၖ ሏᇃ؇۴᠃ ஼஬ਵਦی اوڢ؇ت اور dimensions ۭٞ

266-milligram ً اࢾࣖازا ᜨᜤܳ ᗙᖩ ᆇᅛ޳ ႟ၖ 50% ඖඒ݁ ۲ڎف beaker ᗙᗜوا ارႤႆّز ٞ؇دہ ز ᗳᘑ۔ ؇ّ؇ਐಸ ᘛً޳ ༡ڎ mass-উॻ݁ٷٺگ اٞ܂ ᆙᆕچ݄ۭ
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ᖄᖇ ᗙᗅݠᘛً ߑߵ electrode ᗙᗌިᘛۚ ݁؇دہ ؇਍ಾا ۲ިّ؇۔ درႤၖر centimetre ֆּদগ ᆀᅞ ڲոدہ ո֔ؔل milligrams 532 พฃٞأ ،electrode
dilute ٞ؇دہ ز ᜨᜤܳ ᗙᖩ ෠ູݠًۭ beaker ᗙᗅ ඔඒ݁ݱٷڰ ᖄᖇ ۭ༥و ๱ངا ༥؇ّ؇۔ ި۲ ႟ႆ݁ލ ዜኜٷ۫ٷ؇ ّ܂ ݁؇دہ ڣأ؇ل ஓ஄؇م ᜨᜤܳ ᗙᖩ ଩଍آف dissolved

৆ছ؇۔ اݿٺأ݄؇ل ො੼ߺࠊل
electrode centimetre 5 by 5 اور ༠ܹچۭ millilitre-25 .1 ᜨᜈܓ ᜨᜤܔ ڣݠض ᗳᘑ۔ آّ؇ ߑߵ ޗިر ᗙᖩ projection ๤ཛྷف ༠ܹچۭ ዜኞ؇ؤ ๱ཚڣݠ اٞ܂
رىިرٹ ෠ູݠًۭ ዜኞ؇ؤ-༠ܹچۭ ؇૭૩ا ᗳᘑ۔ ؇ਐೋد اࢾࣖازہ Ⴄၖ ᆇᅛ޳ 90% ᘛً܁ ܳـ܁ ඖඒ݁ 5C .0 at ڲר֜ 40 ؇ٞ 1C at ڲר֜ 20 ً ؇ਊೋّگݠ ᆙᆕچ݄ۭ ᜨᜤܳ ᗙᖩ

۲ިا۔ ඖඒዜኡ

1 2 3 4

The evidence ladder ends before a refinery
Demonstrated laboratory work stays separate from projected operation and scenario modeling.

PAIR

SELECTIVITY
binary ion mixtures
pair-specific
enrichment
La-Nd 5.4 +/- 0.1

LAB

CHALLENGES
abundant ions
1:1000
staged purity
sequential depletion

BEAKER +

RELEASE
5 mL solution
25-40 mg material
200 min-13 h
one recovery
operation

NOT YET

SHOWN
flow-cell timing
projected
cycle life untested
scenario LCA
532 mg/cm2 loading
problem at higher
target

SCALE BOUNDARY

• the final card is a research boundary, not a
success state

• no complete ore stream or commercial plant was
tested

Original diagram - The Clean Paper - CC BY 4.0

اᘛً޳ ሏᆦدா஬رႤၖ ሏᇆ؇ۋިܳچ؇݁ اور ਍ಸڎی وڢب ዜኞ؇ؤ ᗳᘑ؛ ݁ިۏިد ނިا۲ڎ Ⴄၕہ ෠ູݠًۭ staged اور ٕިک دو :ᗳᘑ ሏᇆި۲ ۊࡤࡲ ߑߵ ༡ڎ ༃واࡵ اٞ܂ ݿᘗଞଜ޳ ۭٞ
ඖඒዜኡ۔ ᆇᅦܭ ᘣۭ َިஓ஁ plant-َۭ؇റയೲ ،ඖඒ۲ ᗳᗵ؇َ݁ٷޙݠ ؇ٞ projections
The Clean Paper CC BY 0 .4

ඖඒዜኡ ۭ༶ཹྥچ plant ،ᗳᘑ ݁ٷޙݠَ؇ۭ݁ اٞ܂ ݁ިازَۭ ሏᇆ؇ۋިܳچ؇݁
neodymium ࿠࿇ܙଯଜام 1 ܔި ݁ڎఈః༠ت اور ᗳᘑ ؇ّா஬ ّ܂ oxides earth-ب؇ٞ؇َ ݁ިازَۭ Ⴄၖ اڢڎام ሏᆦڎ༲ܹچ༟ ༥؇߉߳ہ ۭਜ಻دورا ሏᇆ؇ۋچ พฃᆙᆕ

ᗳᘑ۔ ؇ّா஬ رىިرٹ ᖄᖇ ۋފ؇ب ᗙᖩ آڅۻ঍టո׼
ᜨᜈܓ ᜨᜤܔ ؕᆇᅹ ᖄᖇ ݁؋༠ڍ ෛ੼ٺܹژ ܔި ᆇᅦܭ Ⴄၕہ ෠ູݠًۭ ඖඒዜኡ۔ ނ؇݁ܭ ଫଜ᛻෠ຶز refining ሏᇆر؇෠ູ კა჋݁ ؇ٞ pretreatment ore mining، ඖඒ݁ اس
اس ،ඖඒ۲ values sensitivity اور ݁ٷޙݠَ؇ۭ݁ lfietimes electrode ሏᆧ ાબມ 100 اور 20 ،10 ৆চ؇۔ ؇৆ছ ݁؇ڈل ᖃٞأ ذر ᗙᖩ assumptions
ᗳᘑ ؇൞ിݿ ؇༥ ؇৆ছ اݿٺأ݄؇ل دوً؇رہ ّ܂ وڢب اس ො੼ߺࠊل ሏᇀ؇ٞ ً؇ز ݁چܥٷྱލࡰࡲ ᄋჳ ᗳᘑ ؇ّா஬ ڣݠض ݁؇ڈل ඖඒዜኡ۔ durability พ෶ܓ ሏᆾ؇َ ඖඒ݁ ᖃ݁ޚ؇ܳأ
ᜨ᜛ٷᘛܓ دو ߑߵ Celsius degrees 600 -450 اور ᗳᘑ؛ พ෶ܓ ሏᆧ ڣݠض ࿠࿷঍టո۰רٲ ری ᆀᄴոֺ 95% ᗙᖸ؇༥؛ ࢻࣖل َۭ 10% ارႤႆّز ّ܂ ۏص

ሏᆶި۲۔ ඖඒዜኡ demonstrate experimentally calcination ዜ኱؇ں ᄋᄅَ৖৑؇༡ ،ᗳᘑ ނ؇݁ܭ ᘛً޳ calcination
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inventory اور وݿچؕ ۏٺٷ؇ ༡ڎ ๱ངا ۏިاب Ⴄၖ اس ᗳᘑ۔ ۋފ؇ب Ⴄၖ burdens ሏᇆ؇ۋިܳچ؇݁ اࢾࣖر ᗙᖩ ༡ڎ َޙ؇م ඔඒ݁ٺأ ոຖܺݤہ ٞ঍బدورا ᆀᄷոؼ׷
ᗳᘑ۔ ؇ّި۲ ا؜ٺ݄؇د ڢ؇ًܭِ ۏٺٷ؇ assumptions scaling و

ٞܦލ݆ ଫଓاٞܦފ ݿ؇ྉިܳྡྷث พฆًݬٷأ ৖৑ز݁؇ ۭ༱૭૙ ሏᇆر؇෠ູ ᄋჳ ؇൞ിݿ ா஬ ඖඒዜኡ ೑ಸ؇ٔ ۭٞ ඖඒ۲۔ ا۲ܾ ᠃۴؇ں reuse اور ݁ިاد ،ሏᆶ؇َّިا ᄋჳ ᗳᘑ ؇൞ിݿ ؇ਐಸ ۭٞ ෠ູݞ ۭٞ
Ⴄၕ۔ ᖃᘛرܔ impact ሏᇆ؇ۋިܳچ؇݁ ቕሡ ᖄᖇ

راݿٺۭ ا෠ຶچٷଫ଀َ܁ ৎ৊ٴ؇ اٞ܂ ىᘛݠ اور platform، Ⴄၖر، ᘣۭ ٞگ ޗݠ
ۏިڑے ܳچྡྷٺਜಮ؇َ؇ᘛڋ ᘙ੕၄ ா஬ ࢻࣖل ா஬ ᘙًިۏ ༥؇ن ܔި environment ሏᆶ؇ܔچ݄چ اور ᄪᄥڣ؇ݬ ᗙᖩ ᘛٕިس layered آࢻࣖار ᄋჳ ᗳᘑ ؇ّ؇ᘛدܔ ۭٞ ᄪᄟ؇݁گ
؇৆ছ ො੼ڎود ܔި ݿ؇ۊب اس ᗙᗅ اس دٞ؇؛ ඖඒዜኡ ݁گ؇م ً؇਍ಮڋَ܁ ؇ਜ಻ ๤ཛྷف ᗙᗅ ོྦྷٴྱب พฆݿ؇ۊ ݁چܥٷྱލࡰࡲ ᗳᘑ۔ พฆݿܦ ؇༥ ሏᆧ ଫଐዜኞ ሏᆦڎ༲ܹچ༟ ሏᆧ

ᘛّ؇۔ ؇ّா஬ රඞܔب દઇآ ܓᘛݠا ᖄᖇ ሏᇃ؇ى ඖඒ݁ ۏݴ
ᆇᅦܭ ڢ؇ًܭِ ܔި اܳچܦଫଓوڈز ؇৆ছ ሏᆦ؟ ᗳᘑر ߓߵڢݠار ඖඒ݁ mixtures ore-derived ۋگچࠔࠨ ሏᆦدா஬رႤၖ ؇৆ছ ᗳᘑ۔ ܔᘛިܳٺ؇ ݿިال উॻᆇᅦ พ෶ܔ ۭ༶ཹྥچ ۭٞ
༠ܹچۭ ݁ފܹފܭ ؇৆ছ ᗳᘑ؟ ؇ّா஬ ߓߵداނب ୍଻༰ ᜨ᜕ܔٺ ᗙᖩ اරඝاج اور insertion ً؇ر ً؇ر آܔފ؇ਜಮڋ ଩ଜ݁چٷܥٷ ᗳᘑ؟ ؇൞ിݿ ؇༥ ؇ٞ؇਍ಸ ᘙّ؇ݿ ᗙᖩ ᘙًިۏ mass
Ⴄၕ؟ ᖃᘛدܔ ܔྱފ؇ ݁ިازَۭ ሏᇆ؇ۋިܳچ؇݁ ًأڎ ᗙᖩ ᜨ᜕᜽؇َ inventories Pilot-َۭ؇റയೲ ᗳᘑ؟ ؇൞ിݿ ᘙرܔ ߓߵڢݠار ّިازن ሏᇃ؇ى اور throughput ا౪౜ర؇ྲྀྱب،

ᗳᘑ۔ ؇ّ؇਍ಸ ༃واࡵ ٞ؇دہ ز ඖඒዜኡا ۭٞ دਐೋ؇۔ ඖඒዜኡ ۏިاب ᗙᖩ ݿިاܳިں ان ෠ູݠًۭ ۭٞ
رܔᘛٷ؇ ඖඒ݁ ڢ؇ًި ܔި اَܥފଫଓوم ۚٷڎ ๤ཛྷف ᗙᖩ ఈః༠ ᘛًݠے ᖄᖇ ሏᇃ؇ى ᄋჳ ᗳᘑ ਊುިت ۭٞ ሏᇀ؇݁چႤၖ ඖඒዜኡ۔ refinery earth-ب؇ٞ؇َ კა჋݁ ሏᇀ؇݁چႤၖ

ᗳᘑ۔ ؇൞ിݿ ࢻࣖل ܔި ሏᆦڎ༲ܹچ༟ ႟ႆ݁ލ اٞ܂

ఈః༠ݬۭ ݬ؇ف
ඖඒ݁ ݁؇دے ৆ছ؇۔ اܳـ܁ ᖃٞأ ذر ᗙᖩ آܔފ؇ਜಮڋ ଩ଜ݁چٷܥٷ دار ۭዜኤ آࢻࣖار ܔި ۏިڑوں દઇآ ܳچྡྷٺਜಮ؇َ؇ᘛڋ ݁ٷٺۛص ًأݥ ݁ިۏިد ඖඒ݁ ሏᇃ؇ى ᗙᗅ ඔඒگگො੼
ᜨ᜕۲ ر ሏᇬ؇ً ڢݠೞೋ۔ ᗙᖩ ڢޚݠ ᗙᖩ ۊިل آࢻࣖاری ᖃܹዜኜ ᗙᖩ اَܥފଫଓوم 1 .7 –6 .6 ނڎہ رىިرٹ พฃٞأ ،؇ᘛّ اَܥފଫଓوم 9 .6 –8 .6 ً ؇ਊೋّگݠ ఈః༠ آزاد
ᗙᖩ lanthanum–neodymiumً ఈః݁ټ ሏᆧ؛ ଫଐዜኞ ሏᆦاڣݞود ሏᆧ ۏިڑوں દઇآ ෛ੼ݱިص اور رܔᘛ޳ ቕሶ؇ڢ ݿ؇ۊب ሏᆧ ۚچٷܭ ᗙᗅ ݁چܥٷྱލࡰࡲ ᗙᗜوا
آ਍ಮިں دو๤ངے ݁ިۏިد ඖඒ݁ ݁گڎار ٞ؇دہ ز ඖඒ݁ ᖃ݁ޚ؇ܳأ 4. 2۔ ᖄᖇ 5 .1 ᜨᜤܳ ᗙᖩ lanthanum–praseodymium اور 4 .5 ᖄᖇ 6 .1 ᜨᜤܳ
ᗙᖩ ଫଓܳچ উॻ݁ 5 ๤ཛྷف َۭ؇റയೲ উॻᆇᅦ ܳچܦ݆ ܓᜨᜈ۔ ᗙᖸ؇ᘛدܔ ᘛً޳ ਵਦا༡ܭ ᗙᖩ ሏᇀ؇ٞ ً؇ز اور ᆇᅛ޳ ݁ފܹފܭ ،દએ ༠؇ܳݧ وار ᄪᄥ༡ਵਦ ،ྸอ؇݁آز ᘙّ؇ݿ ᗙᖩ
ᗙᗜوا ዜኞ؇ؤ ۲ިا۔ اݿٺأ݄؇ل وڢب Ⴄၖ ردᆇᅦِܭ ّ܂ ᜨ᜛ٷᘛܓ 13 ᖄᖇ ݁ٷث 200 اور ݁؇دہ ڣأ؇ل ா஫ام উॻ݁ 40 –25 ඖඒ݁ ۏ݆ ،؇ᘛّ ّ܂ ෠ູݠً؇ت ୍଻ਜಸ
ߑߵ ݁ڰݠوݪިں ሏሄႤၕ ෠ູݠًۭ ݁ިازَۭ Ⴄၖ ᜨᜤᝂدورا ሏᇆ؇ۋچ اور ،؇৆চ آز݁؇ٞ؇ ඖඒዜኡ اݿٺأ݄؇ل دوً؇رہ ّ܂ ادوار พ෶ܔ ᘛّ޳، ᆇ໱໢چٷۭ ො੼ݥ رڣٺ؇ر ሏᆧ ᜨᜤܹ༠
ݿ؇ྉިܳྡྷث ߑߵ ݿޚں พฆݬٷأ ،ᗳᘑ ؇ّா஬ ّ؇ਜಮڎ ሏᆧ ڣ؇رم ىܹچث ሏሄႤၕ ෠ູݠًۭ اور Ⴄၖر ᘣۭ ٞگ ޗݠ ᗙᖩ ۚچٷܭ દઇآ ނڎہ ڢچڎ ᄪᄟ؇݁گ ᜨᜤܳ اس ᘛّ؇۔ ๤ཡۜ݁ٷ

ඖඒዜኡ۔ ሏᆧ ݁ٺٴ؇دل ᗙᖩ ٞܦލ݆ ଫଓاٞܦފ

༥؇߉߳ہ ݁ٴ؇ܳ؞ۭ ఈఃً
ᘙ੕၄ ᖄᖇ ᜨ᜕ᘛرܔ ਍ಾ܁ ߑߵ اَܥފଫଓوم 9 .6 -8 .6 ً ؇ਊೋّگݠ ᖃٞأ ذر ᗙᖩ ݁چܥٷྱލࡰࡲ ߓߵڢݠار ܔި gap ݁چٷܥٷ଩ଜ-آܔފ؇ਜಮڋ آࢻࣖار :ᕤᖂ ոׂոᖌدڅ ոषऌ ᕊᕍոڲؠ
اور ௤௔آ۲ٷ ܾ۲ ᘛۚݓاَ؇، ሏᇃ؇ى ،ᄋᄄ༥ ො੼ڎود ۋފ؇ً؇ت اور electrochemistry ،ඖඒ૰ૌ؇റയೲ พฆݿ؇ۊ ࢻሏᇿࣖ۔ ሏᆦڎ༲ܹچ༟ ሏᆧ ۏިڑے ܳچྡྷٺਜಮ؇َ؇ᘛڋ ݁ٷٺۛص
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ඖඒ۲۔ ᗙᗈா஬ ೑ೋ؇ᆇᅵ ሏᆧ Ⴄၖر ᘣۭ ٞگ ޗݠ ᗙᗜوا ً؇਍ಮڋَ܁
lanthanum- اور 1 .0 -/+ 4 .5 ሏᆦاڣݞود lanthanum-neodymium ඖඒ݁ ৖৑؇༡ت ෛ੼ݱިص ᖌׂܤ: ո٥ᝮں ᆀᄗدଯଝرပ࿇ જઁቍሏ ᓵᓸ ֦۰
ሏᆧ ෠ູݠً؇ت اܳـ܁ ሏᇀ؇ٞ ً؇ز اور ᆇᅛ޳ ،દએ ༠؇ܳݧ ᖃᘛّ۔ ෛ੼ٺܹژ values ᗙᖩ ۏިڑے دو๤ངے ዜኜٷཁ؇۔ ّ܂ 1 .0 -/+ 2 .4 praseodymium

ඖඒ۲۔ ݁چଫଓܔݴ اܳـ܁
༠ܹچۭ؛ ዜኞ؇ؤ ݁ފܹފܭ ؇৆চ ؇ٞ؇ᘛدܔ operation؛ ߑߵ stream ore კა჋݁ separator؛ ଫଜܓ ۭᆇᆆ ᜨᜤܳ ᗙᖩ earths َ؇ٞ؇ب ஓ஄؇م :ոׂոᖌدڅ ഇഃቍሒ ոषऌ ׏ٞ

ߓߵߙߵی۔ ሏᇆ؇ۋިܳچ؇݁ ނڎہ ೑ಸ؇ٔ ߑߵ َۭ؇റയೲ ሏᇆر؇෠ູ ؇ٞ ݁ٺٴ؇دل؛ Ⴄၖ ٞܦލ݆ ଫଓاٞܦފ ݿ؇ྉިܳྡྷث اܳچܦଫଓوڈز؛ ى؇ਜಮڎار ّ܂ ୍଻༰ ᖄᖇ ዜኞب
ᗙᖩ ᜨ᜛ٷᘛܓ 13 ᖄᖇ ݁ٷث 200 اور ݁؇دہ ڣأ؇ل milligrams 40 -25ً ؇ਊೋّگݠ ො੼ߺࠊل، millilitres 5 ඖඒ݁ ඖඒ૰ૌ؇݁آز ؇৆চ ؇ٞ؇ᘛدܔ ຒ׿ود: ֿٞոಢಠౣ ا٣گ
৖৑Ⴄႆَ ً اࢾࣖازا اوڢ؇ت ዜኞ؇ؤ دܔᘛ؇ٞ؇۔ ᄪᄥ٪݁ފ ᘙًިۏ 532-milligram-ًؕਵਦ-ሏᇭ-centimetre ᗙᗅ ۲ڎف ᗙᗜوا ارႤႆّز ٞ؇دہ ز ᖃᘛّ۔ اوڢ؇ت ردᆇᅦِܭ

ᖃᘛّ۔ assumptions ݁ڎఈః༠ت ݿ؇ၯႆਜಮٷ܁ ری ا۲ܾ اور ᆇᅦݠ electrode ඖඒ݁ ༥؇߉߳ہ ۭਜ಻دورا ሏᇆ؇ۋچ ᖃᘛّ۔ ؇৆চ
ߑߵ ༃ຝ๤๑฽ ሏᇆ؇ৎ৊؇ݿ ෠੼ިزہ ا؜ٺ݄؇د۔ ٞ؇دہ ز ߑߵ ඖඒ૰ૌ؇റയೲ Ⴄၕہ ෠ູݠًۭ ᗙᖩ ৖৑؇༡ت اور ۏިڑے َ؇ਲ਼ਦد ᚙᚕ٣؟ ոມ ոרᖌرڅ ا֍׫ڵոد ոڅ׫ר څܙ ոؓری ոຐم
พฆݬٷأ ᖄᖇ ᆙᆍ؇ر و ا༟ڎاد ݁ިۏިدہ ᗳᘑ۔ พฆྡྷྲྀ ா஬ ఈః݁ ܔި ۋފ؇ً؇ت اور electrochemistry/ݿ؇ۊب راݿب ߓߵاہِ ۭٞ ᄋᄅَިܔچ ا؜ٺ݄؇د، در݁چ؇َۭ

ا؜ٺ݄؇د۔ ቕሡ ߑߵ ሏᆶިܓ ུྱݷ ሏᆧ ሏᆦدா஬رႤၖ ሏᇆ؇ۋިܳچ؇݁ ؇ٞ ᆇᅦݠ throughput،
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