20006§)6C 99@35839,/ oF
@5@@)@ Pe(0gocies @W

(No Mining , No Civiliza tJ@n)

32230p00 §|EON
)%}9) )%)o Ul_ﬁgég))




cONO0dG

0 (o) cRuodemEee® 20 0REEdm
O () 2ogp|og€sapdeds (mining industry)
Q (3) 8n3cfeeeC opzesdeeud( If it is not “Grown”, it is “Mined”)

0 (g) 906[@3p8 2og907:665§ cGa3800503
0 (g) 60058 §pSi0p06033, ogiogaSyp:

0 (6) 6503890008 3cp8G8eo0) ap&iagod 20 §:
0 () 288:6qp€ mon:maGos:s, og:ogaSep:

Q (o) elgqp:ogeiagadqp:s, 2038 cpgasg.z0pS:

Q (@) 003g0pCiogadap3erqp:g, 62038 cpgaag ops:
0 (00) mees[0]:03E:0903qp4d, Beefm§ [ga3ecale

0 (00) & o3ro0838:




CRUODEMYHTDO 2O OREEIHMND
0 sogyopsevdeasme(gol: ¢[gogl cpaooimo momes 0qolc86e0d vmesd: oxieude(the first mining)oo

a3§ooo(tools)eoy (g1edd 3a0¢eondad: coqpadecnzn’ gpego vlo€onudad sdoon(mgorwd

0 m03:d: eoqpadodadduoo (Primary stone tools)eoguro 138 csodwo§cp(Homo Sapiens) o003 60203
28303 8060IE:( J.6) 20§:98 2030032 §30205c8 VREEELS

0 mgodea0den 038 es08wo§cp(Homo Sapiens)eozd[G):(G: cpBieqoPsgaicononudn 8c8odign: coog§ a0n
pesaddopd: ¢[goéicon(ngonudn Be(gdmpon: 2eo§, cameac:as(gd (primary food and water sources)eoRqep

2§:30842:90 2eo03C: 24059 (early tribes ) c3@ BOPS: GOUD ¢[§0HBEARE c§a3CedS (nomadic

lifestyle)oncs 3o¢(gq) 400D 68 BO:ds000(030005

0 2886(03003 3gj§00000m003E:¢00 @(goreo0n 20070036 Ci3p(gde0Re), 0IpSegPEoRMm Ca00:03e, H26(g]Ies
o3¢ meol 205eqpndeqcoodonud




COPBOMED MuoogPs

Photo Credit:



CQRUOBEORRRIIO 0P| 0REEEIGM(325003)
% 69053 CPI0DIEORUID TPOY GHOBCO; CHEHOEOPD DNORTPOROD 32J:0PIERY VPESMuUDEoR 6q§8EaI33l

(03600051 8cmes 2303c3m000e03 0B280003: G 8 000G, 0gpdgE: VEYV3) eapioudeq:
0c0o3(g00u303  vpso(mgonudn Sm:adeo  oxteudefeoociogpd: (mined materials) eoguIocOPd: VoOLED:

cepC:005 6W05 M20) Vgpd:eaRed VloC8EMLSAS ©&305(0g30005

% 2eoodC:mEanud(gc: (Early trading)on cpooniecnal 3862058 08200003 s0adog05eq: a0 (sophisticated
communication skills )eop ¢ (32030005 cvoeoFoLSNSlLD WS coyewe, 3e[gd (the basis of civilization)o
ars08E0lonwd

< 32g)|,6000|:§059c0RM 800 BdRsene(030¢ Bdgdn§Bifo;  god(chert) sloewrod odo(gdes

(emop0a88008 )(obsidian)eazal Qedqpegaoo(mgonudn slm(gE =Bi(pots) eogi 0§:n§ (bowls)eons,  3o(go:

32292326500 (other utensils) eoR[g|cod8 memaisad: clgeo: (the best clay) co0d gpegadigoonfogonud



CRUOBEORRRTIO 0P| 0REEEIGM(35003)

0 3600592 09:605¢30688, Ca3gP:i00Q(0RE: (Mine)m 2o6dmeorESE: (southern Africa)eo co3 §30°05

0 028303 86e0le: (0,000 & J0,000) FBREMNRF000
0 aa003(gosads ogésogad(Mineral)aacss, coqpad8:e03:002 ¢6530790 [gdorud

0 3leod 038503 §6¢0lC: (00,000 ¢ 9,000)3203¢: F8=0E(GE0P VWHEMEEEOR 0g&2M:CV0]8§303

20g|0p:eedeq: (mining)an a8a0000Eqi03 rdcs: [gdecvadeanzyl

0 me00dC:amo00603¢0 23:8(0303 20gp| (Metals)eogurd 2000303Ee0R §07 20| (metallic state) cogoc
[§80005

0 meolqpzadian ¢[03:§ (copper) (48(G: eg (gold) 1 &g (silver)s, [gsk (mercury)od o3copd: cog.§(G: ad:¢3(030005

0 c§2053C:90 onteudq§conojogpds (mined materials)eogn’ 8:03:(G: [g)[gE or05000

030005-3luo

0 og§o0d0wdemypé (budding civilization)aaognd 83803 mee:olad:od:000d¢ (critical advancements) 0263(gd

0 on:eude§co00) 20omo00gnd: (excavated elements)eonad 3peo:cdad0m06[030¢ q§c0o03 3agce(got: geod

2c§§, c(gap: (pottery)ad ogpd:eozur0 Goa8026900033 383Ee1c2600003 B

030005

0 3200Eqp:ad:nc00D 3620cQP&E) 2097|(metals)con03 393¢6[goE:8E0220 [gdonwd



CRUOSEOYPERTO 20| 0EEEIYM(F3005)

810§ ojrgoncSeoncony megeSalh, 29588 ofjcdao) oBifecgad cgodog §Econ@ores

» 303 [gi[3p8q¢ cpwdemype (civilization) semopS:n cpecrud empadod: (stone) eogi efgoopSogpS:

(earthenwares) ¢0303 3293:[g)[030005 a9 &:a003q0005
» c820538:¢06007 Myde(gqrd8o(ges, 8:8:008m8 ey §a03 oG (metals)eogzn’d aaad:(g|cod

* 33 sogeym eqdiad3§uooeay (early tools)s, cond§ad eog(weapons) (G| ([gdoo0S

030005

% 200 [Q€2006[go038¢:1 3AOEc0E3E: & o839 60 §0Y FePdFeaR:[q¢ S:ao5empad(high quality
209 (g & $° 603 %3 P

flint)o3 S:a05emqpad c3§woo (flint tools)eoy w§03:8 =ads(g3(0g0005

» efg(g[gdogssapean (chalk areas)eogen sosonieay(shafts) ncdEeay(galleries)g(G: 3e(0goadnd [ydeol

c§0) 8:905emPadeazal 0p:000:03 8:a03eaqPadE: (Flint mines)eozal cop §aoo0d




CQRUOBEORRRIIBO 0P| 0REEEIGM(325003)

% 3le[0go¢ 0pa08E:nd wodSmdionepen gEiogndanvdesmeannl 3:e(gs(d:
> eoqpndeao’ (938 gooo ©o3ES)(Stone Age (prior to 4000 B.C.)
> 6[03:6905(938 9000 ¢ 0 Joo 938) (Bronze Age (3300 to 1200 B.C.)
> 256903 (938 2 Joo & 0qeo 833:)Iron Age (1500 B.C. to 1780 C.E.)
> 23036905 (000 @ 53Gs)) Steel Age (1780 to 1945)

> §J|o0cd:000:6903 (0pGE) © We83ad) (Nuclear Age (1945 to the present)quScl ooéoo: eslg(0gomo
(80005
< optagadaoudesoneoyn’ 326(g3(G: cogpadescs cpaontmmomes socm(ydod e[goliadeeozsm:on Ses 03

W93.Q 320pd:3(gd 0320005 efgoiadarog(ogonwd

% eoqpadea0d m (g6 Cimeniyé sdc0lE: .¢ 20§:94 (3.4 million years) [030(gE300051 20gg oS cé:
R §:0:000m0¢ (advent of metalworking) (G:ad:3000[gdon05( 8882320002 )u

% 0p202:00 (§doREd coyPndeaciund B(ngoad: Moco(Yd(Gs wopcmEo) chanoespadesaat opiogadeoym

N\ N\ 0
c[qoc:cd cu3000 oS



CRUODEMRPERTDO 2O 0PEEIGM (3003

% 3c8¢[got:cdcongene(03o 864,6905¢0 00838 20§:4)00030008E03 dognjopcieay)
% 00838 o] 0:c05200500058E0) BAdLIgAP:S, VIP(0Fecy culeulodcooes(Glgdaocd

% [gszaozqp:

006208092603 0§S0MY03g8EA ogndgindeu:§cal u§naseoyzq coo(g(gdorwd

< 3la(ge qeogqpi(go:o3 op8eus syindsromdeoyn? B2800ad: clyql: cvdcnodeu:§ca)

2oaP5 07631 R § 3C:m0z¢: Mgolod 0033305803 s0MdgVSeq080603 51e8(G(gdouS
% 3leoy 30090 §q€203 xCiogndes, 0@ 0zE:r0a0:6036), MDWLOIPIOMIE §EOSeaRd [§8ouS

% 3qoodeoge

039605 cpfEionomes aRuoREmEea003 cepadauo(0gomo(ydorud

% 0@ 0PEEIYEORM CRVIPEMERTONS CVE:09EE0:302030 efgogolend



cepC(gudecso:an(yd 0d:0883Ecamnda3 303 F6(gd30):(g|coo0Peqeul: coPadqQUY
[g€2008E¢ copdempiq(Lascaux cave)as 980 09,000 2§m)

Photo Credit




0388E&(Spain)e3ep0a500086p coqpadq(Altamira Cave):
c[g8(Read ochre)o3 3203:[q) eeag000:0) 3Eg:qS §0:§C:(Bison)d

Photo Credit




e3pm02(Ochre)ad: 0&]4P:
[g€208&E¢&(Chaucer cave)mozé:e eoqpadq csoieq:0&]/qP:07 peoltieud(goononadl
30§3|0e0zm 208E:600E86905m 0| 0R:etdes: 06:2006§30) ¢[§oqeaC ccoodSe§0a3010

Photo Credit




320002206 (§E03 po28qgpSe0S(Utah) § ooEwé anCugd e[03:8 cogp|opés(Bingham Canyon copper mine ) eolod

c[03:8 (porphyry copper) (o J) 20&:c0q5 00030963(Gs(gd0o05n ABe(godmamud(g)a3c880o (.6 §E) cayp§G:
(000) 8020 (0.98¢) 803§ E:(Gz angn 3EQIE§UD Fpudgp:ode 0rda(gdopSi 3059 C.G. Cunninghami USGS.

-

Photo Credit




JOJo 9800060 6[03:8(0¢)@,500)0081 6g(09(@,600)e320E50(139,50002)1 ce5c0d386(molybdenum) (q,800)00§
(7,600t) eg( J. J J)oo§:e320E50(2.22 million ounces ,Moz) cro5caS500dN

nEwd mEus e[n:8 sogropés(Bingham Canyon copper mine )

THattne

——



Komatsu HD1500

pgeolCiapBmecorql} (J5@,590) MB3cg0qs
w&qEgSimn:

3202:00¢ (0,9REe)[§Ee0oCaq (Net 1,399 HP)
BEQE vpd003§§:(2,300)ep3326(1900 rpm)
qpish: rE8Eearncndd- o5 0§

200305 23§E62000608(q0)0r68005(78 cu. m.)
(G558 o§rogrBiadi- (g0loBe3Box/4od

Photo Credit




Photo Credit



0| 0gC:p0c&: (mining industry)

< 20 op€cdcds (mining industry)udd c0omoomeCia(gdeoganeul 9o podnode), §8390:000:68603 200306
0¢[G: og§eqrr|e0oo cvdcgiydonud

% eoqpndeaod monpdim 20 ogtiardesiunn @ (G03iooade(§: Seseacd cogyogicpdedi, Go@0§a?
oo(gpS:[gpd: ceqpadq cvr30ro(gdonwd

% Sagozeee 6 B :3(godq§eod & cqiEopadmeq 8300y coroéideeozal [gpdadieu:d or(0gomo (gdonwd

% 0goeD 20P|0VdempS: eul[Rudonns §Bj:a08EEcopS: [ydonudadal aogyogéiardesial :8(g|(G: §E&
09:00036329¢ S(36099 [ydorud

o mgp  Sgoeepen  BodmidesdcBod  mogp@menicd:  &:0kmwognd Jmbo)  oglimenigecyund

o3€:a905 (minerals)eogs, 20gp) (metals)eoga0o(gdoo0d

% 2og|oxtend(glie, Poonimanss gdigpSeoym §EED8EEBOgnd Bigoieqiodionadend oB8:q 68 mBeo:
§&olonod

<% 20 pE0c§iun 830500803 rdcd: eroreuanydcstl cglodondecodcs: Baondcgssd cvdcs:
00} 3(gorondecrdcdieoyd) (03:090:003 cB&:q08Eco0lonud




0| 0gC:ap0c&: (mining industry)(3as005)
< opC:agad (Minerals )eogurd ge:mamp030d :8m36E:32(gd (the major sources of energy) (gda0c8 oodecodcés

coR30R05 0p&(036:( raw materials for industries)eogcopS: (00005

% 333 gCigad eona? eoodefg(ogen (fertilizers)eoy adea (steel) ooy 20| (metals) coz8, :(go:cd3e6 03

agpSicoy 05cyd § opieuSeoipeomcopSigeonc

% 8646905¢ gy 09:60SFE:(mining)s3ox 686[GEc3280) coScd:(the essential industries) §8e 401G

% 88&aogmogad Sigoreasd, 0moaguSaq: 8ard5(0S (economic and defense needs)eagod [GoSeopS:en:§ ogiogas
(minerals)eoga8 0309860603 codcdicd ofGoqs eo:8earpdlon:

% Jo ep@ BRC:MOY RIQ IB0pS: (society)eo 32ad:(g|o3 0gciognd(Minerals)aa):qj:00 OIS qpPs(gozcoo
n0d

% 88 Jo Pe:OMOE 00§05 § 3§ 0303 §E&[0F:e06), §[G[03:000568, §05:0p00607 0ROPMBCVIGM 0gEaRaS

3309|056003 3[§odco on&saanicues(q [§dornd




20g|0g¢:c00c s (mining industry)(325003)

0 opé:ogad(Minerals)eogurn ca0580pe8900320305 08e(gdadaad(G: sogy|optend(gés (mining)on 5po3ad coodur &
2R0d 328 §p5:008:(gdoo1d

0 c0o3cdeuiadado sogy| cpéiagadeoy(metallic minerals) oo59ozE:og0 m§(38: coy(Industrial minerals) 033
co0ao 610503 0xE:ogad (nonfuel minerals) :35),83q¢ eg(0F:mes onzewd(G: oFadgod mad:(g|8Eomeoy §orud

0 8ogpS:eozq§cood 08:00803E:00o(ges(exploration) § op:ewd(ge: coScg:od (processing removal) §d¢:cd:03

8:go2cq): 30¢)(economically)ase) 602Egd(g6p90 209020 VoS0§:MIET BIndemepdiad: § ca0oEgade 03 cpdcs:
copSs(gdoo0d

0 8c30005078E8 aogpEmpaeos(ore body)eazi 20g3) 6030 ( lode )eoy 3ae{ngoa3n3(vein)icoyl saqgoe(ogo (seam)

coR eqpadoé: (reef)lecy sloewrod 20u5es0oE JqEdad(placer deposits.)eogmes 0o0303022(gdo>LS




20g)0g¢scdcés (mining industry)(325003)

% ofgBiodmes agSiogoS(minerals)eogod caoS8aogg|onicwSa(moder mining)spS: 36 oyteuS000Sueped 8 §Si088
(D412, opzes3(o3 ecpgiclorcSu 358 gpSiogdecy o
(o) e[geolopzcwd(gés(Surface mining) §,
() e[gemeoadopiendgés(underground mining) o35(gdorud
% 230400588160600 0&coaSeqemo0d opicuS(GE: (underseawater mining) 630l coSesooSn(m3ed 45:088(2)§): 2GS
c0p3og€:02060303 copie0g feclornd
% 20g9|0gE:0089¢), c[gegapegiqiudgurd B(grrondgapdediecys, eopdlonp:
% 00343904 20303 elgegepecyay (B3 p30resep egiqaddaegolores
% 20g9| 038426023 Scjerpoidlopin duScdesapqigp P opiedgiEoredi oprecdi 0G0t 0B(gdeaaot rpdecodlyeysd
005s3(8: 88808(5|0Sesqp egicdeqdlontn c[§eann’ op&ioga’ (minerals)eoy @opSicsol caqp cogena cogyop&ieSaod(E:
091890200l Seonp 299000050§1098, B830503:(8: 8§esTecoy [T5c0g. 40r05dlor0S

% sleod cpaooteys), BOY 0305 020 oRtes(0ge Breool****




BadceqeC or:eedqeud( If it is not “Grown”, it is “Mined”)

< 2o opsewdee: (mining)on cpoontwodenype (the human civilization )¢, 303003e003d: (0320826 (the second

earliest endeavors) [§6(G: SodJjzeepadc§: (agriculture Yoo 0c0ead: [§0 >SS WHso(NgooWd

% 8 cpOc&:809 (The two industries)cd:on eq:di0odemypad, 328m sleewrod me(gdondecodcé: (primary or basic

industries of early civilization)ss(§® 350 20039030022 (130005

% 3lon 92203 [geg§0cd36E 34,03 69038 cpazagmaopS(Modern civilization)gdcooden
$e1360:307003 [§e§0r0(gdon05

BB zea28,0p26056620

< 8e0onp 99903 603036 E 803 030050) eIEIoRS: (Modern civilization) (§&coo8 cBaador0e§20g|U

Badjzee (agriculture) sloewrod sogy|ortcudeq: (mining)mes (4p598: coie§60003

% on805:e(goe Sadd|:ea:4,0ptendeazol apemo 0ds0nde[god 3ionnd@manad 83es
Q0B qpe4(03qo>03ed cgocdaoaed

c0R.¢9(9d000S

03902031 33807098209




B0dcleqec opeedqeud( If it is not “Grown”, it is “Mined”)(s25003)

% 8eonp cBm0qidaaniadim0zad §odjseq:(agriculture)o o3096cd wqeuo8con: 36 sogrocieay(Mines)

a06000¢(G: op€iagad (Minerals) eood coodup(mqewd

» 3loa0o pemEIEpSiLI CaePdP50E&EWD [§don0S

» 8e§00g200 6§03C1 93020001 0RE0R1523:Q ¢§[03603 VPRSP EREEYIE, (0%)M CR:EBSEEIMEED03
op€:0gad(Minerals)eogad mé(0g6:mes s, ad:¢(3: 3§ :q|:[g)[gE cpodpdoonionneozd [gdorws
p3pde(goaal 0:eude ©r0ae0707 2§90 Ses myd(03:uro coyPndeand apaooiono(Stone Age) 3803

[g§c0p58:0005 9302920 [gdoo0SH
00§25 6[goaeon? 0G| 0:000646E 69038093 BpS: (§dcoooep 36

Civilization) 88020016 ****

032&:6§07:(No Mining , No




O

omoe[go¢ 0@ 0nedd 93507005

% gD Bom 003 368308 pe3ag 30pS:(Civilization)§ Gz 032000B0p50¢ c20WID Jadsee: (Agriculture)s,

20g|op:eudeq:(Mining)e(o3odal

% SodqQ|eeq: (Agriculture) o vooed: sdeolcolnd50o (6§ 303vom ogoreudeq:(Mining)ed a3 §(0g0005

% cog|opseudea:(Mining)e(03o¢ SadQj:eq: (Agriculture)ol 38 03:0005c000700 Seg33030

% ogdieaodm elg[dficdmes opreudcdnooa0) coypodsed)d:o} §odjreq: c§unoea(gd ohi3(odqorodl
34,0805 0gcs0g03e0ga} daaq]qj:d, 3:ge4qe00]

% 8oogpgo §ed0y cedqadeeaiahial Sapdeds(odi( )z (g dieoiegornded elgocdqulored

8080328510503 (Go3s8:830308 oS§jzeq:(Agriculture)o sqfSons soiadiad coggoRiced cax(Mining)
PS03 p8c0: qoleos




)
< 20gp|ontesdeer(Mining)oonegeonrql 3es, ¢ (§0pd0e esolonudalar capeano(Civilization) (0360008 a302005

% c§205ad: MgdR:3003 [g&capadogo:dd §olornd
< gle[ngo¢ 2ogy|ontqolend

9026|0396 0G| 0PI T00II0S (250

2 808 0926638 (§Scwoe3ao8 03§:300:60:6403 325]05(9)qiE3§ 0008
(0) 68053 :8E0lmn o:eudaeud (If it can’t be grown, it has to be mined)
()) 2e[3smEmoi9pian og§iamicoicsanol§donas
()ogEs0905 Bon:cd:Bm 3pScudo00§)(3: 3apSiaocoiegeoal (Mineral substitutes are few and far between)

() 8E&qp2goa 03:0003(032g0:@2000m 322005GEMYEGDE 30305005t 0G| 0R:eed6s c¥300loowS(Many
countries need mining to not only thrive, but also to survive)
(§) o opseudem §05:0p00(g¢[G: eqgpScpS0d0r 0ndecrdcsydesol[§(Mining is already a high-tech and

sustainable industry)



(o) o@0dq|:8E0lm opzewdaeod (If it can’t be grown, it has to be mined)
% ©905200mg> (modern world)[03:03 sogop:eedgcieqod devdcBoqdlol
% ogé:ogodogpSieoy (Mineral products)uo

> a005ess

(cell phones)cogi 02z (cars)eoy!

> @6:3& 0220l03¢E (energy towers)eop

> s@mo@o:(solar panels)eoy!

> 6c00093¢(wind turbines)eoy |

> eo05¢(g

o3eo (fertilizers)eoy | onduogep:(machinery)eozs, esoo03codeq: 30§0) 3433008

399:09:3RM 0§e(gd B300) 380333E:c03 [§doo0S

% §p320po0§¢
o[go8eal

$p520p0030C 6 VOSMEETRE,C0M3§0%:00006 6aRM 20| oR:eed[gend eqpcadd

% §pd20poOMEaBeogaBm 0z¢:ogndadadgindeoy 3(god(gécoresorns, Bag 0 Iee B3
c93203|0360303 (gpds0pd:e0:8EQ cog|opteudes: cpdc§ieoy Ad3e800o6o(gdonus




)

06(0396 09| 09:6633033007005 (35003
(0) o803 :8E0lo opzewdaeos (If it can’t be grown, it has to be mined)(s25003)

0 3cedms 620520 2000350330 ¢o§ (US Mineral Information Institute)s, 3253306

< 320):0[g)8Ec02703 a3cd@4:(retired cell phones)ecoy §608 3ad:eao04: (090)0d:0qC§o0S 2p0Red

> ¢[03:8(copper) (J,000) 60300 §:0l:
> eg(silver) (66) vn3c0qd 00§

> &g (gold) (3.¢) ©n3c0qdon§

> qpsol: 20g))(300E (Rare metallic element) oo§j(gd03 vlecoS8uwod(palladium) (j)ecdcogdon§ &
> 000030346 (platinum) (0,06) ©0500qd0§

0 3lecyod [g§copdcnodon 3ad:(g18E orvdadeud 8o [§ocwad opéiagadeoy onudecndcdzadonnd
802003 603,92 [§(3: 8605033503 0gé:ogndueomm [géentegornndol eon &ulonwd




(2) e@cﬁcﬁl §Eulm onzewdeewd (If it can’t be grown, it has to be mined)(s25003)

% @8000gpdenmMEs 20g)|(Metal)eogn3c050r00038302 6(goaoecndecgud ea0:olon:

<% 0§, 0gpdtmeeuntieoyen MYgEeor? Bweaodadiugpdiezesvlofesor sogyeay woloé(gecd madiecps
(g8

< 8e0p 0gé:0gad(Minerals)eogua c3aadqi0dm06 optadopicw: es(0gqS:en0l

2 oomudeony 2o op:cadcs: (mining industry)ud :ee(05:0) 0283:038:500300896), 30 ©oS00o(Starting
Point)[§80>051 3032¢05eqP 300§, pSe&:q|0d 0§:038:c0p5: eqpadagaien [gdonod

< gp8:g:ee:868(World Economic Forum)e s3(go:ecpcoogods 3a6 20gp)0g€: § 20g9codcé: (mining and
metals industry )0>8903:6), $:92:6628,00520050) ogod:a8Eeparpdoodegurd ealcd (o Joo§a8ud §orud

< glon ovoadgesanadaldeony caeano 0pduce (G2c0o8 cBadgindeanynd adQ|:deqdial opcudamese vpaend



() 20| RE:p0c&:03 IPe[gdmpcanntpqPI 0R§:30260:6§000(§005(The mining

industry is driven by fundamental forces.)
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% ongpeo cndseeq (population)m c§,0p830g| 03:g2c00e§00051 303gniecoze(0go¢

% [§[gog§:0006(urbanization)eo3s,
% olegod:cuoe (income growth)eop(gdcoooud Sadeogz(gdconeo;

0 336500053233(buildings )eo!

O o022 (cars)eoy

0 cpod:cns0@oS: (consumer products)eozad 38(3: 032000503320 cooeo(gdonwd

< 3le[0go¢ 303000566, :e(gd c30]30de0z03 (gpa8:e0:d sogr|opEiecns, ogciogad(minerals) cogn’ 03:(gé
o330000¢2(gd0o05

% [8L.[gog&2000:¢ (Urbanization)uwo coggopscude: codc: (mining activities)eogaognd o3:on0de cp&:Eao:
(growth force) 0263(go0o05




% 20gopE:codcé: (mining activities)eoy myjeocic008E0} e

323:(g|[g¢: [(§00005

opl= (ppeletonlepifepH~C 532007900 (33500))

0328&:36)C: 020900 FP02:03:09p5:07

% 20@|3]), (certain metals)o3 o835 (carbon fiber)§, 33@5:03:0901 I6P 3826038 FB®: G203Cg,

(gas)/3s[go2ec0Cen 03§ 300:03:079603 §EO070L5 SEVE TPOAD:VPPIETPM

2R §§p5:0l600:0005

% GOV IPES80Q) (Metals) § ogzogod (minerals) 3oo:cd:[ge: 3ge0ze0 M§200533|0560z80005

% o305, 60Yoog(Yale study)ondam "ogy|(metal)ond92005 936, 322800303:[q|¢ F0:0d30x05

$20059053|05§ (G 2022 B&E(E: 6e

0308 33|,03960603¢0 O vadecd0d &ce

o32¢s”

% opigadeoy 00030de cagpRyag:eo(G: 3(gaimeriadiogpdicans csapurcodad0m0 6lgddceaiad
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206(039¢ 20| 02:663BB2002505 (325003
() 8E&gpP:go0pd 09:0003(0F2y0:@00em 32203§CMY 8608 g optewdqs cd3donud (Many

countries need mining to not only thrive, but also to survive)

/

% 2o opeedes: (Mining)uro §[G1:a08EE( developing countries) gp:gozeozad Sigozee:
3¢(gd3p05(gd (economic foundation) (gdoo0d

% 0psnads, 0B §EEmemES (International Council on Mining and Metals, ICMM )¢,
P I6)-

< 328251302 §E¢e0lC: (qo)uro o opéiardcs( mining industry Jascol scg§amec: 83c46) (G2

oleg§pd:0) &EEmqP2e (low income countries Jon 0QuScOV3§, B20039EMI$QOR 3300005

% 30003 Beoodolegspd: §E¢ (low-middle income countries) 3aqp23s(goien 0@ RE: YOCELO
§E¢&[go2030dq 56 C:&:(g| 046 @peolC: (total foreign direct investment) ¢, ( Bo-go%)
303§ 02003603.§) §020dH Sl 2o oRtcudeqardcsieoyud §EENBEEETBROS




oooe[cr;;ozo a)g;logzcw.%mooocﬁ(saaocé)
(§) o opseed(gcsonpd §p5:0p0o(g¢[G: caqpdorpSodeans oadeardcss(gdesol§(Mining is already a high-

tech and sustainable industry)

< 20Q|0REE39UD WVEFMIOSdMEs BOE[GE §pd20pI0e0RNS 232807 Be[gmes capadago:ol(Gs

<% 030§ 2og|ontesdeEamgad (top mining companies)eoyn 8608 Fee:dEqp n3geogm0z0d (3053E=p008¢ §o§d

(autonomous systems)ecl03 ¢[g|a3:gc0o[0g0c8 crdc§icopd0059s, opterde cogenvlmsod(ge §p5:0p0 0adiges

[3(8(gd0o05

< 394: (drones)eoyi B3¢a303§p520p00(l0T , Internet of Things)eos, 30§5§p5:0p00 (sensing technologies)eog c3adeaqp

o3e0g§o3 coonn3deezngEasond (adaptative supply chain)eogi 2090 e (g€ (simulation)eoy eqqpSorpdons 3E(§es:

§,0305p3603 209020 V0508:MYC&E VoScrSeq: 86943¢ (environmental and production management.)eo303 3223:[q)

oo [g¢: 003 e30E[g o) §pd:0poo (breakthrough technologies)eozenul [(03:e0:03 62859049 (massive investments)

coR0R S0 9des02¢ e
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(§) cogojotcudeazon §pd oao@&@ Gqcﬂéoop_ﬁoooo omgcodcéigdesol§(Mining is already a high-

tech and sustainable industry)(sss003)

% 8 cpbesonleeogm cvdcgicopdoodeadiep Bajjiengjie: (operational benefits)eoy co:§oooem

< GQROZNDM CEPABCLI03 FO203VPIOTPOERNT 3602

< 63208 2P C:mwJEre036, (F303|058, Bndpde0d ooxeazal mpBeuiojm(ge
< 20| 0p¢s vd200:6036, ©90n36(god cpdciesoaégadcofiandcopd: smampdeutep capadeoolonud

<% 20| oRtedea: AROC§im MYIBePeeEs0d0V3eD CHPEDRLd BR-EDY 0P| oRcudemes ogndeol o)
005MEEORIPOZMD MEPOV3IIM FP30M6[God 03g:cude§aqdolonnd

% 86603

(0320000708, 30g| 20g3|3E:c08c§amcopS: 9838200000 0Bcoeo[gdorud

% g 2003006 3gp5ad: 0 2060303 ago8c§8EE( Swaziland)eo §o3 egpooaogy ogs(Ngwenya Mine)ol

% 8880 2003006:4060182(62,000)§8: 0@qE 9§638 2320y ¢ (red haematite) co5crSe oSG R¢E:
[§80005 (Wikipedia, UNESCO )****
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> 28§¢&:(Iron Ore)oogy ozés(ydornd

> 0g83c000460lE: 69,000 © 63,000 MOCEF(G: (0RQE) §3A0P231 VYOI MD0E:36 00| RE(Ydo0S
> (JooG )90e0 20 0p¢s 80586:50l000S
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% 0pa00sEi0ie), 68,09000¢0 3Ciagad(Minerals)od 3293:(g)es(03q0o0d

% nCagads, godmEio) peoo30§:mEadod egolon:

/

% 20000303¢: [§oe0l ¢§03 8 clgogndoginSieogm apaooieozmaR0d 033003

> 32o%tmeoeoy [§00g8:3cm0E(GER clgfogesecmniar; efgadaga(fertile soils)eoy [gdconemaaé cpdevionwd

> c8336(houses)eo3§, 3(gosavcsoo0da03)(other structures)eoy 6502050088 83503 vgpS:eogydeolcoonud

> ooduogep:eog(machines)eoy§, m&uo001§3000000603 [geaSepeo 32a3:(g|[0360005

> ©9058 ongo(modern world)eo §05:0p0o( technologies)eogseclad 290303 83cs (0360005

> opésagad(minerals)ecneclod 6a0388p5:0po0ecR03 FBemommmopdeudcdoqdcolon:




% 88 cpeca:§05005¢0 23:ges(0g60;
> a3coo|gos(solar panels)eoy ecoox003E(wind turbines)eop ogdedanos(electric vehicals) ¢y

> 630:000CePO3Qwoo(Medical devices)eop

> S:09:(lights)ecnl ecosoo(lasers)eoy  (§|cS0p (satellites)op
> @cﬁooocsegooo&(ﬁbre optics)eoy

> onodcod)(batteries)eoy

> 893¢:0504&:(mobile phones)eogud

< 02003020 ORM ©Qe(gd 83503 805:0p000g5: (essential technologies) cog(gdonwd
< opoRaentadian 0géagadeayad 30:(g|e§60md
% POOCOR, 0§:0000) §03:0p02(new and innovative technology)eoguod m[godeo § [Gz03:00050qi05§0o05

% 86469058 §05:0p00 c0R9 323:[g)3a00z05 woppd0) yciogad(different minerals)eoy 3loewrod BBy o3
326 C:32(gd(new mineral resources)eoy 83208 Evlonwdi deewrodoiogéiagad(uncommon minerals)eogm

32§2005 Q3g|0deaq03 [gpdsopdie0:daognd Jaseas(ng: coofEulowdi
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* Q49dor030))

ogozes

5 Becges

sQcoo[gozgps(Solar Panels)

03 000303 cgc:0g3dY o4, §3:0p20(g¢0gR3:0280%4, 003800y

v 868 690500:0000) a3cwo(goz(Solar panels)eogan 30§30d:qp03 69058§p5:0p00(g¢ VEPS:0daal

v eseaql(gpdmes aqdedgsiaacal ¢lgotieuionodl

v gp2e20530:[y¢ aBcos0cdeanal desoocsd Sadaps(Crystalline silicon (c-Si)eogs, [gleoSooozolornd

v okago(Gieqpe(goco3 sdcunfgo: §jeondandeozal ogéiognd(minerals)eoz(gdod
> $ea0oE3 884 (Crystalline silicon (c-Si)eos, [g1coSc0o:(Gs @a(goiogéogndeog(gdod

> e[03:8(Copper) 32E800é(Indium)i 005c80oé(Gallium)i (3E)s005c8805 {(di)selenide H Copper indium
gallium (di)selenide ,(CIGS)h 038106 0>03cp§3(Cadmium Telluride, CdTe) 3¢ soédo30d
Bowoadcd(dye-sensitised solar cells)eoy =(gE

> e[gqp:ogé:ognd(Rare Earth Minerals)eop clo&onod*****
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Sofaslons)
% 285056, Be[gdogpd:ol Badm(qo%) aadolodolornd

< 830200 606, W&qd§o(gE (glass surface)urd BB (Bc8R§IE ea00d 33 )(Silica, silicon
dioxide) eo303 322%:(g|(Gs cpS00n207o(gdon0S
< 2000¢:3(Quartz sand)eogm ©&c068m00305 Fe(gdans(0gS:(primary raw material) ¢035 (gdorud

% BE-R %2005 20§0C0) 35 (silica)eoznd :ag§3eRs 208 0€0398 (Ultea-clean glass)eog 0903 codep
o 20d2(g|0lonod

% 3luro 2oaB(gcdade0ny Bsol[g¢mapSmEeag:§03 8c8moad (High quality silica sand) eogud
33:008 0gpds(valuable assets)eoy [gdonuda30700]

% 0&coudme: ¢[god(beach sand)eogmeor;  30p880S (aluminum)i o3n3eon§u(titanium) 6q880d

(magnesium)i8, 93(iron)oo} @(go:0p¢:005603 caPe§oP030206(030¢ 9831050 aPe 3ad:6(g)(030]
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% 3¢ 20880305 aBcwosouSad(dye-sensitised solar cells)eogeo 03n3eon80od(titanium)§, ¢ 0pS: 0opSes0005
002:03 0>8&:09/80n:(semiconductor)eazdl§ionoSu

2 33legurd 03050803 §Ee3005 S33 (titanium dioxide)eols.eapod croScrSona:00 [§donusi

2 8038:0905603025 803 AB0:g9 3c503568: ccocgdadeay Bqpepan [§dedl coooa(wind-blown sand
deposit)[gdoooSu

% Beseqped 3YIC:2060Y DVDE500§,60050000) CIME0EWES a:qIeecieoln’ F&d5:aMRbE(go(ge3dl
oWd
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(0) 3209881060005 8630 J3Eeo 0ouS(It’s Twice as Strong as Aluminum)

() 95egqronad(ge:al 20000303C: $8EqPS§ 0205 (It’s Naturally Resistant to Corrosion)

() 2003 (go3Cs(ructile) 3B:0&n3(ilmenite) 4 0uC:(sphene)ecymes 00o309q§oro(gd0o0S

(¢) esosonadadCep a3¢:(g|S(gE: eoy( Medical Implants)aa0305 3205:(g|q020d

(5) mgp aveol vde(gagad)(0.69 %) 20 §(G: 806 efgond evlgp:ads(gdorS (Only 0.63% of the Earth’s Crust )
(6) :2qp3eqPeod [§¢eo:onuS(It Has a High Melting Point) { (3,096) 80§uoqgculad. 0,66q 308 oco3ndod)]
<% o30deon8uod(Titanium)o cpagn3uda0pE:e0 0o:(go:03 VoS0t Cad $8EqPS§onud

< 630:0MISICEP B2:03:P06 (implants)ed 303:g)03 @(go:00gne0a0005 Ragandudy, (GE:oudsqecia(g
§p5:0k0n05

< 2003 mgoeol¢o 8ocowedon (gdad: 20gy| (most biocompatible metal)as{yd 2003¢05002:0005
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o%cﬁcoogoo (39%05)08‘? AN

0 oode0n§uoda} g§303 soudpsdeogsacyé: agoioadaReepgo ayH(g|ones

0 oggo [Gededgpraecpé: g8odgecgyo vooesys 0Esaofig 3ore

0 00956077 6[§orco030y (prosthetics)eagialuSamdl 30p&:88:(GE sty (internal fixation)eog | og8i03uScopS
8800 (inner body devices)eoga 038ao00§050005 (instrumentation)eog 30305 egiqaSaenad 20g|[§8c0s006S

0 oode0n§u6al Bocsoinmdadeeap 2otadimaoe (biomedical implants)eczen 3:eslze c(gyp: (from head to toe)
308 3229:(g|0o05

0 320§ e{0303805¢ (neurosurgery )i 3aq:3a0p:306(gocs (bone conduction)igoz(ogo:03§woo (hearing aids)eogi giodads

300:03:0(false eye implants)eo31 eoqpgesodecnyad §803(Gssoadges(spondylosis)igad:asond (pacemakers) coy
c[geqpcs sa00:03:(g¢: (toe implants)eoys, 0§:/03e070Es08/0nE0kadq:/3e00302a0:e coRed 323:(g|0d0dI




Jéfobiel=lopT Wepletle eloslil ot kc-Le

0COMD03§6
% 3¢ s0E8030 sBounsoudad(dye-sensitised solar cells)eoge), 328m 0gpS:(gd(G: e Jewrod
326 §0q|0m:0g5: (counter or auxiliary electrode) [g|opdep 32933(g|0o05

< 8:00¢emqPadoy (igneous rock bodies)eogen 0LN30386 (Platinum) 0l§ 6§0>050005

% BonoS(nickel)3, o[3:80¢1§:(copper ore)eagod [G|[GE0§ 08 ar050pSaen caniogaSogas: (by-
product) m[§8copS: 00003848 (Platinum)o3 6§8Ea0S

% 65058 §pS:0p0000860305m caeepSFadeSimt caoScadepys BBaognS: [§803 sBcooGo:(solar
panels)ea(G|cySapen 6le§s dloSamadieons Se4a0) ap&iagad (minerals) cogd] ****
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(10 minerals that make modern life work)
0 2og|onseude(Mining)eogm aR8c03034), ¢§0900 (everyday lives) 330305 36[gdngjo3 :280533¢:
63 [gdonud

0 2ogyopéieaym 0p:eed00050060:a8030) cREi0gade0RUD

0 c[gdmpecs0oad3e3} (infrastructure) oaduogep: (machinery) §p5:0p00 § oj&eoee: (technology and
health Jeo3¢o @aee:0lo} Bas:m@eogmes vloCegonud

0 20586803 o0 (modern life work) 320305 32090(gdeod cognjontewde cogmescla00) 1Y),
o3€:0g05(metals and minerals)ea303 §8:c0ie§600 [§6000S
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(10 minerals that make modern life work)(32s003)

(0)800034) (Potash)
% "8on0dq)" B0} colurogm cciogadenys, edorugpdteoy(minerals and chemicals)olodo3 Jooa38woé
(potassium, K) 330903 p5p3§:020(gdon0d

% Bdeg §jogn:o3 0€coud(my8:(ge (evaporated sea beds) cogan [gdeolcwo0) efgezeoad8ad (underground
deposits) coganes 3o0ad8woé (RuS003 5002 (potassium-rich salt) cognd opzewdaforo(gdorwd

< 290 BOCI O3PO§ S, 2003 RNS 6§e(gdcd3503 (300 (essential element) (gdo0S
< 3gP:32:g¢ G0ad80106 a0 (potassium chloride , KCl)aoe 8 0005098000(gdonud
< 3onodé(potash)m 03E:0g05 (minerals)eozcd¢ne07) Bg§ 00§8:[g¢ol 3E:aq0d (minerals) [gdorudu
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(10 minerals that make modern life work)(325003)

(0)80003¢) (Potash)(zsss003)

O o Jo 980 90 ME>0§: 0050006 &3] (q0.)08:§005

0 messl8Ee 0d90pdim 0§]i$ (JJ.90)008: 0005098(G: Mgr005c566, (0.9 %)§orud

0 oessl(Canada) gqp: (Russia)g, 93c00:qd (Belarus )(3)8EEeulE:c0050080m (o %)o§§o0d
0 oBgo:00003 mgrapdieqod eogdacnad :8mmas: mapm oloé e§or0pS:gdorus

0 Joo03q) 00309066, (R9%) 94,3203 en0Se(gfyesss(§dad:(ogons(ydorud

Q ooady) elgpyes o3

> 30¢[03:092:c08 (plant growth)

> dB:8ap0g0d§§:e000C:¢08 (increase crop yield)

> eepolaadd§cepdsieod (disease resistance)
> 6603038:938:(gEonE3- (enhance water preservation) 32800009:3223:[g) (03020 [§d0o05

0 0q1§060m03 630p60309p5:3q|:q||: (various chemicals) sa0z033293:(g|olo>udu
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(10 minerals that make modern life work)(32900))

(0)30003¢) (Potash)(ses003)

 onghorn(g %)of-

v s00[goeoy(detergents)
v e[mgoopSugpS: eoy(ceramics)

v cao:é]:cog (pharmaceuticals)

v cqcsa:ocﬁcog(water conditioners)

v edoudqp:03s00:(alternatives to de-icing salt) oo3cgepeogeo 323:9)

< OPO36,68000:Eo0D0QED

032092208 00§:036:9m0305 6§6(gdcdm503(300E[gdonud

v onog|eqp:(tissues)

v [mgodooozgps(muscles)

v a3uSogésaadlqps: (organs) §
v 80d26,0910000906500E 9 (electrical activity of the heart)aaog03033a0H




(10 minerals that make modern life work)(329009)

(0)80003¢) (Potash)(zes003)
NgPN00§: BMY|(FonaBB806 Mad§nd) 0o3cedamEgs(9o.@)0§: /(oo J-jo Jo)

Million tonnes
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(10 minerals that make modern life work)(32s003)

() @€(Zinc)

% mgoe(g 3ol vdagen (J9) 9e(gond awevlgp:ad: (3ooc(gdorwd

< 06200Q03(Sphaleritel, zinc sulfide)o e¢ (Zinc)aaoznd 38m 20gy(§E: (principal ore mineral) [§do>0S
< 6905809900 (modern living)zscR05 0332003 opéiagadydornd

< 28egE0n03(gc:n3 $8EqpS§oroe(ngoé eaodndaneseono (modemn life) 30305 s>g§awesE(03olonwd
% (00) epemonpd:an 31 5[y efogeol ¢[n3:§ savlavolaogr| 3], s.c0000(G: 03§ ad003

g3 06603(g|983(03
< 93800gp) (Metallic zinc)od @2053¢(go03(dry cell batteries)eoyi 328:0003p0(roof cladding)eozs, padda3§:00068

(die castings) 30305c0p5: 3205:[g|0205

< 2903 &[03:8 (copper) 4¢ 3 (lead)o3cd 2o §Eecy (ores)eo Go§miye ¢03.qe00§005 d5(iron) 3cR88woé
(aluminum)s,¢(03:& (copper) coo30p06pe @¢(zinc)ad 4205800503 (trails) 32688 00050360005

% 00080 05 00§5)8(09)ec02033a8 B3G5

*** 201 POPOJVIBEE 6|032$07|GE6)C 00gR P 00030« (metals in world production )¢> e006|e 1,Yep)
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(10 minerals that make modern life work)(325003)

% () @€(Zinc)(sss00d)
< eqPo0§, es0:ol:eoy(rubber and medicines )3ad 3223:(g|od0SH
% 000500004, (G & 2 §)ad 25&¢ deadeoy adeqronmd(gcie mOmMVSY ayocodm(yd (coating) 38 33:(g|0o0S
% e[ogecl(brass) o3 ¢[03:8 & 935 (copper and zinc)o3a3 cepod (g|ardoro(gdorws
% ef03:p8) (bronze) o3 ¢[03:88, 25(g) (copper and tin)o3eapod (gjapdon(gdornd
< 2oged0g)) (alloying metal)ss(§ds, 936033063807 pp0Hog§:000|00( zinc-based die casting alloy){g|coSon0S
% @¢ [36eulC: (zinc compounds) 33(§ds,

> eePoo (rubber)codcés

> @007 (chemical)opdcs
> 2905630:(paint)opOcss

> Sodq|eeqs codcé: (agricultural industries)eogen 328maa3(gS 23:g(0g0005

< @¢(zinc) o oy (humans) 1 o3§go§(animals) &¢ 30¢ (plants)eop 0§60o0g) (03:090:$ (3|:3( proper growth and
development) 6§e(goc332503 [§SoC (necessary element) 0od9c0p5:(gdo0S
% 098203050060 0N0I?0EER §603 35( iron )Giego05 30300 BdgP:ad:e03,.607 COR§:0d® 2O (trace metal)




(10 minerals that make modern life work)(329003)
(J) @¢(Zinc)(325005)

JoJo [gp34d mgoomdod: eéadige

2306p588(gC:(galvanizing)(Bo %)1ppdd0g 050050906 (die-cast alloy production ,09%)ie(03:0l §¢
$o383(g¢: (brass and castings )(00 %),1630053305&¢ €207 (oxides and chemicals )(3%)1 0268050>83¢:
005000 (semi-manufacturing )(§%)iea0oE:¢[gocsaodmé (miscellaneous products )( %).

5% 2%
Semi-manufacturers Miscellaneous
gq‘_’?’“ » ="

il

Oxides and chemicals

| S

11%

Brass and casting

60%
13% Galvanizing
Die-casting alloys
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(10 minerals that make modern life work)(325003)

() a5250o6( lithium)

% eqpeqpe:(G: egeaqploogy| ( soft, silvery metal) [(§o0005

< 20| 2209200 @2 BS20pS:5030805:59:( lowest density of all metals) [gdor0d

< Beco:g|§eololds, (33¢e [§S0rEBmaxad 2R88w6§ ©q8aBw0S03es eapod(G: 2d:gecpgiorwd
> 803¢:0504&: (mobile phones)eoy
> 00366077 (laptops)eoy |

> 30q|00005 mEwep (digital cameras )eop
> og0edmo: (electric vehicles)eogen 32ad:(gjorudN
<% 0328u06 (lithium) oo 864§,6905 E86N0eD cp(nJd3qP:ad: 0GP c0z05¢ 0d[gdodLS

% og)00dmnieay ap(ng|n3qPeeo0e§ 30n MgRad:ge (global consumption) WD j0o | 946 MO
§dsocoqP 032 c230l0o0d




G90362000) 3CY0|OEOOY0RCIARMD D0 2

(10 minerals that make modern life work)(329003)
() 88w ( lithium)(ses003)
< 08a8uw06[goeulC: (Lithium compounds ) cogmo
> c0da8008moy8&05 (lithium carbonate .Li,CO,)i c88uo6eae003a33 (lithium oxide , Li,0)s,
a8a8uwoduladacepads (lithium hydroxide . LiOH).

oRoopS0gpS: (ceramics) 1 eqpad( greases)s, eso:ol: (pharmaceuticals) eogen 23:8¢1 sleog—

> 850504 (cellphones)eoy

> cood6eomp(laptops)eoy

> og008000:(EVs )eon 30305 anndcofeogen 323:(g10p memndiadiogpd: a[ydar 3(G: cpadgpionwd

% 3905[g§03¢:8E0) onndcod (rechargeable batteries Jeoguro 88w, eolulo} mecn:qjs, (§Se0:03 aqidod
eo0cu3 a3Cep §o:qp5( high electrochemical potential)eogal 3203:g1009:00 [§S020SH

< 0@ 30990 IBeolokad: (6005




690580003 B2YO[gdeooiortiognd oo
(10 minerals that make modern life work)(32s003)
(2) 88w ( lithium)(ses003)

/7

% deedms n8eva copcooeigrs(U.S. Geological Survey) 33¢

% 0goad:adEep c0daBw623:86(2Q %) 03:0001 Jo JO 809D VOIOEM Wa4dOMS (Jo %) 0205

> 38m me(ngociqCiamn agilodmaiey ¢(032¢0 [gdorudn (US G S.)
% JoJo [gp38d angrondo§: crdcsmadad c8a8woé(lithium)adige

> onodcod(batteries)(qo %)

> e[mpoopSeusoopd(ceramics and glass )(og %)

> eqpadaqj:q|: (lubricating greases )(¢ %)

> 20030300003836c00¢63p®d (continuous casting fluxes)( ) %)
> 3a[gos (others)(g %).




() c88woé( lithium)(se5003)
Jojo gﬁﬁ,oﬂ mémooqpﬂ; C\?qpﬁzacfi’)cql C\%O%(D&t‘lithium):)i)gti)ﬁ
904, 9%

: : Others
Continuous casting fluxes

4%
Lubricating greases ‘

14% |

° I ‘
{f Anvravrmire s milsnce
ceramics and glass

711%

Batteries
Photo Credit
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(10 minerals that make modern life work)(32s003)

(¢) eo20053305(Bauxite)
< 20g| 0g¢:ogad(metallic mineral) (gdo>0S

% om¢ gCiogmdm&(gS: (industrial mineral)as(gdcopd: 393:fgloo0SH

< B[03e00: BRS80S c003crd¢(large-scale aluminium production) 320305 036900056200 20gy|§E: (ore
JgSon0d

% mgoe(g sseoludago (earth’s crust)eo aaeulgp:ad: 20gy|[300E (metallic element) (gb(G: (o %) 9§.0loéorudn
< o9 efgeo:(clays Jeag efgadagos, eoqpad(soil and rocks )eogen vloéep§ieud 3203:(g|8 coodungsd s0533000d

<% e20pev3090c4ss (chemical industry) 8:50g9p5:000c§:(refractory)i 9&200;0@05:(abrasive)i 93codefg (cement):
2dec(steel)s, 205380500 Seq:cacé: (petrol industry) 0303 oodecadcéiaqpiaa(goien 333:giorudi




69062000 FPAYO(YOEOO 0CI000 20 Q|3

(10 minerals that make modern life work)(339003)
() e22058305(Bauxite)(325003)

% eo0pev3cyOcss(alumina)eo
> 320p88o(alumina)g, 3088006 eo0p0@pS: (aluminium chemicals)eoy 00030 0ePED 323G o>udH

< 8:d0@pS:apdcss(refractory)eo S:509p5: 0003 &34|:q|I: (g|P08 0P §(036:33(gd 3293:[gjorudH
<% 6002038303 (Bauxite)od ecound c0odad(gésapdess (airplane making industry) |

% 91008 oad¢crdcs: (electric industry)

% omdwo46P: (machinery) §¢ 365o005323:038woo4P 0003 S(géscpdc4s (civil tool making industry) 03¢o 38m
oloCogpS: (main constituent material) [gdoo0Su

< 2903 3286005 9§:¢(goodeoea0o 0gpS:(desiccating agent) saqpSdesodmognds(adsorbent: catalyst)s,
ago:n0dadCepeand(dental cements) 0005 coSepec0pd: 323:[gooudN




690580003 32RO(§oeo0) 0g¢:aRM300 §j|2
(10 minerals that make modern life work)(325003)
() eo22058305(Bauxite)(325003)
JoJo [gp38dm03E: mgrondos: coxnndal300050)0¢
§cé on§eooadeols PeCgse
@Qcoooil (Australia) 290,000 J@.@ %

Q€& (Guinea) © J,000 JJ-o %
02Q0o3(China) Bo,000 o6. J %

onep&:(Brazil) Q8,000 @G %
32E38:q0:(Indonesia) JR:000 G.) %
33§ w(India) JJ,000 9@ %

Qeemo(Jamaica) Q,Q00 J-o %

QS22 (Russia) 6,000 0.6 %
3(go:8E&qp: 9,00 B.9 %

’\)Q0,0()() 200%
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(10 minerals that make modern life work)(325003)

(§)) 03eonp(Cobalt)
% eoemponiene (hardness)§(§: @20503:003 $8E6S (resistance to oxidation) 005

% 20g9p586(g¢s(electroplating)¢o 323:qp:0005
% o3eo) (goeolé: (Cobalt compounds )eoz03

> o8 (glass)
> 030g200&(gC:(glazes)

> ¢
> ¢

oRoopde[goopS( ceramics)eoy

0R00pd (porcelain)eoy

> 33:305 (pottery)eop

> G

o3(gos(tiles)eogen cpoo3ss(goeepé(rich blue color) 0803:8 qpes§dgpigo

0306308 3205230005




690560003 2YO[§de00d 208203 20 §|:

(10 minerals that make modern life work)(329003)
(§)) 03conp(Cobalt)(a25003)
< 323:0C0) 20gy| 00 (alloys) saqp2as(go:n? ¥§03:8E000S
% on3(gnio3 a5c303g8:3w0: (exceptional magnetic strength) §o3 30505803 (Alnico )oogp 0003
> 29 (iron)
> &mad (nickel)
> aa[gosoogyqp: (other metals) [4¢ eqpod(G: [gjopd8Eon0d
< o9eonp(Cobalt) 9§8006 (chromium)s, oo§00>¢ (tungsten) 0303 colé:odao 00V3c5c303 (Stellite ) 0@ 05aq
> 203i8(gS1 (§8848:(9¢ (§ode0r0n3(gésad§uon (high-speed cutting tools )eo3s,
> 2900(dies) 320305 32a3:(g|o00S
<% 250305003205 (magnet steels )eoRs, 3@§:00C:da56a (stainless steels)eogen copdagds ads(gionwd
< 03608002 (Cobalt salts)qpad 081 ¢[gads e[op[goieogen m(goeeape(gerdd maads(gionwd




6905820003 BYS(§oc00d RE:og0d 20 §)2
(10 minerals that make modern life work)(335003)
(§) 03conp(Cobalt)zasoad

% 003§ 93008 §pd:0p00ecRed MAB3205(cathode)(g|odd od3eony(cobalt) ABsador0d

% og|0edao: (electric vehicles)eoy eqo§:on2c000006[030¢ 03607 (cobalt) ouScd30: 03:(gEc0n0d

% 036o0RMAR05 e@PaRS (cobalt chloride solution)§, 3a0c0:e (§E8E03 6(géa0 o(gjeseet [gleod&e
% 036O0RM O3qPP§ERIPORNS 6§6(§ocd3503 I2oLroe(nutrition)[gdoowS

% 03e0-Bo(Cobalt-60)m mpea:(03:09 0dwoecapE(gpdS (gamma) &,6C:gd [gdorud

/7

< eepolgp e00deepE(gpd (tracer)§, cqS3u3 eoodeqpC(gpd mad:adiep e:qi¢ (radiotherapeutic agent) [§60o05
% NEIOB0§: 000300020gI8), (R0%)UD 2G| 0636606, E:0g0509n:3e(Yd §od[ydorud
% J0Jo 986 0003000900 §3|§(090,000)0088)




690580003 BO[§deo0d 0z¢:nad 20 {2

(10 minerals that make modern life work)(32s003)

(§) 03en7(Cobalt)as005

< 03eo0y Cobalt 03
> 036000300 (cobaltite, CoAsS )(Cobalt arsenic sulfide)
> 33&§oo§ad(erythrite,Co,As,0, 8H,0)(Hydrous cobalt arsenate)§,

> 06e2050303(smaltite ,CoAs, ) 3€:ag03(minerals)eo3¢o 603860205

% 25 (iron) 8 oS (nickel)i eg (silver)i 3 (lead)i ¢[03:8 (copper)oogy §Cs(ores)eays, coléiodeoy §orud

% 0360y (Cobalt)a3 o3 co3 (meteorites )gocopd: 60R §60205



690580003 B2YO[ydeood cciognd 00 §j2

(10 minerals that make modern life work)(32s003)

(G) cg(Gold)

< 28eqonm(gc:a¢ 030300:qin38:(gE: (rust and corrosion) 0303 $&E¢pS§ 0005

% 0goed V3(gp3Bad3Iad:s, :2(036:503 agiOnpiogpds(electrical conductor) [gdoxoe(030¢
> op&[g)ooo (computer) 33cood cogs:8d (electronics)s,

> [GieSorsoadogudesespdsopos (satellite communications technologies)eogae0303 vge(gdcdad
< &g (Gold)uro 386:eqpC§pS20p00 (green technologies) ¢o3
< op|§seneazeonceqpade (healthcare)eoy §

< 30qdonudmgo (digital world)eo saee:(03:03 2ad:(g|ecoras(gd csapunes(d (gdonwd




690580003 B2YO[gdeood caciognd 00 §j2
(10 minerals that make modern life work)(32s003)
(6) eg(Gold)(sss003)

0 3a0g8aq)00ntemnc:o} 20gy) (highly conductive metals)eo3(gdoy e(03:8(copper) &, eg(silver Jo30d
on[gpSe[gpds vBuglaqadd:agoiono (corrode )sloewnod mweepler:8dagniorog)s (tarmish Jegolon:
0 §:05(G: eqpe(goC:ojogpSs(soft, pliable material)[gdoo0S

0 3a0g8620:(gEa) §8:(03): (narrow wires) :(gd sacgudonm §§:9303¢) (easily drawn)goood

0 330980l:09203 3Ro0l:as{yd qgoood(plated into thin coatings)od §oo0S

0 338953¢:a3Cep aad20g3 (physical properties) cog[030¢ egod d[gugoS: (ideal material) 32644,

38Bondooeepsd s05005eay (electronic applications)en cqudmqid[gsgs, 2d:ge§00o(gdoo0d



G900 N0 FPOOO|YBEDOD 0C0RM 20 §|3
(10 minerals that make modern life work)(329009)

(6) eg(Gold)(z25003)

< 00050482 Smartphones)eoRen egi 6[03:88, eg (copper and silver)saclaaoé vopp8o? [3éogpS: 3805 3dE:
(different elements) (Go)a§ olo€ond

% 8 sogad:900d:m0 agI00de0053e0: S:s08:9emnio) agdmiognS: (conductors) [§6(Gs soo:d (circuits)eogen

3ogsolagoo; eg(gold)s, $:390000:0006(030¢ 020§p583|055003¢ (durable connection)o caogPEOoOVSI

% [§cS 07 (satellites) coneo cgeqpC(gpdsapact (solar heat)e o0RuSB=0305 cg§ 3000203 §Ecw :2dey
(gold-coated mylar sheets)ad:g(030005

% 28ap0S§03 eseapi(gpde,capC(gpd(googade (solar radiation) cog so0deapadge MmomRuSEV:RIRNS 32220
0039|6036, 2:008600l03 gindgomo(astronaut’s helmet visor)a3egaaagook 3306(Gs(g|epd00n00S

% R&[goro 022 B3 (circuit board)e), 3280333E:00039(gd03 §E6(Random Access Memory Chips ,RAM) o

R&[g)or2 copdoode eodpocd (operational memory) 03:[g¢8 saag§eanicudol egecvicoy copdagEic00:0005




(6) eg(Gold)(sss005)

Photo Credit

6905820003 B2cS(gdeood ac:agad oo |

(10 minerals that make modern life work)(325005)

Copper, old, shver, and tungsten ane used for
elecincal connections within the phone. Whieh
motal i chosen depends on the neod. For
oxamrple. whin shvor 13 the most conductive
metal 9old never tarnishes

COPPER

s .
)| TUNGSTEN

MICRO-CAPACITORS

MiCro-copaciors reguiate the electricity flow.
Appie managed 10 guarartae the use of
confict-froe tantahun in Fobruwy 2008

N
\

) TANTALUM

"\ SILICON
/ The phone's processar

s mainly made from silicon,
Dt = 15 bombarded By varnous
eloments Lo Gve It SuDerior
elctrionl properties




690580003 BS(gdeood Rciogad 00 q|2

(10 minerals that make modern life work)(32s003)

(Q) eg(Silver)

0 qp:ok(G: 0283:§000¢[030¢ (rarity and value) cpa8gpzonnd

0 cg(silver)ux 8686905 pese 90091 320gs 3233200p30l0005

0 c003003q00§96038, cgoopSugpS:coy(jewelry and silverware) 320305 eqzuaémonpS:on 32a3:[g30005

0 $3:00§20g0] 020 936320005(g&:4¢ ©20305:¢ (corrosion and oxidation o3 3§EqpS§o>0S

0 3(g0: 0059c8c&:c0330305 3208320308000

0 3le(gei egon 20g) 3020920090 IEmMaad: 3208 0q00p:09p5: (best thermal and electrical conductor) [gdoo05

0 3luro 6goond 200098330203 OaS20g3 (§doLS




G080 cTaw Gc»orBog 30300 00 l:

(10 minerals that make modern life work)(325003)
(q) eg(Silver)(sss0c3)

2 eg (silver)on eg (gold) §, adoqinda0eq s, 32§ @:80d¢( glory and attention)df: 03 :(§eqq8Ed]
% 3leog mgoeoleo 323130853t § 00833 ad: 20 e0zade P6I[Yd nysfesad(gdornd

< escap&(gpSspdiopao (Solar technology)

< FBoondoogsedognds (electronics )

% newaée[ng:0980ewo( soldering and brazing )
% m&qconudec (engine bearings Jeoy

% esotol: (medicine )eog

< o022 (cars)eoy)

< eqoo§ole (water purification)coScéscoy

% 0030050040 (jewelry)eoy

% 0§:0§305600005 (tableware)eogoo} cepo3C:¢d condeoy mayeoz§culonwd




G0N0 POVO|YOEOOD 03CI090 20 l:

(10 minerals that make modern life work)(32s003)

(q) Gg (Silver)(325003)
Q Ggsg gondgudemnc:op 323:ge(00)q):2

(2) cedeond0nos(Cars)
% eedeondung fMotor vehicles)eazu ecoaeoad (fuel)al §8se0:000:6862003 &g (silver) ol cop5:88c460005

% 8:05u0: 3Eood o) (The Silver Institute)s), 3>a332¢) §605 code0rdu08005c0deq:90 e (silver ) caolso
(96)20&:c095(36 million ounces) o3 3223:(goqIn3§ 005

% 69058 2282900103 agI00d]|od5003903¢E: (electrical connection) 03 eg & $:3p0000:0) FBOOSIBARVIPS
(silver-coated contacts) ([§¢ 3200593E:602000:0005

> 38qI€oonc§:[ge: (Starting the engine)
> olola3€$eoz03 §1803(3C: (adjusting power seats)

> olol[goré:edlodeoy ¢é(gé: (opening power windows) & clolegoa3$:805(g¢: (closing a power trunk)
copuad B3 §03500596(030¢ 3rSE8Eo(ydornd




690580003 B2YO[ydeood xciognd 00 §j2

(10 minerals that make modern life work)(329003)

(q) eg(Silver)(325003)

(2) ce3e009002:(325005)

% eg(Silver)m cedeorduongBoniméeqindcopds @ecoomdaa(gorud

% 36§20000598 (M2POSERED 6g.ccomaesol)eogen egeqaie(ngq)d: (Silver-ceramic lines Jeo3(g|O§con:(Ge
BQe0adB0333| eqdeoy BwapdeqP(G: 9§eonn? [gP:eop méioleoomnd

% g6:ea008apd(g¢ @0od0c0d(high-performance spark plugs)eogen eg(silver)a3oopdagds ad:goonionne(0gog

6207(§009¢" (30e0lC:000q)s[gdo) Boocwéiemanndad3 (ethylene oxide)opodagodeo:(d: eaw:d9e mo0g0d

c0:005(The Silver Institute)




C9000D00: cTeb) 600503 30300 20 l:

(10 minerals that make modern life work)(325003)
(q) eg(Silver)(sss0ad)
(J) escap&(gpSepS:0pao( Solar Technology)
0 3038050063505 (photovoltaic (PV) cells)o cpa8gpio) adcooa0aS (Solar cells)eazan cgeepc(gpSad agided =(gdad

e[godacde0z0oogdoruSu eg(Silver Joo 338 ¢[goé:a3(gé: [§eolwocod cvdeanrden:o) 380538E: 0rd3(gdorwd

0 a8:c8v0: 3aCoodmy),(The Silver Institute)s, 325036 cgo 4, (Silver powder)eoga’d s8cdnp§cowo (silicon wafer) coloéo3
323] Badeqp(paste) 3(gde[gol:03930:00051 294, ArSea0oEea? c[goqe s

0 m0oé: (light)oo 884 (silicon)o? 030380333l Broadoogs (electrons )eoy cgodagadaroe0o0S

0 oogoeo e agdr:0905:(gdo g (silver)on gj059E:a820030 agiSode00339:03 3203:(g8Eemo8 sloevros
c§98008 8 c003093a3:(g|8Ee309¢ 0ScodaBiecze0 3eapréd vudSesoodenionnd

0 c98c&zad: sBcwo[go: (Commercial solar panels)odgdeo cg(silver) ( Jo)nq8(20 grams)ss, dloéecp§ornudcd 88:48:0388
(Mining.com )an 903g]03(g002:0205




(10 minerals that make modern life work)(335003)

(q) eg(Silver)(sss003)

(3) Bcvndoogsied §050p00 (Electronics)

2 B:c8eo: E00B oy, (Silver Institute)d), :2s832q) cg(Silver)uxo Booadoogssd 03§uo03E: (every electronic
device )o3c3¢o 603 88005
2 OPod960 2eE3B0o3290v05 (on-off switch)ol§3qE 03¢0 eg (Silver )33, §8E0S
< 8 :[gjeaploogy|d, cgsn303 agidedd:onze(superb electric conductivity Joo
> 0380§200:(gé (TV screens)eoy
> 20905 (switches)eo

> 0835022002705 (printed circuit boards)eos,

> 3[go: Bovndoogsed codmé (other electronic products)eoaoz03 32a0¢e0r9ad:(§d0o05



YN0 p)~ 1o p10]0 5 FCYO0|§BEDOd 0C30Q00 D0 l:

(10 minerals that make modern life work)(335003)

(q) eg(Silver)(a25003)
(¢) neweaod(ge: &¢ (032930 newreso3(ge: (Soldering and Brazing )

0 eg(Silver)a neweso3(g< (Soldering )§, ¢[03:030 newdesod(gcs (brazing) 038,00520050006¢ 38MLPPS:(§O0o0LS

0 3od (pipes)ecgioddEesliés(faucets Jeoqigs (ducts )eons aqidodoludafad|s (electrical wires Jeoz0d sogy38E:m0

metal pieces )03 0330056pe0 23:907 30§ 2863(g¢ 30l §0p5(G: newresod(gE: (soldering)alyevrod

c[n3:0380ees05(gE: (brazing)sd(§: op(gosogazonwd
0 neweso3(gés (Soldering)adomom 303§ (BoopSndocodndodemmradien g aedimocayn?

colé:op5:03 5005

0o (98(G2 ¢[03:0300ewn ea05(gés (brazing)m 3204)§ (BoofBodocodnfod scoaden gy aedimecayo?

colésopds 0f s00300(gdonudH

0 &g (silver) eclo31 :aa30l ods003¢ (connections)eazud @coogRd:e0z0d SE$ @ (sturdy) v38600358Ee

(leakproof) 3loewrod agidedenodmen: cagpadmia (electrically conductive)eogafdcen ewyode
zEoadmy,m §Es(goonzonudi

032¢:s aB:cSwo:
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(10 minerals that make modern life work)(325003)

(q) eg(Silver)(325003)

(5) :a&q€oudqéqp:(Engine Bearings)

> qod3Cqi€(Jet engines)eogs, §uo0300053EqIE (helicopter engines)eoy 3s0056(god cwpS0038ER Boz0d egoogy|
(silver metal)aacol §36oo0l

> [gSe0:03 32044 high temperatures)eo [030g5g> copSuodesqore(ngoé qodaacqic(Jet engines)eozs, quooduopd
3Eq)€ (helicopter engines)eo3¢o 020380E23:8607 candcdvudqE(ball bearings)eogurd 33(go: 00de0ReD 005508
2329609 600050056E (ball bearings)eogooad 38384, (§: 079§525:98E Bad0lonwd

> egoogpd 868(gC:(Silver electroplating)o aaéqi€eozal 38(033Ecomudialem(gé vudeé (bearings)eoz§ 9036,
a3ud00pdeogae(030:¢90 ([gdeol o8 Yodo3ndendcopds cagpgeedEaias(ge me(ngolionddodep agentec(0gog
3EqCaq0 ogoifgeiaaynd Bodqqueoolornd

> [g¢en:0) 303)§ (high temperatures)eo [030p53g0 COPSV036§§0206(039¢ QIIBELLIIFEE quUICSW] BEQEETy
0o d(F:e000 EMDIBE|:IP26e0g000 Jeese[ngooieonnadwndeC (ball bearings)eoy 03380205




G0N0 cTeb 600503 30300 00 l:

(10 minerals that make modern life work)(329003)
(q) eg(Silver)(sss003)
() soe:0l: Medicine
< 20059&dgPigOM P F0EPo§eogL caPnldimiond([gliomonmguddanoyad egimieiomeco: coge, godad:

(newborns’ eyes) 0303 eg&n30c0od oad Ie(goodan(go:03 (several drops of silver nitrate) copdeozdefogoc:

sB:adwo: 3Coodog) Silver Institute)ase) Bgorud

% 0coemgood (World War I)a03¢: 0defg(geen sadepeazal egqlodol (silver foil )§, 0o3002:(§s §03§E:03 acsdep

eRo? ega, g deozfogonud

032620280 D503:§:000:8:60303 LSqP:Q (to ward off bacteria) vo303:e0R8, c86:es02 (bandages and
ointments )JecRen eg(silver)eoy oloécooomuded aCoodmy), me(goovd
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(10 minerals that make modern life work)(32s003)

(q) eg(Silver)(sss003)
(6) soe:0ls Medicine(:zaeocq])

% Q)§:00663600CEEPOdY CO§EORUID G 80E0:58LEqP3§ 03 (antibiotic-resistant) “olB:canoCeoy” “superbugs”
a3 033053 IR eglgdmfuoneays, cconnddeqogpd: (silver-embedded equipment and

supplies)ec3(§doy 38odm3§uooeay (surgical tools)i 6s0:03:320 (needles)eay §9:{03S(stethoscopes)eog!

ofeonon(furniture)eogs, 8oSo(linens)eozad v@nd:eoz¢0 egnBopdaCieult:nd ad:goonfgonud

% Bigntecnnd 0303¢n38man0d modadono(catheter)s, 322005q) (08 (breathing tubes)o3ed eso:onadadEep
a3§ooo eop03 egagr3ad(gE:( Silver coatings)(g|apdewia00:0005




G0N0 FPOVO|YOEOOd 09CI080 20 lz

(10 minerals that make modern life work)(339003)
(q) eg(Silver)(sss0ad)
() 208 0E(gC: (Water Purification)

% 8003 ecqplig|es0) cq0&0 20§60lC:qp:g> (millions of water purifiers) ¢ eg(silver) adeog&Eonnd

% og (silver)o cqo0§ 0034, cqedeoy o 30303:§:000: § cqpd (bacteria and algae )[gdeol co(gése
029:88:6020005

< 0003030008 (bacteria) cmc@qé: (chlorine) 1 3 (lead) 339§3ag0: (Particulate matter (PM)cogisaé, (odor)s, 0o§)€
00538288 (trihalomethanes)c8esl o) @20709p5:38903 vuSqpievi000S

2 630058q)E§,03(3: eg(silve)ud 3g8:000503 208 0Ees0: (powerful sanitizer )32(gd cvSes0oEc0000S

egasciu§:(Silver ions)ecnad G:a0053es0:36[yd §Ognesevicos(community water supplies) eqood (pools )Jeoy
03§ (hospitals)eo3s ook( spa)eoys), c620§0C0) 0§deore> copdagEconie(ngol: Eocdmy).e Baorud




690580003 B2YO[ydeood xc:oqod 00 §j2

(10 minerals that make modern life work)(329003)

(q) eg(Silver)(sss003)

(0) oo§> Jewelry

% eg(silve)od condoo3qon§o (jewelry) 336480005t FBEoddqPqP: 3239:(g)(030005
< 38105002 BEOOBY| 6,390 COND005610787 ¥§03:296TUND CVOSEMONSETR! §2:0EaR§, CVPSREOZCY
0gpdiecnad ¥§03:0333l eg(silver)amon: oorocoleg (sterling silver) 03 ¢[goc:ad ads(ogonnd

< ooxcoleg(sterling silver)adonom eg(silver)(@ J.5%)8, ¢(03:8(copper)(qQ.g%)eqpod 00200 [gdorud

% oomculeg (sterling silver)o 6038Eec0o036330¢ 039g580006(030¢[gdonudN 3la(ge Podvegrondoos

02§> (sterling silver jewelry Jeogan egon500560285 (gold jewelry)eogo0ad §MRIEH0520032020005




seoRpanod Bpqpapecd opgrapnyjoo g,

(10 minerals that make modern life work)(saaocq)

(?) ¢e(Silver)(sasom)
(@)0§Fm§ﬁcqpoeocqp@ (Tableware)
% egoopd (Silverware)eoy vro ©2:620005g¢E0R30305 [Mgad0Eq§e00) 323:36500¢ COG|[gdornd

% egoopde0g6), 0905 M20d:d8Ea1 0xEonuS03 Bmeaplmantieoye(ngoé eqeqraopSimul v§imEgadewo0ad
cona[yd v§03:(G: 350¢(g¢ apeags, 3336300 :B(Yd 20050055(0g0005

(00) Bzon§0g|9es0oC:e (Precious Metals Portfolio)

< eg(gold)od 3:3:ondogpdimess, 206090002:0005(032003 6 (silver)adcopS: 38on§as(yd 2005¢05000:0005

% og|,396¢ egegpe: (silver bars)eayi egadl(go (silver coins) eo303 0uduy Pes02E:0) EYIPOLIO 368303
690502:35(§d0205




690580003 BO(gdeood Rciogad 00 q|2

(10 minerals that make modern life work)(32s003)

() 252005074t (iron ore)

< 2820g4¢s (iron ore)ecyan 256 (steel) 0o3crdem(ge gpi(giapoicnodiméecoy vod:aped e
329§:006 lo€onud

2 98201 §&: (iron ore) o384, ( eo %)apSEas:8 00 deada0050m38[gdor0S
> 03&§ooo (Tools)eoy
> c056033000: 3803328¢: (automobile parts)cop
> 36300003233(buildings)eoy
» o5000:(bridges)s,

> 206959 (ships )Jeoguad 2deB§, [g|apSc0n203 VEpd:e0z03e §S:cLS(YdoLS




690580003 32RO(§oeo0d 0z 20 {2
(10 minerals that make modern life work)(3ss005)
(o) oi’xaoorScrﬁcEF (iron ore)(z230M)
< 3[go0d:gecoymess[03p3ae 2520g)§<: (iron ore)od
> 99920000 (ballasti)
> 93c0de(g maoamo 0o3cnd¢l ( cement clinker production)

> eoqpod8:eag: esoze(ngo(gé:( coal washing)

> coéalienqpod 3e(gdogpd: (crushed road base material)

> enode(g[ogen (fertilizer)

> 98820550 8810080005(g¢:1 (dense media separation)

> 2363005303 eapl(gudesosqp: (iron oxide pigments)

> G205 25c8adqp: (ferrite magnets)

> eqdacenodeg optioneud(g: (oil and gas well drilling) 1 eo03eepE[gpdaoongudeq; (radiation shielding) |

20§ 0C[gCs (water treatment)§, (302 32093(g) 3299:q)¢ (specialty applications)eoggo copdsapsagolonuy)




690580003 B2YO[gdeood xciogad 00 §j2

(10 minerals that make modern life work)(32s003)

() 00030386 (Platinum)
% 0052305¢6e:038woo(telecommunication devices)eoy 30305 adonoemo000® emMNLS[AF): (fiber optic cables)eop

% 630:0MBEdood (medical apparatus)eoy

% og)0odogpSiacudoniecoicoy(electrical gadgets )8,

< 336230@p5:3cud00: (household gadgets )eozq), ag|08:005c0é:( circuit boards)eogen saeqzolo) BadimnaRe
c3028gade0:0n0S

% 803:9888:03 00p5(8Se0q$ (to stabilize heartbeats)ogdodop:a0iqp: c0:33 (transmit electrical impulses)

PR §05:98003(pacemakers)eogen [03:60:6000 B Vlo€orwd

% pFYPIP00S§CCoas300300 Beasn3: 20g)|(gdonud




690580003 B2YO[ydeood caciognd 20 §j2

(10 minerals that make modern life work)(32s003)

(00) ¢[03:& (copper)

0 8esca05cpes00 (modern life) 3203035 aveas(0g:ad:

> 3363%:090080luoo(0djzey

> 8:3eqplq ué:Bieoy
> 3620t C0589:6000005¢ (030 03§e0g:A ¢

> 0059005c§:32000 (New industries)eoy
> [8L.[gesaqE @(urbanization)eoy

og€:0g0d(the most vital mineral) [gdo>0d

03:800lodnegolon:

03:8 0 R18c00d03mgr(n3:08 BRS(ydeoo e§e(gdcdaadol sogy|[gdorwd

> 32§8§320788,03:0006803 60203090eqecocé: construction)eoy

> 20§:6000E4) 09 IBoadoogssdogoS:(billions of electronic devices)eoy

> gosadion ¢[03:803 F020dies6000(gd 0005




G000 FPOR0|OCO0D 09C30Q

20 @ 13

(10 minerals that make modern life work)(335003)

(00) ¢[03:§ (copper)(sss005)

% 0300-§€00¢:(COVID-19) mSeepalaaognd 03008§0pe0g6), 39600204 (g[g|0d36 M30&3:000

> 0§ (glass)

> ocodomd (plastic) §,

> 3g§:008:5056ad (stainless steel)godso(géeozeoleo qodeoliqpago gEa0§ &Ecud

> ¢

03:84|0549(E (copper surface) coleo §283E:mnE: coad:8ée

032¢: 2860005

< ef03:8¢0 eqpol [§dco803 005§ :q|:03 03¢ E38E03 G:0058E03 naBGIeorgo0d

% ef03:8(copper)m a3¢), §:0058E030ad0g3¢

039§ 2005308:§:000: coyaB0E 03n30058¢E dlovud

% gleymenny 6905890003 BAYS(gde00; 0g¢:anad(00)q) 6,3 mpiy| So(gdorud****




386seepC IBae(gocss ogciagadqps

O 388:capC mm:aae[goc: (green transition)adorom

“00508:IC4¢ G6§PS5053E(§e we[go03 cond§angrae(gmacs (current environmentally
unsustainable global situation) 339:0326], CpE§6900 03:00058 650503 E6)PSP50IED H§E§20D
3[40 §[jz0d0ndee; & [CS:q8:e6203 0x8:30:c0:07 MEVI0LQE,003(g§e(03(Gog|d¢0 cud(goonia)
06 ¢[got:adgeunny)uao (social change strategy)” of epdpg8:00o(gd0o05
< 3386:eqpammane(gocien :8m Bdasimngm vloéesornomdam

> 206:eepCyo:aac woeae(goc:(Green Energy Transition)gdoo0d

> 8 oimc(goian @O[pEseconCoo(Fossial fuel) cogn’ 25:(G: gd:aConodcodesapa [§§cops
[923(8)2(§ 2005@20>(Renewable resources) co303 232 (§: 233 (Energy)ono5cod@d 860o(go0n0d




sacho celopticel= [be :$°og 2:09005q0:(329000)

38:cepCgad (green energy)
< 200020 0050§:QIEB§:088266 cmqIES(Environmental Protection Agency ,EPA)¢), 3253306)

> 3288:eqpCgeiaat (green energy)an 209990 0030§:0qIERBEep B seMi@:eax0) c0:gs:8Ea) gdiaacnd
e[goomo(gdonnd

v cscepe(geS (solar)

v o (wind)

v o98mg( geothermal):

v 8oenodeg, (biogas)

v o88n3gspdie000 cq@aniag)00d (low-impact hydroelectric) §,

v 2qpSmati(gos803 8ocanEornas:x@s (certain eligible biomass sources) gpzo 0goSo) gdimEeaydlod




3288:eqpC Bdonsaae(gocss, ogcagadgp:(sesoad)

(g8 005 (9p3(8)2(§ gS:32¢ (Renewable energy)
> ecoge:aaé (wind power) &,

> c§@8:35¢ (solar energy)o3a3 2092203203¢: 3250036(GoS 22083208 [§Sc28§E0} 2é:m(gd cogmes
600003 g8:m&odeslonodl
0 cqgpSopSodeon gé:aad (sustainable energy)c8copS: esleoleopsionnd
0 [G8copS (038125 gé:32¢ q&:([gdcoy (Renewable energy sources)on 3§ 3005§03 g8:3¢ 32q8:35(gd

(finite energy source)@§o§ chocﬁgzsogz$° 9’30368. (coal and gas)eogc$ q]5 Qézcmoém(fossil fuels)eols,
50§,09|C005 [gdoo0S




% 3288:eqpCgeimt (green energy)s, (9§c0p5(gpd(G|:(ggS:32¢ (renewable energy) a3 ordslorecogn 3a(g§mocn§ad:g
cop§[gonud

% sleod 3sd9

(032290 F2805:c0503033|00§ 0005

< 326(gda0:(y¢ 3286:caplgdiandaania: (all green energy)on [9§copS(god(3):(ggd:aaE (renewable energy) (gdonwS

% [98c0p5(gp3(3):(§gS:3¢ (renewable energy)sso: ad:neony 32862 cqplgdian (green energy)owrodol

< 3286:eapgo:3C (green energy)m [g&copd(gp3(G|:[§gs:3e¢ (renewable energy)d), 3293 0069205(gd000S

% poe-eqI:0q00d(hydropower) a300 cqd:322:033203:[q)(3: agOedgs:aé oduroro(gdonwd sleod apum

286:eep¢ go:aa¢ I3[gpdmo wwrodulon:

% eq@220q|00d00038 s0p5(03: (large hydro dams) cogopSes0205 0005

> o0decodcéieoy cvd8 2066002080Ee0z03 gEicuci00q0005

> 208e0060p(g)$:03:03020005

> 60W0§0QBBE00005




3286seepC IPoae(goce§, 0gcsagadqp:(ses0nd)

204§ Cse0096:3¢ (clean energy)
0 coo00a? podp0é: eo(gtiesop ge:mae(gdonud

0 v§cda36eo0deg, (greenhouse gases)ao§p5:c05600005200 0gnd00§|: Sleewod ad0eaga30204):03 &3l 0o

0 3le[ngo¢ 208gE:0996:3¢ (clean energy)adono 20§ 0€ojeco(clean air)a3esl oo
0 3288:c60¢@e:3C (green energy) e 200020306/ C:33(goqp:( sources from nature) ¢ g§o2o(gd0o05

0 [g8§c0p5(gp3(G|:[§gS:3¢ (renewable energy) mjeon? [§§c0pS (gpd[j:con8E0) qCi[gdeay(recyclable sources)ae)
02 (40005




386seepC IPIe(gocs§, 0gcsagadqps(3es0nd)

388260 go:3E PG| OG-

% 326 :2(go§):d0afor :288:eqplgdimd B meiqpigofolorwd

< 32§)|,6000 IP:FO0: GORMN 33:20§,00508:MYE Sleewrod 282208 e300 aogenqPorodolonwd
% 286:eaqpgd: & (5)q|28, 2033030523:9607 03C1080560303 FMYS:5||0cwd(gogazolend

> .?esleocigaﬁuqfsaql(Solar energy)
> coepqp3ag(Wind Energy)

> qemsmﬁpqﬁ)qfsgqlmydroelectric Energy)
> 80@0{E§(Biogas)

> 8ocoeoqpo(Biomass)




POC 2G60C IPMN3IEG|YOC:§, 0xC30R00Q):(329003)
c§eepClgpdge:an (Solar energy)
0 macoczeqpCs, 3¢ (sun’s light and heat) 03 3293:[q)(G: 3286:ca0gd:3aE/[g4c0pd(gp3(G|:(§ g6
0300050902001
> escaC(gpSgdiaad (Solar energy)q), 3adimqpiadiddm
> a3coo(gos (solar panels)eoy § 303 c50rda0aS (photovoltaic cells) oz03 323:3|070(gdo>0d

0 3038c50des0damnieutoad§)(photovoltaic power stations)eozudd (03:60:03 e[gagadodeozeo adcoo(go: (solar
panels)eop 3loewr03 303805008005 (photovoltaic cells) o303 82:§:[gE: 00698§,006908mS Jjods0nd000:(:
cgeepC[gpdod v6:098E3( capture sunlight ) 8o5c0:000:000(gd0o05

0 338e0ps, Bd(goravecsoondmeogeu] 9ocopd 290308 0odslondéen [§Eeay.q¢o(gdonud

0 a5c5(cells)eozal s88: mg§sodom00gpS: (semiconductor materials)eoRs, ©§03:000:025(gd0205

0 egeepl(gpdon s0cSecnn’ aBeoy 0aa3l (sun’s rays hit the cells) | 3s03006(atoms)eoge 33condcogé (electrons)
coR03 6500030350005

L 333 350005009 860307 005(cells)eoge 01s0¢ B:30C:60|G: OQOOBCROICV:0D (OO0



3803eepC IPoae(gocs§ 0gciagadqps(ses0nd)

c§eepC(gpd germacm0305 ad:96ea00 0g¢:Qads, VPP
0 803 808008 s8coo(goz(Solar PV Panel)ond3 (G088 c8a803 aogp) (Metals)s, 0gé:og05 (Minerals) gp:
(0) eg (Silver)
(J) olo&80o8 (Germanium)
(2) 23(gy (Tin)
() 30%08:40(Arsenic) (00508106 33950883 00d3E agidap q180) (gallium-arsenide semiconductor chips)
(9) 620085305 (Bauxite ) (00988008 (aluminum)}
(O s (e it ) e Mo A e .

(q) ¢[03:8 (Copper) (olooo(0d2; ol:agoeaon 3aegovladcooadadqps:) (wiring; thin film solar cells)

() 3268008 (Indium ) (8QcooadaS)(solar cells)



G§eepC(gpdgeacannygnl 0§:gqeadd 03c:0ga34, g qps(30a3)
(@) 3(Lead) (9003008 )(batteries)
(00) cupodoSempad (Phosphate rock) (66206226 00)(phosphorous)}
(00) 8c8mo (Silica) (83cooa0S)(solar cells)

(0) s005c5c881oé(Selenium) (sQcooadad)(solar cells)

(99)2520¢p|§€:(Iron ore) (256083 )(steel)

(96) ee305c08846(Molybdenum) (8038 0S0nds00505)(photovoltaic cells)
(0§)n058woé(Cadmium ) (0lzqgoeoon aqgoukadeonadadqps:)(thin film solar cells)
(96) 00505 cpdwod(Tellurium) (s3cvos0ud0d)(solar cells)

(0qQ)o3ade0n8w06 3Eemondad0d (Titanium dioxide)  ( sBcwo(go:)(solar panels) o3[gdooud




328oseepC P E(yoce§, 0gciaymdgPL(Ipe003)

ccoge:aac(Wind Energy)

< 6o0I0: 0799%¢ (Wind turbines)eozad 3a3:(g|(G: ccoe modeo) gdimca] agded( electricity )aa(gda3 efgoczad

0203 (9§c0p5(gp3(G|:[g gS:32¢ (renewable energy) 0od3(gdoo05

< oo (wind)udd §p5:0p0006000306¢) 6§60 AgMBE0l Vo) 3}QJIE0o(gose (differences in temperature) §, 3oY[s00D

(byproduct) :a¢84, (gdeol o000 [gdonwd

> mgocmoqe‘l. eée&aoo@ 3993@5 (uneven heating of the atmosphere)

> eonoéeoy (mountains)

> | $9S:e0p(valleys)

> 6800500p56¢0 §e803 [§ludeogs,copSuade (the planets revolution around the sun)e

039¢ 6000303002070

< 30005(2)30] 6003:07993¢ (Three blade wind turbines)eogmn ccoaan: (wind power) §, 3gp:ad:3005006§005

<% escapC(gpSgsiand(solar energy) § 603031 §:qE:03 8vooe (simple principle) 0od9e0l9o00205(3: cpdesoolond (gd

> eoo(wind)oo 02003¢(turbine) §, scondeay(blades)a’ copdeomn 3ogc:§omo (internal rotor) 03 CYPIEVIOOLS

> o), copdocdem 0eqdd (main shaft)od eg oqpeo(§: qIE§eqo (generator)od copdoodmo agdedesod

(electricity)od 0&03:602070(9d000S




386seepC IBoIe(gocs§, 0gciagadqps(3es0nd)

ccoge:aa¢(Wind Energy)3e0303 032966200 03E:09038, 0|48
(0) m§fespons, Jeoqpad(Aggregates and Crushed Stone) (og&m&aeayad)(for concrete)
() 6920053305 (Bauxite) (320988008) (aluminum)
(3) e[gem:§, eqooemypad (Clay and Shale) (93c0de(g) (for cement)
(¢) eqpaddieag:s  (Coal) (05ea3320305) (by-product coke is used to make steel)
(9) a3enp (Cobalt) (25c305) (magnets)

(6) ¢[03:§ (Copper ) (olooosoada305¢)(wiring)
() eola& (Gypsum) (93code(g)(for cement)

() a520¢|§<: (Iron ore ) (2%0c3) (steel)




C\)G?G{F:?B(EKWind Energy)sfao?oqj d?:@qsoeo o?ca;o?oqﬁ ooorSdBe@(sfaaocqp

(@) o}:eoqpod(Limestone) (93code(g)(for cement)

(00) ce3c0d386(Molybdenum) (95ea320g 00 )(alloy in steel)
(00) e[gqpeeao053a33(Rare Earth Oxides) (95030519003 008)) (magnets; batteries)

(o) @&(Zinc) (32qgo3p0(gE:)(galvanizing)
(99) 8823 (Silica Sand) (93code(g)(for cement)}
% eonleaqien MEmMEDeE 25eqpe: (concrete and rebar)on§q)é (0,000)eoqd cloé&éonnd

< 3203CIIPONICOPIEHS.MD IWOYPE Y0 VY §O 0P § B§05 6 08 0 60 (130290 JoroSulonwd

% Q|S:q| eqpoCas(gé (average tower height) 9o (@) c0 98 [gEo0S

< 0880059 BecoomdBM(§Ocod:2R0d 0rdslodes 03Eearnd Bsndeordeondmad §ndorod(gowd

< o003 daoc[gése, [03:e0:03 Bdecv:gI§a3 00p5(86c0d vcodewolim 2ee:

0320005

< 66530560l 900p3(G: 0039E3:07093¢ (industrial wind turbines)eogan seecvzg)$ (06g)on8e (296) 00§3203

/ 800058(G2 08§ 8E0005




388seepC IBae(gocs§, ogciagadqps(ses0nd)

C\)G?G{F:B’B(E‘Wind Energy)sfao?oqj o.?:@qooeo o?ca;o?oqﬁ ooorSo?e@(sfaaocqp

0 mweedmEqEe olgéond(gpdsudmncg,3E: 0005n3§:(§),(Spokane , eastern Washington)eo
2e[g@adojmpegrndelgoad 3o gy opiesdea:aaot:(Northwest Mining Association)s, 325036
Q (3) ©qlod 6c0339:0293E(3-MW wind turbine)o>69320305

(0) BeaB(39)00§

() ¢[e3(5.q) o8
(2)ogsm&(o83cwde(gs, eepon) (cement and aggregates) (o, joo)ood

(6) 32088008 ()on§

(9) c[gqp[goocqps(rare earth elements.) ( )oo§ cBzp0¢o[gdorud



3BoseqpCamiaae(gocss,0aciog0dqp:(325003)

3020 000ge:3¢ (Hydroelectric Energy)
0 8:508:640) cqeo gd:3E§0005 B8gS:aacn’ weur(G: agded crodapdoro(ydorwd

0 ogpee[godeo) codze(ngol:nd(god(3: eqod 0p8:8 cg agpiengluro memnt:ad: goiméal [ydcolcodéornd
0 eq@eniaqSod (Hydropower)mo

> 003E§, og0008:005 (turbine and an electric generator)od eqaenad: cYPIuod(ges(gé cee,g:30:03
oq00dm(goa] c[goé:adeuiol(converts the power of water into electricity) (9§c0pS(gp3(G(:([ggS:a0aE:(gd

(renewable energy source) [gdoo05

> mgoodadlep 0005908 cqiag0ed vedam (global installed hydropower capacity)u>s jo jo [gp3adon
(9200)3030lod (GW) §ooud

> Qd[mgE:ecunoneay( fossil fuels) efogo¢ mgr=0]Ys [§E0203603 0§ 20038(03:0:e4000(gdor0d
> Jogo [gp3adeapndoymslen a8 e8:a(g (Bo%) 0d:c00epdad 9§ 6§:000:0005




sagts:cqoé sacr,gzsaclgo&%, oggzog%qp:(aaaoog)

<% e390§06(300¢ (organic matter Jeoy eag:c(gognioawsl 8o eoodeg, (biogas) [odeol cooonofydornd

8oenodeg (Biogas)

% 8oeo03eg, (biogas)), cpooap: 3288:eepE gd:3e §E:(gd 02d9a000m33 g&0d 0gpSicozad 2ad:(g§E0d
% godogpdtecgmeon

> 8q@o (sewage)

> 300:3205(food)

> §odQreq: g8 000gpS: (agricultural waste)s,

> Bagr§ 2podaee(0g: 03a3 ¢(gyes (manure) cop (§80>0S
2 600803882 03¢0 30038qEevlod B8s0pS:000:(gE:(g¢ 335 cwo0S (ferment)ooc ([§dcoo(G:

> 8288:(methane)i mooR§3Cemenndad3(carbon dioxide)s, 33(go: e003eg, (other gases Jeoz0l (gdcooeood0S

> 8288:(methane)nd cpe§33623:§, cede005 VoH3:33(yd 23:98<(G2
> 92056g,0005 MM (440598 00030503 g8 0dLPRSe0RM3 BadQ|:ea: cvdc§ieoz¢o clgbyeoas(yd (G§25:




sa:cqo FPOP3F6(JoC:§, 0xC30R004)0:(329003)

Eocoeogmo(Biomass)

0 8oeoadeg, (biogas)ao1 8oecualen (biomass) mcopd: 30Eqp:s, 034§ (plants and animals)eo3e §o?
288:eepC go:3¢ 36 C:3(gd (source of green energy) [ydooud
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Photosynthesis

In the process of photosynthesis, plants convert
radiant energy from the sun into chemical energy in
the form of glucose—or sugar.

(carbon
(water) dioxide) (sunlight) (glucose) (oxygen)

. 6HO + 6CO + radiantenergy — CH__O + 6 O
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The production of
minerals, such as
graphite, lithium
and cobalt, may

increase by nearly
500% by 2050,

to meet the demand
for clean energy
technologies.
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The Miany Uses of Rare Earths
Potroleum refining ElQCtronlCS Folishing compound:
Chemical precessing ‘Display phoiphor -Optical glass
.Catalytic converter (CRY, PDP, LCO) UV resistant glass
Dicrel additives -;Ahedtc;l imaging ~Thermal control
osphors mirrors
.;2::::::' Pottion “Larers Calonsurs/
. ‘Fibber optics Decolorizers
Catalysts «Optical temperas
ture sensors
Rare Earths
3 & Capacitors
- - Sensors
-Colorants
" Other -Scintitators
“Wates Trealment Ceramics
Flourescent lighting
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Fortirer
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~Coatings sAntilock brake systen
Magnets ~AutOmotive pans Metal Alloys

-Motors -Communication systems Hydropen storage {NIMH
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Powet generation -Magnetic storage disk “Lightee fints
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HIGH-TECH

Rare-carth clements are in circuits, sensars,
screens, speakers, and batteries. All but one of the
17 are used in smartphones (and that's because
promethium is radioactive). Without them, a laptop
would be twice as heavy and would lose that
brilliant display.

DEFENSE

These metals are vital in lasers, radar, sonar, night-
vision systems, missile guidance, smart bombs, jet
engines, and even the alloys on armored vehicles. In
February, the U.S. Government Accountability Office
called on the Pentagon to develop secure supplies
of rare earths for national security.

CLEAN ENERGY

Rare-earth magnets, based an neodymium, are
key components in electric cars and advanced
wind turbines, and they make appliances like air
conditioners far more energy efficient, LED lighting
relies on yttrium, cerium, and others. Citing supply
risk, some manufacturers, such as Siemens, are
seeking alternatives.
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** ¢lglgéeonieudqforo
** 3q23e0:(g¢ 0009 Bewrod ;dacoadea0 0geiognd(Minerals)eoys, §.0p3:000:0005




0meaRC:0900 ME&(0362 8307090005 (What are industrial minerals?)

** epS0pdcoqpadesd(Any rock)

** 0g&:ag05(mineral)

** 20g) (metal)

** 08238 0z&:ag05c0y(energy minerals)

** eopPadg|deoy(gemstones)

** 32-00gp|603(non metallics)

** $sgorcq:aae 00§ 3:80d0gnS:(material of economic value) 3leewr05 00220303¢:(ydec§0) B2oIIqpP:

(aggregates)



3903 (GEPed) 33020 90ocd(What are aggregates?)

** 55 (sand)
** copadoqd (gravel)

** 3emqpPod (crushed stone)

** mempad (slag) sleewrod 3203:(g)(G: (§§93:08 (0303000:03 mR&med (recycled crushed concrete)

320l30¢ ca0omapdeeogé 2ad:(goops vgpdiey




003903C:0803R§(03656), opelgosy

** ogcsognd(mineral)o [gdoowd

** 0§, (Ruo30§:ICa0R05 IBaYE[glogciogndougnd: [§donondeor 280 ag§spdi000d

** 003¢0geiagad

0362 60360 20QIEV3WVED QOGS §, §S:3CREND NWDGIGOR 6§oR:

** 03(g0:030¢ 03 comad cap(§do §OC:Eap 0GRS, ©20P6L3RE NAIGIEOR §od05
** 20| CU3TCHPOMOPGP 0P| e0309 08§|:[5E: 0265(gE:6,0088:m ©[geozon:

** c§aPPed 3ad208e1 30¢nm(g|[gecdndoimes] g§cooc) 0§3:(gE 3:e(gdogpdieay gfcordiveoy

e[030¢ 0088:Q 0320905 [4dwogoo [(gdonwd



o

0mgozEiogadm&(ngo:e, oos(goie(sesond)
** ocdgopCiagmma(gé: collogudo(G: ogdonmioniend c0od3crdonadio) 8E&eogund igazeq: 30

09:0009g]82207 02060308 MY 60R.6¢9(gdulows

** 8E8&EEMS 0ndecrdc: 3:6e[gdo} 0nde8iEm(gds 03:00n3e3oE cvdendadeC 3338E&eo
0meaciogmm&(mé: collgudod aolorud
** glaa(ge 02§ 3:000¢(G: 0§80 BBVI03BRS: Bonzadad0loLS
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©MQ0RCaRM M&(0g6: 6,00(g0:e(3e5003)

) [Pl B e an (IR 60 BB i ever e b (e e
0 20gp)0g€:603006003¢(G: 8:g:{gd cpdnCafop saqpigacopss 330 (4 feglogora’

0 8:g2:[gdapodagd§onor §C¢4, [Gpdopeagal 30j:(g)§C0r 0gczagnd cogad Scoadem aaqpiaa(go: §oaed

0 333c8§03 3¢ 8es.c905 ese0ndd B8 Jeuvdusodicu:§cod mytiagadeogm apad 3§p5:ad: [§des0mo

coR.qulonud

0 338 pé:gadecymeny oodgogtiogad|m&(agé: (Industrial Minerals)odesl 03 ogé:ogadeozd [yduloowd

0 3366031 w0053 e0! BAOGI§E0R 63020300qPe0§, 64,09 ERVS 333:[g)e8(03603 vgpdtoguoasniadsd,
(90%) eco20BU B¢ 0xEiognd mé(ageeanzal 34):q|:(qg) [9E(3: v§0oB:ar05000000:070 o200 [ydorud

0 8c8,c8 ¢9038mgo(03: (gdcooeaeoe 0adgarCiogadme(ngdicogm m8m devdeuiegon(ydornd




. )

omgozEiogadm&(gS:qpe,seee:ole

# 003g0p&:0gaSan§(p3racguaot ag eg1 ocoaSB§ wmofos ogle0zed 02§3H{D5: G503 0SrogaSaog eupoSop:
* 0039090c§:60392607 BeqEolad:g, eapie(ydays(agqor ogpdieagt m§(a3é: coglgdoloral

% 209|603 apdegdedieazmocy endgapdedq)spy Bilrgqolores

003 opSrogoSn§(T: secSeprgpioml 003g0ydcsiondad, 80> 0SemERESwES sbiesqmosy §0rcS

< 93codefg (Cement)coScé::

< enodeg[ogeo(Fertilizers) cpdcdsi

% 3030g05: (Insulating) cpScsei
< 8:50@p5:(Refractory)coScési

% Q&sonteaadS0gpd: cvScés (Abrasive material) § e2070905:(Chemical)oo} codcéieoze,3e[gd 0rs(03

3(gdad:[03¢ cloowd




% 00590p8i0003m§

.

003903 M§(036:4Pe, 3662016 (325003)

(0362603¢), 09:[go:9ondameony opéiogadmé(ngSiogpd: crdqj:cdmes 236, 3qp53E0g:

3209051 03(g0203 ©0Rp803 0ndeardc§ieaz0l crpSec0oE8ES [gdorud
% eoqpodgé: (Asbestos )36

0 ecoqpadgé:(n3|:(Absestos yarn)coScési

0 cogpadgéioops codcéieoy (gdo)
> 3208 00003580905 cv0509S(g:(Heat and insulating material)coScéi

> 822005 005$0003090(gE:(Fire-fighting fabric)opdc s

> 3203 0030mad (Gasket )[go:0003095(ges crdcési

0 ooo230300 o08odq)2qp2(Break Lining)i cocodoa88(gosqps(Clutch facing)ooo3c9d(gés codcéagpiooy
vOc§:30e05qP2qP03 M§[g6:000q):00p5:mes ©MdeIOCE:3:(gd 0opdecorc8Eor (gdorud




o

0me0zE:000dm&(036:4pe, 3ee:0la (35003)
> odempadadgoopd:
<% 93codefgaodcé:l
< 3eaqplgo3e4 (Bleaching Powder) cpdcési
< 20[0g0:3|030pc ), [0§qpSaos oé(gE: (clarification of sugar cane juice) |
% 038132805 (Calcium carbite) 00o3cpS[gésapdeds
% 00305805 moy§&0d(calcium carbonate)aodcrd(gés codcé: |

< 25qpdafcodcé:

% 98000500eeEadcs:!

% 083|050p0css

% elgoopdelgoopScodc§ieazen eqpo(Flux)as(ydadg(géioo) cpdcsieanen adigqolooudi
> oda4 (Lime) oodgjoopdsanod

< BdeepC godapdcseay

% 2986802000500003 pOcsecrnd opSeaootadeolornd




o

0§ C:0903Mm §(036:46), 326620160 (35003)

0 0qaddadadqCoopdel
> don§codcél

> eqpad(Lubricant)ooo3cpd[géscodcés:

> §8.60l¢:00(G: 108053058, 8:80) c0odcrd(gésapdegp:
> 0qo3§o3mg4eqpapdap B3qpdod)ogdieedes: ¢,00g9|¢ops: gadqPioge cBSipyo eole(gs
> 0qa53050d:gaee0:09:6), (B0%) ccoond 303 adqpSaj) $a3E:codceozen 2d:gqolornd




o

0mexE:0g0dm&(036:4pe, 3e6:0la (35003)

0 20§0508: s3qSwpS:
% cqéogSioniepes Bmecordiogos: (Weighting Agent) (g8 odlogd a3iqdlona’
% 2008ea016096000S 0514 0gaS:(Extender)m(§s copdog&icorqolones
0 o3opad(Talc)s3qEcops:
> B08c88:c018313, mcvm§ogaSicadeieoy
% qpond coSc§ieagen copSagSiogoS:(Filler) (g6 copS ag8:c0iqaocs
+ qeSoopSepdcé:
% oggeodcé:
% 8:3305098c§1 0onoeage0a3gadlonas




o

003903C:0803M§(0S:4GegaqPRA3BR G|
Q oa3gogeicgadapd(03Siecgnl 3o3eago?
> 60030
> Q0QaB30giegm0’ ohiggceesapqid Jolooad
(9) @07a3ep §¢ en05e(gfogen opEiagadgp: (Chemical and fertilizer mineral)

> 390305 (Apatite):
> :od03: eoqpad(Barytes)
> 03§05 (Fluorite):

> eolon§(Gypsum)

> ewp0803emqpod (phosphate rock)

> 3onod(potash)i



CEEER )

omgozEioqadm(ng:ecesapcdndmands(g @ (ses003)

(J) e[mgopSe(goopSsé 8:3038:0905¢p: (Ceramic and refractory minerals)
< 828§, co: (Fire clay)
< S:5¢[geoz(Ball Clay):
% Q| C2422mec0z(China clay) eal aooa3cwé(Kaolin)

< § coz(gy (Industrial clay)
< 308805 (Dolomite)

% efgeoqpod(Feldspar) a31803( Kyanite)

< 20c0€s(Quartz)i ©§3|0323(Glass sand/Silica Sand)u




. )

0a390gCi030304

(2) 3(gosond9opsagadans

99

S:8¢eaoR0d3003:[g)¢(35003)

(036:qps2(Other industrial Minerals)u

() eqpadgé: (Asbestos )

(2) 0§05303(Graphite)

(6) e3290023(Ochre)

(q) ©030000305(Steatite)

(@) 88w0é ogé:0905 (Lithium Minerals)

(99) 8coo003&a5(Wollastonite)

(09) 88 (Diamond)

(J) e[geewooé:(Bentonite)
() coegys el §adaoo(Mica)
(B) odopad(Talc)

() 036:38: (corundum)
(00) ©28ma3as(Vermiculite)
(9) 8wooc8ad(Zeolites)
(96) BwE&aS(Iimenite)s




.

0MQ0RC¢:aRMM§(036:8C6560c00D322%:(g) ¢ (325003)

(¢) es02030p0ea24¢ 368000030 @:qp: (Construction and building materials.)

% 3oysol &¢ meol§andemypadqp:(Dimension and facing stone)
% 93c08¢(god: odsemqpad(Limestone for cement)i
< opO(Tuff)
% 93¢ eoqpodoqd( sand and gravel)
(§) 258¢ deaBmapd0g|d: 20g7|00¢p:(Iron and melt for steel alloys)
< 2820g §&:(Iron ores)
2 0§:088209§€(Manganese Ore)
< 2§803(Chromite)

0 ondgozciogadm&(ogé:(Industrial Minerals) cogurs cpaonondaaadjs(g|e§oy 03c:aqad (46000585 ¢(goqolewd




20603 0283240006 C:oMM&(030:33),

3-00¢)| (Non-Metallic) 20820 20| (Metallic) 30§08

co005303(bauxite)  93cudefgigodo3ndugoS:(cement, abrasives) 3§20¢))| (aluminum)
9§803 (chromite)adepSaq)$a3§:93 (foundry sand)ieocrognd:(chemicals) 9g6: (chrome, Fe-Cr)
Qo3&:cd(rutile) (g eepCeap(gudogpds(white pigment) oRdeon8wod(titanium)

@omg4§(zircon) e[ngoopd(ceramics)w§ocopd(glass) @038 8006(zirconium)

0§:08(manganese) opadcod)(batteries)icepE(gudogpSs(pigments)  ©§:0§8(manganese)

20coés(quartz) v§0opd(glass)ie(ngoopd (ceramics) 88§ (silicon)
00308 (stibnite)  S:afecgpogpd:(flame retardants) 96§50586:(antimony)



©0390RCRMME§

o

90

0§00p5 /08 (Glass/glasses)

8:28:(light bulbs)

o§:ndqps(plates etc)

2305¢s0: (Paint)

(-] > (-] 2 (-] (-] o
628 8:3eqpCadiogndemay),
88023 (silica sand)iodzeoqpad(limestone)iadsl(go(soda ash)
93:§05(borates) v053(cd)ool(feldspar)ic3a8oé (lithium)

e[g(go:/gndqps(Ceramic tiles/mugs)  eonageoé (kaolin) woS(S)eol(feldspar)indonad(talc)i§coo003805

(wollastonite)

932805 (borates)izacp84o (alumina)ieoo38woo(zirconia)
0305028 §08e32003583(Ti0,)icoradcoé (kaolin)i§o30oo(mica):
odonsd(talc)§coo003803 (wollastonite) o0ScS80o800938 805
0303948 (GCC) i8S (silica)




0Meozctogmdm&(030:§, S:8eqpcadogpdimy),(39003)

0cod00d3s(g|copdogpd:qp:(Plastic white goods)

p0ed-egdea0gIIPo0secyPond(fridge, washer)  odopad(talc) 1358006 M2938805 (030594, (GCC)iemaFeol

(kaolin)i§n3aoo(mica)i8coooo3&os (wollastonite)iS:agjecgp
ogpd: (flame retardants)(Alumina Trihydrate,ATH, Mg(OH)2)

(03682a¢:[go:(Wooden flooring) [51[g€90gpS qp:(treatment materials) 193¢ 05 (borates) 2§803

(chromite)

e20003¢¢)(Drinking water) [5l[g€90gpSqp: (treatment materials) od:(lime)i8:woocad

(zeolites)

8¢& /o3 0o(Wine/beer) 3E000006805 (diatomite)iola3od edopodogpS:(perlite filters)




cq:$°:cqlo 29:09p033]|,(32500)

8023(Salt) 8023(salt)

20(0303(Sugar) 0$2(c005008ecodc 805 ¢0a3:)(lime in processing)
s08[gog&/s06(go(Detergents/soap) 93§03 (borates)iadsl(go(soda ash)i csp803(phosphates)
4o58o(gE (Surfaces) ©o005cS(marble) nqod&a3(granite)

®23304p:(Books ) emnagcoé (kaolin) odcnad (talc)imudadSwoémony§§05
030394 (GCC) ods(lime)iofodeon§uodemeondadnd (Ti02)

330 ¢&(Oven glass) olodad(petalite) 93803 (borates)
BQc0:09p5:(Heating elements ) eqPmd 6q88uoo 3E9addomo(fused magnesia insulators)
§§0002705/0coS00o (Wallboard/plaster) Qo006 (gypsum,)i8:afiecgpogpd:( flame retardants)

20Q)|3B2qp:/S:3ad0@d:qp:(Metal pots/cutlery) 0006 s60d§ 8:50905:qp:(mineral fluxes & refractories )




PEXNP

(2) goSaBa30gnS:crdcs:(Abrasives)
(J) qpSodogpS:codcs:(Absorbents)
(2) $ad§seqzcrSc:(Agricultural)

() Bcode(goodcé:(Cement)

(9) e[ogoopdcpdcss(Ceramics)
() @2070@p5:090¢3(Chemicals)

() esoo0dcrdeqraadcs(Construction)

() cqozc:op:ardcs:(Oil well drilling)
() SBroadcoeapsdcodcés(Electronics)
(00) 0dor030gpd:c0Scé:(Filtration)

saq%cqzagm3§3§>m@qlezc?cm

(92) 93qpS0)da38:008c&:(Foundry)
(04) 08/g§cqSci(Glass

(99) 2og|ev3cSc§:(Metallurgy)

(9G) 2903es0:095c &2(Paint)
(09)espéFoSogaS:arScd:(Pigments)
(98) oggppScé:(Paper)
(0q)ocodoondogpS:ardeds(Plastics)
(00) 8:309pS:008c§:(Refractories)
(o@)8:aieagqpepdcss(Flame retardants)
(Jo) newsoaB0gpS:cr0cs: (Welding)




00390pcaRmm§(0g6:e03mm omoe(go¢ IBg§ace:(n3a02005
3(G:0005 BMEEq|R0

epleHeetes 3303805 (ilmenite)

V629000V RMe0 806303 (Ti02)3s[g|eapt capé(gud

C0S:9C003C QR (g eepE 0368000030007

3(Gsoodeqr0p0d O30 0300034/ RERVI03E(G| 07 (DIY)




OMYORCLQMM&[038:603m0 9296(030¢ F0R&326E:{032600005

321000| QO34 gJetpaf 20
DCPIEMPCOES (bentonite clay)

5953925@?@9%099_5 QO30 R§ORIY OO0  a3qpSag) §og§:ad034:q)d0gpd:
c[03o¢3E¢qE Gsﬁocg'o&\?ﬁoi 3EqILo050005000

0p0ps0(Talc)

POPOR§ QO30 0coSe06eq0000300R °g1(9°95%
DEOVEQPL/BAOT]BO V1 QUPPI V§ET0 egeé:!xgo%coog




ﬁ(@ 8% (7? S|MNe SG%U) ID06|(J0¢ @C\g S @qu ﬁ 361(7)0(\)

3(§:0005 0003M§ eqnz03(305003)

S (silica sand)

©§/9§09003¢ go303030g5:00050p9 (03080300

0
o3 oo0ocs 23905003(ges cgego:/qeaf[g?ﬁlsgqpn

8unqclﬁmjzeolites) : mmeomjdiatomite)

gecoedmpagcdst PORPRORPOORIFRRPPIR ORPROIPOORYROPLIR

e ' o (24 ' C
compSqege( aGRpEoPoR ™00y §fBuo orpeqp




oRC:0905qp:e), 326qE0le
% eoqpn3eaod (Stone Age)mes Ses3adI ogCiagadogpS: (mineral commodities)eozund 504220603 CRuUOSEMe
(advancing civilization )03 0p363000388, 0320003830305 efe(gdadad03( essential ingredients) ogpd:eoy

[§80205 sBomo [GE:c8eqéeilon:

< 336608, §:3es0005303) (homes and office buildings)eoy ao:c0y & cwé: (cars and roads)eogi 0g8(g oo

(computers)eogi §5[gEa5(030: (televisions)eops, 06od¢4: (smart phones)eoy 1 §E&eor503 momRuddapoz0d
qQIEd03adeco0o0d (jet fighters)eogs, 3a(goieo0d 060 0daCep 0nd0gnpd:03§uoo (other military hardware)eog woo

ogC:agadaneCias(gdeoy(mineral resources)on 8§03 0§P3:6038, 02p5680005002:07 VO3 §60R0(gdoLS

% 32033)0¢(goge € c90580p38 30p5: (modern society) 03 (gEonCaongudE ogéiagad( minerals)eazu 6qe(gd
a9380lon0S




opE:090d¢2e), Fee0le(35003)

0 opé:agadogpdieay( Mineral commodities)uoo S:gozeq: §[G203:0005¢ (economic growth) 1 cpese 90003: cOBes
(improving the quality of life) 1 ¢ mongudesemaozad (Bsc0ze (providing for national defense) §62058c03g,

Bopd2e), B.:Peod YOc§iesooCorneoy(overall functioning of modern society Je20305 sa0g§36610] VloLS

0 opé:agadeoy(Minerals) 03 @gémooad veom J8qp:(go:go 333:(g1oqin5§(3: sondaguSee: (telecommunications)

ogpdiecyl BcSwsieon8 m§(g|ooeay (cell phones and computers)i [4§cop5(go3(3|(ggd:3¢ coodard(gé:
(renewable-energy generation )eo3(§60} 6c039:00093¢ (wind turbines)eoy | c§eepE(gpSge:acad: 3o38ad0nd

(solar photovoltaics)eog§, ecooCeadad( fuel cells)eoyi 20§E:03 20050pesoaéeq:dd (clean forms of

transportation) eopo’ (ydeolco@odm00031 cg|d0ds VBadongdmno:eoy (electric and hybrid cars)eop 320325:gc00

0 3luro 69038 Reag 30503 yCiogadeogm (erde0e§oIO(GBOIVS*****



Photo Credit

Minerals used in electric cars compared to
conventional cars

kg /vechicle

Minerals used in clean energy technologies
compared to other power generation sources
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R§(g|o>> g®08p5:0p00 §[Bj209:0003¢ (computer chip te
development) 500394 §69303¢: (300 (elements)qp: 323:(g|

1980s
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R§(go>° §108pd:0p00 §[Bjz03:0003¢ (computer chip te
development) 5003940 §69303¢: (300 (elements)qp: 33|

1A
1
H :
S| oA | 19905 - 3A_ 4A A 6A
Li || Be (+4 elements) Bllclin|o
el e N ol syl Bl B -l
1 12 13 w |[ 15 10
Na || Mg Al(|S1|| Pl S
(= |8 38 48 B 6B 7B $B up 1p LS| |55 | [0 | BN |
19 20 21 2 23 24 25 20 27 2 29 30 N R2 3 34
K [[Ca|lSc|[Ti|| V ||Cr|Mn| Fe| Co|[Ni||Cu||Zn||Ga| Ge||lAs||Se
o | el | e | Bl | el | e el | o | el | i | ol | P | Bl f s | Bl | Bl
37 38 ] 40 a“ 42 43 44 45 40 47 48 40 50 51 52
Rb|| St || Y || Zr ||Nb||Mo|| Tc ||Ru|[Rh|[Pd ||Ag ||Cd || In || Sn |[ Sb || Te
el | el | ol e e 7‘;:‘?1- W.— o | el | el | ol | I | el | el | IR | el | B
&ﬁl'ﬁfﬁﬁﬁ’e&ﬂﬁﬁu%ﬁﬁbﬁiﬁb
el | i el | ol | ol | el | el el | el | O 0 O | Bl | B el |
Fr ||Ra|| * || Rf | Db|| Sg|| Bh||Hs|| Mt | Ds || Rg|| Cn |[Uut|| FI |[Uup|| Ly
ol | oo | vl | b Bl N Bl oo o e i ol |
57 58 50 60 81 22 83 -] -] 88 o7 -] 70
Lanthanide Series* | La || Ce || Pr ||Nd||/Pm||Sm || Eu||Gd|| Tb||Dy|[Ho|| Er [[Tm|| Yb
e | T 105 3 TTI | T v | bt vl | v | Mol | i oo | el | Tl | hisre
8o @0 o1 o2 e3 04 @s 00 o7 @5 @ 100 101 102
Actinide Series** | Ac||Th || Pa || U _1;2 Pu|/Am||Cm|| Bk|| Cf || Es||Fm| Md||No|| Lr
Photo Credit e | el | v | B accerod | b | Bl e | o f e f ol oo | el o




R§(go>° §1008pd:0p00 § (820300036 (computer chip technolo
005940 &69m003C: (§00C (elements)qp: 3203:(g)¢ 03¢

1A
1
H
M| 24 2000s JA__4A SA_ 6A
Li |l Be (+45 elements) BllclinI o
o || PTa ol | el | o ol | Bt
" 72 B | & |5 | e
Na || Mg| Al||S1 || P || S
> |85 38 4 B 68 7B $B up 12 ||| =8 |5 | 5%
19 20 21 22 23 24 25 26 27 28 28 30 kil 32 a3 34
K ||Ca|[Sc||Ti||V [|Cr|[Mn||Fe||Co Ni||Cu|[Zn||Ga|[Ge || As|| Se
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52
Rb|| St || Y (| Zr ||Nb||Mo|| Tc (| Ru||Rh|| Pd (|Ag |Cd || In || Sn (| Sb (| Te
oo | Bl | ol | el | Bl b | bl | Bl | Rl | M | el | Ml | M | i | i
55 56 72 |[ 73 7 |75 |[ 76 77 |[ 78 79 80 81 82 8 |[ 8
Cs||Ball * ‘ Hf||Ta || W [|Re||Os|| Ir || Pt || Au Eg T1 || Pb|| Bi||Po
yrorll | i Shee | |Sames] [MSRSS | ] ] I ] | = | ] | e ] |
B7 88 104 105 106 107 108 100 110 m 12 113 114 115 16
Fr ||Ral|| ™ \ Rf || Db Bh||Hs||Mt|[Ds |[Rg|| Cn||Uut|| Fl lU\.lp| Lv
ool | e | Bl | e | sl | Bl | o | e | s | o | ol | I | S
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Engine of civilization, fueled by mining. By A.J. Roan, Mining News.
There is no civilization without mines. By Boyan Rashev.

The Myth of Life without Mining . By Maria Isabel Aillon VasconezApril 28, 2017

5 Reasons Why the World Needs Mining ...And Always Will. By Fabio Mielli | February 19, 2016

What minerals are used in modern technology?

What are the 10 most important minerals?

10 minerals that make modern life work .By Admin ,May 17, 2020 .Digital Mining Magazine
Your mobile phone is powered by precious metals and minerals. By Kerry Lotzof.

Uses of minerals in everyday life. By Staff Writer , Innovation and technology Sustainability.




. There Will Be No Just Energy Transition Without Mining In Our Backyards .By Murray W. Hitzman June 14, 2022
. Top 10 critical transition issues for mining. By Dominic Ellis, June 16, 2022.
Mining is key to the energy transition, but it's still unloved. By Clyde Russell
How the energy transition was used as justification to continue mining during the pandemic By Isabeau van Halm.
. The Green transition: what is it and how can it be boosted? 16/05/2022
. What is the green transition?

. What is the Paris Agreement and what did it decide?

. Mining companies rebrand as heroes of energy transition. RURIKA IMAHASHI and SAYUMI TAKE, Nikkei staff

writers, July 11, 2022
. Can We Get Clean Energy Without Dirty Mines?

. Why innovation in the mining sector is critical for the energy transition. Nov 2, 2022




. The Role of Critical Minerals in Clean Energy Transitions.

. Strategic and critical Minerals.

. Final List of Critical Minerals 2022.

. Why lithium demand is skyrocketing and what it means for consumers. By Bailey Schulz.
. What is cobalt is used for?

. How much Gold in a Cell Phone? By James Anderson.

. Iron Ore Statistics and Information. By National Minerals Information Center.

. Uses of Copper.

. The first step in combatting cobalt shortages? Stop throwing it out.

. ©meaCiogmm§(gS:qp:-Industrial Minerals , og§:og&:(c0g|03¢:)
. ¢[ggpeogceogndqps-Rare Earth Minerals, cg§:0g8:(cog)|o3¢:)
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