Future Materials: Titanium, Rare Metals

Okabe Lab. Iis focusing on research into new production processes for reactive metals and environmentally sound
recycling technologies for rare metals, based on “Future Materials : Titanium, Rare Metals” as the keywords.
We believe we can contribute to society by developing innovative process technologies for rare metals.
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		Pie chart of PGM supply

		Data		Johnson Matthey

				http://www.platinum.matthey.com/

		※Ru、Ir、Osの生産量は鉱石組成から求めた推定値。 セイサンリョウコウセキソセイモトスイテイチ

		Production of platinum group metals

				Supply		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020

		Pt		SA		115.1		114.5		121.3		118.2		127.5		138.1		144		155.8		159.1		164.7		157.7		140.4		144.2		144.2		151.2		127.2		128.1

				Russia		28		40.4		16.8		34.2		40.4		30.5		32.7		26.3		27.7		28.6		28.5		25.1		24.4		25.7		26.0		24.9		24.3

				NA		7.5		8.9		8.4		8.9		11.2		12.1		9.2		12		11.3		10.7		10.1		10.1		8.1		6.5		10.9		9.6		9.8

				Zimbabwe																		4.8		5.1		5.3		5.6		7.2		8.7		10.6		10.6		12.4

				others		3.7		4.2		5		3.3		3.1		4.7		7		7.8		3.6		3.3		3.7		3.6		3.6		3.4		3.1		3.4		3.9

				Total supply		154.3		168		151.5		164.6		182.2		185.4		192.9		201.9		206.5		212.4		205.3		184.8		187.5		188.5		201.8		175.7		178.5

				Demand by Applicaton

				Autocatalyst		56.9		56		50.1		58.8		78.4		80.6		101.7		108.6		118.1		121.5		128.9		113.7		68		97.2		96.6		38.3637807784

				Chemical		7.3		8.7		10		9.2		9		10.1		10		10.1		10.1		12.3		13.1		12.4		9		13.8		14.6		5.7982525814

				Electrical		9.5		9.3		11.5		14.2		12		9.8		8.1		9.3		11.2		11.2		7.9		7.1		5.9		6.8		7.2		2.8594122319

				Grass		8.2		6.8		6.2		7.9		9		7.3		6.5		9		11.2		12.6		14.6		9.8		0.3		10.7		17.3		6.8705321684

				Investment		7.5		9.8		5.6		-1.9		2.8		2.5		0.5		1.4		0.5		-1.2		5.3		17.3		20.5		20.2		14.3		5.6791104051

				Jewellery		67.2		75.6		89.6		88		80.6		87.7		78.1		67.2		76.6		68.2		65.6		64.1		87.4		75.1		77.1		30.6195393169

				Medical & Biomedical																		7.7		7.8		7.2		7.6		7.8		7.9		7.2		2.8594122319

				Petroleum		5.3		3.9		3.6		3.4		4		4		3.7		4.7		5.4		5.6		6.5		7.5		6.5		5.3		6.5		2.5814138205

				Other		9.2		9.5		10.4		11.7		14.5		16.8		14.6		14.6		7		7.4		8.2		9		5.9		7.9		11.0		4.3685464654

				Total Gross demand		171.1		179.6		187		191.3		210.3		218.8		223.2		224.9		247.8		245.4		257.3		248.5		211.3		244.9		251.8

				Recycling

				Autocatalyst		-11.5		-12.6		-13.1		-14.6		-16.5		-17.6		-20.1		-21.5		-24		-26.8		-29.1		-35.1		-25.8		-33.7		-38.1

				Electrical																		0		0		0		-0.2		-0.3		-0.3		-0.3

				Jewellery																		-15.5		-17.2		-20.4		-21.6		-17.6		-23.2		-25.2

				Total recycling		-11.5		-12.6		-13.1		-14.6		-16.5		-17.6		-20.1		-21.5		-39.5		-44		-49.5		-56.9		-43.7		-57.2		-63.6

				Total net demand		159.6		167		173.9		176.7		193.8		201.2		203.1		203.4		208.3		201.4		207.8		191.6		167.6		187.7		188.2

				Supply		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020

		Pd		SA		56.3		56.6		58.2		57.9		62.5		67.2		72.2		77.1		81		86.3		86		75.6		73.7		80.1		79.6		34.7902097902

				Russia		149.3		180.4		168		161.7		135		60		91.8		149.3		143.7		121.9		141.2		113.9		113.1		115.7		108.2		47.2902097902

				NA		17		20.5		19.6		19.8		26.4		30.8		29.1		32.2		28.3		30.6		30.8		28.3		23.5		18.4		28.0		12.2377622378

				Zimbabwe																		3.9		4.2		4.2		4.4		5.6		6.8		8.2		3.5839160839

				others		3		3.7		5		3.3		3.7		5.3		7.6		8.2		4.5		4.2		4.7		5.2		5		5.8		4.8		2.0979020979

				Total supply		225.6		261.2		250.8		242.7		227.6		163.3		200.7		266.8		261.4		247.2		266.9		227.4		220.9		226.8		228.8		100

				Demand by Application

				Autocatalyst		99.5		152.1		182.9		175.4		158.3		94.9		107.3		117.9		120.2		125.8		141.3		138.9		126		169.5		187.6		187.6		66.9044222539

				Chemical		7.5		7.2		7.5		7.9		7.8		7.9		8.2		9.6		12.9		13.7		11.7		10.9		10.1		12.3		13.8		13.8		4.9215406562

				Dental		42		38.3		34.5		25.5		22.6		24.4		25.7		26.4		25.3		19.3		19.7		19.4		19.8		18		17.1		17.1		6.0984308131

				Electrical		79.3		64.5		61.9		67.2		20.8		23.6		28		28.6		39.7		46.6		48.3		42.6		42.6		43.9		42.9		42.9		15.2995720399

				Investment								0		7.5		0		0.9		6.2		6.8		1.5		8.1		13.1		19.4		33.8		-17.6		0.0		0

				Jewellery		8.1		7.3		7.3		7.9		0		8.4		8.1		28.9		46.3		35.4		29.5		30.6		24.1		19.3		15.7		15.7		5.5991440799

				Other		4.4		3.6		3.4		1.9		2		2.8		3.4		2.8		8.2		2.6		2.4		2.3		2.2		2.6		3.3		3.3		1.1768901569

				Total Gross Demand		240.8		273		297.5		285.8		219		162		181.6		220.4		259.4		244.9		261		257.8		244.2		299.4		262.8		280.4

				Recycling

				Autocatalyst		-5		-5.4		-6.1		-7.2		-8.7		-11.5		-12.8		-16.5		-19.4		-25		-31.5		-35.5		-30		-41.2		-51.5

				Electrical																		-9.4		-9		-9.7		-10.7		-12.3		-13.7		-14.9

				Jewellery																		-1.9		-4.2		-7.2		-4		-2.2		-2.5		-6.5

				Total recycling		-5		-5.4		-6.1		-7.2		-8.7		-11.5		-12.8		-16.5		-30.7		-38.2		-48.4		-50.2		-44.5		-57.4		-72.9

				Total net demand		235.8		267.6		291.4		278.6		210.3		150.5		168.8		203.9		228.7		206.7		212.6		207.6		199.7		242		189.9

				Supply		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020

		Rh		SA		11.7		12.4		12.8		14.2		14.1		15.2		16.9		18.3		19.5		20.7		21.6		17.9		20.6		19.7		19.9		83.9662447257

				Russia		7.5		3.4		2		9		3.9		2.8		4.4		3.1		2.8		3.1		2.8		2.6		2.2		2.2		2.2		9.2827004219

				NA		0.5		0.5		0.6		0.5		0.7		0.8		0.8		0.5		0.6		0.5		0.6		0.6		0.5		0.3		0.6		2.5316455696

				Zimbabwe																		0.4		0.4		0.4		0.4		0.6		0.6		0.9		3.7974683544

				others		0.1		0.1		0.2		0.1		0.1		0.3		0.4		0.5		0.2		0.2		0.2		0.1		0.1		0.1		0.1		0.4219409283

				Total supply		19.8		16.4		15.6		23.8		18.8		19.1		22.5		22.4		23.5		24.9		25.6		21.6		24		22.9		23.7		100

				Demand by Application

				Autocatalyst		13		15		15.8		24.7		17.6		18.6		20.5		23.6		25.8		26.8		27.6		23.9		19.3		22.6		22.1		78.6476868327

				Chemical		1.1		1		1.1		1.2		1.4		1.2		1.2		1.3		1.5		1.5		2		2.1		1.7		2.1		2.2		7.8291814947

				Electrical		0.3		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.3		0.3		0.1		0.1		0.1		0.1		0.2		0.7117437722

				Glass		1.3		1.1		1.1		1.3		1.3		1.2		0.8		1.4		1.8		2		1.8		1.1		0.6		2.1		2.4		8.5409252669

				Other		0.3		0.3		0.3		0.3		0.3		0.3		0.4		0.4		0.6		0.7		0.7		0.7		0.7		0.7		1.2		4.2704626335

				Total Gross Demand		16		17.6		18.5		27.7		20.8		21.5		23.1		26.9		30		31.3		32.2		27.9		22.4		27.6		28.1		100

				Recycling

				Autocatalyst		-1.5		-1.8		-2		-2.5		-2.7		-3.1		-3.9		-4.4		-4.3		-5.3		-6		-7.1		-5.8		-7.3		-8.7

				Total Recycling		-1.5		-1.8		-2		-2.5		-2.7		-3.1		-3.9		-4.4		-4.3		-5.3		-6		-7.1		-5.8		-7.3		-8.7

				Total Net Demand		14.5		15.8		16.5		25.2		18.1		18.4		19.2		22.5		25.7		26		26.2		20.8		16.6		20.3		19.4

		Ru, Ir, Osの生産量は鉱石組成より産出した。 セイサンリョウコウセキソセイサンシュツ

		PGM/Pt ratio

								Pt		Pd		Ru		Rh		Ir		Os		Au		grade, g/t		total

		data: Habashi(1997)

		SA		Melensky		%		59		25		8		3		1		0.8		3.2		8.1		100

						ratio		1		0.4237288136		0.1355932203		0.0508474576		0.0169491525		0.013559322		0.0542372881

				UG2		%		42		35		12		8		2.3		0		0.7		8.71		100

						ratio		1		0.8333333333		0.2857142857		0.1904761905		0.0547619048		0		0.0166666667

				average of SA		ratio		1		0.6285310734		0.210653753		0.1206618241		0.0358555287		0.006779661		0.0354519774

		Russia		Norilsk		%		25		71		1		3								3.8		100

						ratio		1		2.84		0.04		0.12		0		0		0

		Canada		sudbury		%		38		40		2.9		3.3		1.2		1.2		13.5		0.9		100.1

						ratio		1		1.0526315789		0.0763157895		0.0868421053		0.0315789474		0.0315789474		0.3552631579

		USA		stillwater		%		19		66.5		4		7.6		2.4				0.5		22.3		100

						ratio		1		3.5		0.2105263158		0.4		0.1263157895		0		0.0263157895

				Average of NA		ratio		1		2.2763157895		0.1434210526		0.2434210526		0.0789473684		0.0157894737

				average of world				1		1.7299387452		0.1496299223		0.1696331507		0.0459211588		0.0090276539

		data: the economic of(2005)

		SA		Melensky		ratio		1		0.519		0.126		0.061		0.023		0.014

				UG2				1		0.642		0.267		0.161		0.497		0.023

				average				1		0.5805		0.1965		0.111		0.26		0.0185

		Russia		Norilsk				1		2.996		0.171		0.113		0.049		0.071

		Canada		sudbury				1		1.03		0.095		0.134		0.044		0.021

		USA		stillwater				1		3.603		0.024		0.062		0.69		0.01

		data: Lonmin private ppt(1997)

		SA		Melensky		%		59.5		25		6.2		2.9		1.4		0		5		3.6		100

						ratio		1		0.4201680672		0.1042016807		0.0487394958		0.0235294118		0		0.0840336134

				UG2		%		49.5		22.5		15		8.7		3.7		0		0.6		5.13		100

						ratio		1		0.4545454545		0.303030303		0.1757575758		0.0747474747		0		0.0121212121

		Ru		Supply		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020

				SA		24.2462469734		24.1198547215		25.5523002421		24.8992736077		26.8583535109		29.091283293		30.3341404358		32.8198547215		33.5150121065		34.6946731235		33.2200968523		29.5757869249		30.3762711864		30.3762711864		31.8508474576		87.2528739723

				Russia		1.12		1.616		0.672		1.368		1.616		1.22		1.308		1.052		1.108		1.144		1.14		1.004		0.976		1.028		1.04		2.8489976303

				NA		1.0756578947		1.2764473684		1.2047368421		1.2764473684		1.6063157895		1.7353947368		1.3194736842		1.7210526316		1.6206578947		1.5346052632		1.4485526316		1.4485526316		1.1617105263		0.9322368421		1.5632894737		4.2825076981

				others		0.5536307124		0.6284456735		0.7481496113		0.4937787435		0.463852759		0.7032606346		1.0474094558		1.1671133937		1.256891347		1.256891347		1.3466693004		1.3765952848		1.6160031604		1.8105220594		2.049929935		5.6156206992

				Total supply		26.9955355805		27.6407477635		28.1771866956		28.0374997196		30.5445220594		32.7499386645		34.0090235759		36.7600207468		37.5005613483		38.6301697337		37.1553187842		33.4049348413		34.1299848732		34.1470300879		36.5040668663		100

				Demand by Application

				Chemical																		5.1		6.9		4.7		4.3		2.8		3.1		8.5		3.1		3.2		12.5

				Electrical																		18.1		40		24.1		12.8		10.5		23.5		16.7		11.2		16.5		64.2

				Electrochemical																		3		4.3		1.9		3		3		4.1		4.0		4		3.9		15.2

				Other																		1.5		1.7		2.1		1.7		1.7		1.3		1.8		2.2		2.1		8.2

				Total Gross Demand																		27.7		52.5		32.8		21.8		18		32.0		31.0		20.5		25.7		100

		Ir		Supply		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020

				SA		4.1269713479		4.1054580307		4.3492756255		4.2381234867		4.5715799031		4.9516485069		5.1631961259		5.586291364		5.7046146086		5.905405569		5.6544168684		5.0341162228		5.1703672316		5.1703672316		5.4213559322		78.445293967

				NA		0.5921052632		0.7026315789		0.6631578947		0.7026315789		0.8842105263		0.9552631579		0.7263157895		0.9473684211		0.8921052632		0.8447368421		0.7973684211		0.7973684211		0.6394736842		0.5131578947		0.8605263158		12.4515417642

				others		0.1699082877		0.1928688671		0.2296057941		0.1515398241		0.1423555924		0.2158294465		0.3214481118		0.3581850389		0.3857377342		0.3857377342		0.4132904295		0.4224746612		0.4959485154		0.5556460218		0.629119876		9.1031642688

				Total supply		4.8889848987		5.0009584767		5.2420393144		5.0922948898		5.5981460218		6.1227411113		6.2109600272		6.8918448239		6.9824576059		7.1358801453		6.865075719		6.253959305		6.3057894312		6.2391711482		6.911002124		100

				Demand by Application

				Chemical																		0.8		1		0.7		0.7		0.3		0.6		0.6		5.6603773585

				Electrical																		0.9		1.1		0.7		0.8		0.2		6.3		6.3		59.4339622642

				Electrochemical																		1		0.9		0.8		0.5		1		2.5		2.3		21.6981132075

				Other																		1.3		1.1		1		1.2		0.9		1.2		1.4		13.2075471698

				Total Gross Demand																		4		4.1		3.2		3.2		2.4		10.6		10.6		100

		Os		Supply		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020

				SA		0.7803389831		0.7762711864		0.8223728814		0.8013559322		0.8644067797		0.9362711864		0.9762711864		1.0562711864		1.0786440678		1.1166101695		1.0691525424		0.9518644068		0.9776271186		0.9776271186		1.0250847458		77.6068519221

				NA		0.1184210526		0.1405263158		0.1326315789		0.1405263158		0.1768421053		0.1910526316		0.1452631579		0.1894736842		0.1784210526		0.1689473684		0.1594736842		0.1594736842		0.1278947368		0.1026315789		0.1721052632		13.0297009375

				others		0.0334023194		0.0379161463		0.0451382694		0.0297912578		0.027985727		0.0424299732		0.0631935772		0.0704157003		0.0758322926		0.0758322926		0.0812488849		0.0830544157		0.0974986619		0.109234612		0.1236788582		9.3634471403

				Total supply		0.932162355		0.9547136485		1.0001427297		0.9716735058		1.069234612		1.1697537913		1.1847279215		1.3161605709		1.332897413		1.3613898305		1.3098751115		1.1943925067		1.2030205174		1.1894933095		1.3208688671		100





PGM_supply&demand_pie_chart

		グラフ作成用作業シート サクセイヨウサギョウ

		Pt				2013						％

				SA		128.1		★2013年データ★ ネン				71.8

				Russia		24.3		★140918更新★ コウシン				13.6

				NA		9.8						5.5

				Zimbabwe		12.4						6.9

				others		3.9						2.2

						178.5						100

				Demand by Applicaton

				Autocatalyst		96.6		-38.1		58.5

				Chemical		14.6				14.6

				Electrical		7.2				7.2

				Grass		17.3		-0.3		17

				Investment		14.3				14.3

				Jewellery		77.1		-25.2		51.9

				Medical & Biomedical		7.2				7.2

				Petroleum		6.5				6.5

				Other		11.0				11

				Total Gross demand		251.8				251.8

		Pd		SA		79.6

				Russia		108.2

				NA		28.0

				Zimbabwe		8.2

				others		4.8

				Total supply		228.8

				Demand by Application

				Autocatalyst		187.6		-51.5		136.1

				Chemical		13.8				13.8

				Dental		17.1				17.1

				Electrical		42.9		-14.9		28

				Investment		-17.6				0		←投資が負なのでパイチャートでは０とした。 トウシフ

				Jewellery		15.7		-6.5		9.2

				Other		3.3				3.3

				Total Gross Demand		262.8				280.4

				Recycling

				Autocatalyst

				Electrical

				Jewellery

				Total recycling

				Total net demand

		Rh		SA		19.9

				Russia		2.2

				NA		0.6

				Zimbabwe		0.9

				others		0.1

				Total supply		23.7

				Demand by Application

				Autocatalyst		22.1		-8.7		13.4

				Chemical		2.2				2.2

				Electrical		0.2				0.2

				Glass		2.4				2.4

				Other		1.2				1.2

				Total Gross Demand		28.1				19.4

				Recycling

				Autocatalyst		-8.7

				Total Recycling		-8.7

				Total Net Demand		19.4

		Ru		SA		31.808716707

				Russia		1.04

				NA		1.5632894737

				others		2.049929935

				Total supply		36.4619361157

				Chemical		3.2		★Ruのみ最新データ サイシン

				Electrical		16.5		2013年 ネン

				Electrochemical		3.9		★140918更新★ コウシン

				Other		2.1

				Total Gross Demand		25.7

		Ir

				SA		5.4141848265

				NA		0.8605263158

				others		0.629119876

				Total supply		6.9038310182

				Demand by Application

				Chemical		0.6

				Electrical		6.3

				Electrochemical		2.3

				Other		1.4

				Total Gross Demand		10.6
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		グラフ作成作業シート サクセイサギョウ

				Production t/year

		Year		Pt		recycling		Pd		recycling		Rh		recycling		Ru		Ir

		1997		154.3		11.5		225.6		5		19.8		1.5		26.9955355805		4.8889848987

		1998		168		12.6		261.2		5.4		16.4		1.8		27.6407477635		5.0009584767

		1999		151.5		13.1		250.8		6.1		15.6		2		28.1771866956		5.2420393144

		2000		164.6		14.6		242.7		7.2		23.8		2.5		28.0374997196		5.0922948898

		2001		182.2		16.5		227.6		8.7		18.8		2.7		30.5445220594		5.5981460218

		2002		185.4		17.6		163.3		11.5		19.1		3.1		32.7499386645		6.1227411113

		2003		192.9		20.1		200.7		12.8		22.5		3.9		34.0090235759		6.2109600272

		2004		201.9		21.5		266.8		16.5		22.4		4.4		36.7600207468		6.8918448239

		2005		206.5		39.5		261.4		30.7		23.5		4.3		37.5005613483		6.9824576059

		2006		212.4		44		247.2		38.2		24.9		5.3		38.6301697337		7.1358801453

		2007		205.3		49.5		266.9		48.4		25.6		6		37.1553187842		6.865075719

		2008		184.8		56.9		227.4		50.2		21.6		7.1		33.4049348413		6.253959305

		2009		187.5		43.7		220.9		44.5		24		5.8		34.1299848732		6.3057894312

		2010		188.5		57.2		226.8		57.4		22.9		7.3		34.1470300879		6.2391711482

		2011		201.6		63.6		228.8		72.9		23.7		8.7		36.4619361157		6.9038310182
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