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MAHDOLLISISTA GERMANIUM- KONSENTROITUMISTA SUOMESSA 

1. 

2. 

3. 

OKFY:n taholta on esitet~7 kysymys mahdollisten 
Ge-konsentroitumien esii!ymisestä yhti össä ja/tai 
Suomessa . Varsin suppean a ineiston pohjalta a lle ­
kirjoittanut on laatinut seuraavan selvityksen . 
Liitteessä 1 on esitetty tunnetut pääasiat Ge :n esiin­
tymisestä. Mukaan on li itetty kaksi artikkelia (liit­
teet 2 ja 3), jotka antanevat lukijalle, joskin hieman 
vanhentuneen , yleiskuvan "Ge-taloudesta ". 

Vuonna 1971 maailman Ge-tuotanto on ollut 88 000 kg 
(USA 12 250 kg). Primäärisinä Ge- lähteinä ovat eräät 
sinkkivälkerikasteet (Tri-state, Mississippi Valley , 
USA) ja Cu- sulfidirikasteet (Katanga) , Ge-sulfidiri­
kaste (Tsumeb Mine, SW-Afrikka), kivihiilipolton lento­
pöly (Englanti) ja jäteromu. Ge saadaan yleensä s i vu­
tuotteena. Sen erottaminen ja puhdistaminen lienee 
vars in kallista . Tuotanto on sovitettu vastaamaan 
kysyntää . Germaniumin saanti em. Zn- ja Cu- sulfidi­
rikaste ista sekä kivihiilen l entopölystä on taloudelli­
sesti kannattavaa vain, koska niiden käsittelyproses­
seissa Ge konsentroituu sivutuotteisiin. Ilman ko. ri­
kastumista sen taloudellinen erottaminen tuskin olisi 
mahdollista. 

Tiedot germaniumin esiintymisestä Suomen kallioperässä 
ovat jokseenkin olemattomat. Muualla saatujen tietojen 
valossa (vrt. liitteet) lie nee perusteltua huomioida 
mahdollisina Ge-konsentroitumina (ja potentiaalisina 
lähteinä?) seuraavat seikat: 

Kokkolan tehtaan käyttämät sinkkivälkerikasteet 
ja Zn-prosessin sivutuotteet. 

Harjavallan tehtaiden käyttämät Cu- rikasteet ja Cu­
prosessin sivutuotteet . 

Yhtiön keskuslaboratoriossa on analysoitu ao. rikas­
teita myös Ge:n suhteen . Ana lyysitietoj a ei allekir­
joittaneella ole ollut käytettävissään . 

Toissijaisina kohteina, joilla tuskin lienee talou­
dellista merkitystä , tulisivat lähinnä kysymykseen: 

Kompleksiset falertsipitoiset suliidijuonet 
(Pyhäsalmi, Vihanti) 

4. Rapakivigraniittien reunavyöhykkeisiin liittyvät 
Sn-pitoiset greisen-muodostumat (toht . I Haapalan, 
GTL, tiedon annon mukaan Eurajoen esiintymän ~inkki -

/7 f.-.-./ välkkeessä e i ole todettu Ge : a) . 

~r~~ 
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Kompleksiset graniitti-pegmatiitit (etenkin topaasi­
pitoiset; esim. Eräjärvi). 

Seuraavat ulkomaiset lähteet saattavat osoittautua 
antoisiksi: 

Yhtiön piirissä eräänä potentiaalisena Ge-kantajana 
tulisi huomioida La Plata'n (Toachi , Equador) kaivok­
sen rikasteet. Ko. rikasteet lienee syytä analysoida 
myös muiden harvinaisempien metallien suhteen. Kaivo s 
on mineralogialtaan jne. merkittävästi samankaltainen 
kuin muut ko. alueen (Peru, Chile) kaivokset , joiden 
Cu-rikasteissa on todettu Ge-konsentroitumia (vrt. 
liite 1). 

Mielenkiintoisena ja ehkä todennäköisimpänä Ge-kon~ 
sentroitumana tulisi harkita vo imaloissamme jne . käy ­
tettävän puolalaisen (ja muualtakin tuodun) kivihiilen 
polttotuotteiden (lähinnä lentopölyn) analysointia. 
Eräitä tietoja puolalaisten kivihi~lten Ge - pitoisuuk­
sista löytynee artikkeleista Winnicki (1964) ja 
Ryczek (1959). Winnicki on todennut pitoisuudet 0 . 05 -
37 p2m Ge kivihiilessä (coal) ja 1-812 ppm Ge tuhka­
aineksessa (ash). Allekirjoittaneella ei ole ollut 
tilaisuutta tutustua em. julkaisuihin. 

Koska Ge näyttää konsentroituvan fossiilisiin orgaa­
nisiin kerrostumii~ niin mahdollisten Ge-rikas t umi en 
suhteen lienee syytä myös huomioida seuraavat kaksi 
seikkaa: 

Neste Oy:n öljynjalostamot. 

Seinäjoen turvekoksitehdas. 

Kiertäneekö näissä prosesseissa (7-9) Ge mukana ja 
onko havaittavia konsentroitumia? Allekirjoittaneen 
käyttämässä suppeassa lähdeaineistossa ei ole es iinty­
nyt mitään mainintoja raakaö ljyn ja turveaineksen 
ja niiden sivutuotteiden Ge-pitoisuuksis ta . 

Joulukuun 1976 alussa metallisen germaniumin hinta 
(UK, zone refined, 30 ohm/cm) oli 121.00 E/ kg eli 
noin 775 mk/kg. Hintaa on muutettu viimeksi 5 .2. 1974 
(Metal Bulletin No. 6149 , Dee. 7, 1976) . 

(.,v ~ ttl {~ 
1 
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Viitteet (puolalaiset kivihiilet): 

Ryczek, M. (1959) Wystepowanie gerrnanu w weglu 
karniennyrn oraz sposoby jego wzbogacania 
(The occurrence of gerrnaniurn and galliurn 
in Polish coals, and rnethods for their con­
centration) Przeglad Gorniczy 15(46), 
420 - 4 26 . 

Winnicki, J. (1964) Gerrnan a nieorganiczna substancja 
rnineralna w weglu pok1adu 510 w G6rn6slaskirn 
Zaq1ebiu Weglowyrn (Gerrnaniurn and inorganic 
rnat ter in coal of searn 510 in the Upper 
Silesian coa1field) Prace Glownego Inst. 
Gornictwa , Kornun. No. 352 - 360 , 159 - 195. 

01ari 27.12.76 

Pertti Hautala 
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Keskuslaboratorios ta ei l öydy Ge-arvoja Outoku~~un tuot­

teista. 

Mahdollis t a on , että Vuorel a inen on aikoinaan kerännyt 

Pyhäsal melta ~iettyjä mineraalityyppejä , joissa ehkä 

olisi voinut olla germ~niumia . 



OUTOKU MPU Oy 
MALMINETSINTÄ 

Liite raporttiin "Mahdollis ista germanium­
konsentroitumista Suomessa (P Hautala 
27.12.1976) 

P Hautala/HEK l (l) 

Ko. raportissa olen maininnut eräänä potentiaalisena Ge - kanta ­
j ana yhtiön piirissä La Plata'n (Ecuador) kaivoksen rikasteet. 
Asian suh teen huomioitakoen seuraava lisäselvitys. 

Raportin "La Plata , Ecuador-malminäytteiden rik.astustutkimus" 
(M Saari & K Salminen, 24 .08.1976) , joka käsitte l ee ko. kaivok­
sen kahden malminäytteen Ecuador C (normaalimalmi) ja Ecuador D 
(s ivumalmi ) vaahdotuskokei ta , liitteessä 2 on mainittu seuraa­
vat Ge- p itoisuudet: 

Ma lmi 

näyte C 
näyte D 

Selektiivinen vaahdotus (so2 ) 
näyte C/CuPbKR3 
näyte C/ZnKR3 
näyte D/CuPbKR3 
näyte D/ZnKR3 

Yhteisvaahdotus + Zn- erotus (ei kerrattu) 
näyte C/CuPbR 
näyte C/ZnR . 

CuPbZn-yhteisrikaste 
näyte C 
näyte D 

Ba- rikaste 
näyte D 

Ge (ppm) 

70 
20 

70 
1 50 

20 
50 

70 
100 

70 
30 

10 

Havaittavissa on h e ikko, mutta selvä , konsentroitumine n Zn­
rikasteisiin. 

Olari 31. 1 2 .1 976 

P Hautala 
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GERMANIUM'IN ESIINTYMISESTÄ LUONNOSSA 

Seuraavassa on lyhyesti tarkasteltu germanium'in esiintymistä 
luonnossa. Pääasiallisina l ähteinä ovat olleet Wittmann & Hör­
mann (1970), weeks (1973) ja Goldschmidt (1950). 

Kontinentaalise n kuoren ke skimääräinen Ge-pitoisuus on noin 1. 5 ppm ollen 
likimain samaa l uokkaa kui n molybdeenin ja tinan vastaavat pi­
toisuudet. Vallitsevana piirteenä on Ge : n esiintyminen 4-koor­
dinaatiossa Si:n paikalla silikaateissa . Synt etisoituja , tyy­
pillisten silikaattirakenteiden kanssa ana l ogisia germanaatteja 
tunnetaan huomattava määrä, mutta n iitä ei ole tavattu luonnon 
kivistä (vrt. es im. Wittmann & Hörmann, 1 970 , Table 32 - A-1 ) . Ta­
loude llisesti merkittävin piirr e on Ge:n p iilo u tuminen eräi den 
sulfidien hiloihin ja muutaman Ge-sulfidin harvinainen esiinty­
mine n. 

Meteoriittien keskimäärä isen Ge-pitoisuuden on lasket tu o levan 55 ppm. 
Eri meteoriittityyppien Ge-pitoisuuksien on todett u vaihtele­
van seuraavissa raj o issa: 

rautameteoriitit 
chondriitit 
t ekti! tit 

0.30 - 470 ppm 
5 48 II 

0.15 - 0. 62 II 

Fe-meteoriiteissa faasien keskeisen j akauman on todettu olevan 
likimain seuraavan : 

metallifaasi (FeNi) 
troiliitti 
silikaatit 

3oo rr"' 
30 ,, 

< 5 " 

Silikaattikivien Ge - pitoisuudet vaihtelevat y l eisimmin välillä 0 . 5-3 ppm. 
Emäksisten j a graniittisten kivien Ge- pitoisuuksissa e i o l e 
mitään merkittäviä ero j a kute n ilmenee oheisista pitoisuusra­
joista: 

Syväkivet: 
gabrot 
dioriitit 
syeniitit 
granodioriitit-kvarts imon­
zoniitit 
alkaliset syväkivet 

Laavakivet: 
basa lti t 
andesiitit 
kvartsiporfyyrit 
ryoliitit 
a1ka1iset l aavaki vet 

0.7- 1.7 ppm 
1.2 - 6 II 

0.6 - 2.0 II 

0.9 2.3 
1.3 - 2.1 

0.9 - 3 .2 
1.2 - 2.3 
0.9 - 2.0 
1.0 - 1.3 
0.9 - 3 . 5 

II 

II 

II 

II 

II 

II 

II 

Tava lliste n kivissä es iintyvien silikaattimineraa l ien Ge­
pitoisuudet ovat likimain samaa s uuruus luokkaa : 
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oliviini 
pyrokseenit 
sarvivälke 
biotiitti 
muskoviitti 
talkki 
granaatti 
kloritoidi 
plagioklaasi 
alkalimaa sälpä 
kvartsi 
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0. 4 - 3. 4 ppm 
0.25 - 3.8 
1.5 -
1.2 
1.1 
1.3 
1.5 
7.0 
0.1 
1.0 
0.8 

3.4 
8.5 
6.5 
13.0 " 
6.0 
18.6 
3.6 
3.8 
2.1 

Fe-oksidien, magnetiitin ja hematiitin, Ge-pitoisuudet ovat O.X-XO ppm. 
Magmakivissä magnetiitin Ge-pitoisuus kasvaa kiven Sio2-pitoi­
suuden kasvaessa . Sedirnenttiste n rautamuodostumien Fe-oksidien 
Ge-pitoisuudet ovat korkeampia kuin rnagmakivissä. 

Karbonaatti-, sulfaatti- ja kloridirnineraalien Ge-pitoisuudet ovat yleen­
sä alle 1 pprn. 

Graniittipegrnatiittien keskimääräisen Ge-pitoisuuden oletetaan olevan 
noin 10 ppm. Pääasiallisena Ge -kantajana on topaasi . Pegrna­
tiiteissa esiintyvien mineraalien Ge-pitoisuuksien keskiarvo­
jen on todettu vaihtelevan seuraavissa rajoissa: 

• 
topaa-si 200 - 700 ppm 
granaatti 7 - 70 
turmaliini 10 
spodumeni 5 - 28 
lepidoliitti 5 - 70 
muskoviitti 19 - 36 
maasälvät 2 15 
kvartsi 0 - 6 

Greisen-rnuodostumissa tavatut Ge-pitoisuudet ovat noin 2 - 50 ppm t opaa­
si-pitoisten grei~enien ol lessa Ge- rikkairnpi a . Keskimääräiset 
Ge-pitoisuude t lienevät noin 20 - 30 ppm. Ge- ja F-pitoisuuk­
sien on todettu omaav an positiivisen korrelaation. 

Hydrotermiset sulfidimuodostumat ovat selvästi tärkeimmät taloudellisina 
Ge-lähteinä. Niissä Ge esiintyy muide n sulfidien hiloissa 
(etenkin sinkkivälkkeessä) ja harvoin muodostaa pienessä rnää­
rin tavattavia Ge-sulfideja. 

USA:ssa (suurin Ge-kuluttaja) on Ge saatu sivutuotteena paaasi ­
assa Tri-State (Missouri-Kansas-Oklahoma) Zn-Pb-alueen ja Missi ­
sippi Val ley'n sinkkivälkerikasteista, joissa Ge-pitoisuudet 
vaihtelevat 0.008 - 0 .0 26 %. - Zn-malmien ohella Ge on myös 
konsentroitunut eräisiin Cu-sulfidirnalmeihin, etenkin enargiit­
tia, borniittia ja tennantiittia sisältäviin (esim. Butte , Mon­
tana; Chuquicamata, Chile; Cerro de Pasco, Morococha , Quiruvilca 
ja Casapalca, Peru; Bor, Jugoslavia). 

Eräiden sulfidien Ge-pitoisuusrajoja on annettu seuraavassa: 
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sinkkivä lke ZnS 
lyijyhohde PbS 
kuparikiisu CuFeS2 
enargiitti Cu3Ass4 
borniitti cu5Fes4 
tennantiitti Cu 2As s 1 tetrahedriitti Cu12 ~b4 ~ 13 kovelliitti CuS 
kalkosiitti cu2s 
pyriitti FeS 
mo~ybdeeniho~de Mos 2 
stanniitti Cu?FeSns4 arseenikiisu FeAsS 

5 - 1850 
0 - 10 

0.5 - 900 
10 - 5000 

0 - 1000 
0 - 5000 
0 - 500 
0 - 40 
0 - 30 
0 - 100 
2 - 10 
6 - 20 
1 - 50 

3 

ppm 

Em. sulfidien ohella hydrotermisissä kiteytymissä on Ge-konsen­
troitumista tavattu kassiteriitissa (5 - 200 ppm) 1 sinoberissa 
(< O.X %) 1 canfieldii tissa (aina 1. 8 %) 1 pyrargyriitissa ( jopa 
n. 1 %) 1 bertrandiitissa (50- 160 ppm) 1 willemLitissa (47 -
350 ppm) 1 hematiittissa(XO - XOO ppm) ja sideriitissä (< 50 ppm) . 
Kalsiitti 1 magnesiitti 1 strontianiitti 1 wither iitti 1 baryytt i 
ja fluoriitti sisältävät alle 1 ppm Ge . - Sulfidien Ge- pitoi­
suudet eri alueiden j a mineralisaatioiden kesken vaihte l evat 
huomattavasti . Korkeimmat Ge-pitoisuudet (a ina O.X %) on tavat­
tu polymetallipten mineralisaatioiden borniitissa ja tennantii­
tissa, kun Ge~sulfidit 1 reni eriitti ja germaniitti ovat läsnä. 
Sinkkivälkeen Ge-pitoisuudet ovat korkeammat alhaisen lämpöti­
lan kiteytymi ssä . 

Ge-mineraalit ovat harvinaisia ja liittyvät hydrote~uisiin ki­
teytymiin. Muutamia sulfideja ja s ekundääris i ä hapettumistuot­
teita tunnetaan. Ne liittyvät polyme tallisiin hydrotermisiin 
borniitti-kalkosiitti-kuparikiisu-tennantiitt i-e nergi itti-luzo­
niitti-sinkkivälke parageneeseihin. Tunnetuin esiiintymis~aikka 
on Tsurneb Mine Lounais - Afrikassa . Tunne t u t mineraali t ja nii­
den Ge-pitoisuudet ovat : 

Sulfidit: 

argyrodiitti Ag8 Ges 6 
germaniitti cu

3
(Ge 1 Fe )s4 

renieriitti (Cu 1 Fe 1 Ge 1 Zn)S 

7 

6.2 - 11.4 

5 .9 - 9 . 6 

briariitti cu2 (Fe 1 Zn)Ges4 13.7- 16.9 

Sekundääriset hapettumistuotteet (Tsumeb Mine) 

. stottiitti Fe4 _
5

H
8

_
6 

[Geo4l 4
.8H

2
o 

fleischeriitti Pb 3 [ Ge(OH) 6/(S04 ) 2] .3H20 

itoiitti Pb3 [ Ge0 2 (0H) 2 (s0 4 ) 2) 

schaurteiitti ca 3 [ Ge(OH) 6 (so 4 ) 2 ) .3H2o 

% 
II 

II 

II 

29 % 

6.7 % 

14.8 % 

Ts umeb Mine 'n ohella Ge-sul fide ja ja ko~eita Ge- pitoisuuksia 
muissa sulfideissa on tavattu Katangan Cu- malmeissa ja Bolivian 
Ag-sulfidimineralisaatioissa . Tsurneb ' issa saadaan Ge -rikaste 
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selektiivisellä vaahdotuksella. Katangalaisissa Cu-malmeissa 
Ge joutuu Cu-rikasteeseen, jonka metellurgisen käsittelyn sivu­
tuotteena saadaan Ge-rikaste. Ko. Ge-rikasteet käsitellään 
Belgiassa ( ja Länsi-Saksassa ?) . 

Sedimenttikivissä Ge-pitoisuudet ovat pieniä ja riippuvat mineralogisesta 
koostumuksesta. Suhteellista rikastumista savimineraaleihin on 
todettavissa. Seuraavat pitoisuusvaihtelut ja keskipitoisuudet 
on todettu: · 

savet ja saviliuskeet 
hiekat ja hiekkakivet 
karbonaattikivet 
bauxiitit 

0 
0 
0 -
1 -

3. 9 ppm 
3.5 II 

0.8 II 

3.6 II 

(keskipit. 2.-2 
( II • N 1 
(II N0.3 
(keskipi t ."' 2 

ppm) 
ppm) 
ppm) 
ppm) 

Luonnonvesissä Ge-pitoisuudet ovat häviävän pieniä kuten oheisista numero­
tiedoista ilmenee: 

Kasvien 

valtamerien vesi 
jokivedet 
pohjavedet 
kuumat lähteet 

• 

0.05-0.07 ppb 
0.03-0.11 II 

0 -24 II 

0.4 -44 II 

(keskipit. 
( II 

(keskipit. 
(keskipit. 

0.06 ppb) 
0.05 ppb) 
0.3 ppb?) 
10 ppb) 

Vesien suhteen on todettu että Ge-pitoisuus kasvaa Na-ja/tai 
F-pitoisuuden, lämpötilan ja alkaalisuuden kasvaessa ja piene­
nee Ca- ja/tai el-pitoisuuden kasvaessa. 

Ge-pitoisuus on alle 10 ppm, joka on niiden 11 toxic level 11
• 

Kivihiilikerrostumissa on todettavissa selvää Ge:n rikastumista. Taval­
lisesti Ge-pitoisuudet vaihtelevat likimain seuraavissa rajoissa: 

kivihiili (coal) 1 - 150 ppm Ge 
tuhka-aines (ash) 5 - 11000 ppm Ge 

Tuhka-aineksen (coal ash) määrä on yleensä välillä 1-38 %. 
Tuhka-aineksessa on poikkeuksellisesti todettu jopa 5-7.5 % Ge. 
Hiiltyneen puu- tai muun kasviaineksen havaittu maksimi Ge­
pitoisuus on ollut 0.4 %. Yksityisissä kerroksissa Ge on jakau­
tunut epätasaisesti. Ge on sidottu pääasiassa orgaaniseen ai­
nekseen ja alhaisimman tuhka-aineksen määrän sisältävät kivi­
hiilet omaavat korkeammat Ge-pitoisuudet. Eräiden kokeiden mu­
kaan germaniumista noin 12 % on adsorboituneena ja noin 88 % 
kemiallisesti sidottuna kivihiilen orgaaniseen ainekseen. Kas­
vien maksimi Ge-pitoisuus 10 ppm ei yksin voi selittää kivihiil­
ten korkeita Ge-pitoisuuksia, vaan todennäköisesti osa on tuotu 
systeemin ulkopuolelta ja sidottu orgaaniseen ainekseen mahdol­
lisesti humushappojen myötävaikutuksella. - Kivihiilen poltto­
tuotteet sisältävät huomattavia Ge-määriä; mm. lentopöly (flue 
dust) saattaa sisältää useita prosentteja tai prosentin kymme­
nesosia Ge. Peittotuotteiden hyväksikäyttöä Ge-lähteenä on 
tutkittu etenkin Englannissa ja USA:ssa. Englannissa on Ge-tuo­
tanto aloitettu v. 1950 (Johnson Matthey & Co) ja primäärisenä 
raakaaineena on kivihiilipolton lentopöly (vrt. Harner, 1961, 
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s. 189). On arvioitu, että käytetyn kiv ihiil en Ge-pitoisuuden 
seurauksena Englannissa vuosittain n. 1.8 milj. kg Ge sisältyy 
teollisuude n savukaasuihin, lentopölyihin ja tuhkiin (Paone, 
1970, s. 566). 

Goldschmidt, V. M. (1954) Geochemistry. - Clarendon Press, 
Oxford. 

Harner, H. R. (1961) Germanium. - Hampel. C. A. (ed.) 
Rare metals handbook. Reinhold, New York, ss. 188 - 1 97 . 

Paone, J. (1970) Germanium. - Mineral facts and problems. 
U. S. Bureau of Mine s Bull. 650, ss. 563 - 571. 

Weeks, R. A. (1973) Gallium, germanium, and indium. -
Brobst, D. A . & Pratt, w. P. (e ds) United states Min~~~, 
Resources. U. S. Geol. Survey Prof. Paper 820, ss. 237 - 246 . 

Wittmann, A. & Hörmann, P. K. (1970) Germani um . -
Wedepohl, K . H. (ed.) Handboo~~ of Geochemistry. Vol. II-1, 
Ch. 32. 

Olari 20 .12.1976 

Pertti Hautala 
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11. GERMANIUM 
H. R. HARNER 

Chemicals and M etals Division 
The Ea.gle-Picher Company 

Joplin, Missouri 

INT~ODUCTION 
In working on the relation of properties of 

the elements, :Ne\Ylands56 noted that, if his 
theories were correct, there seemed to be a 
missing element bet\\·een silicon and tin. Seven 
years later ::viendeleeff51 predicted the dis­
covery of the three ';eka" elcments and Ested 
the propcrties to be expected for each. One of 
these was e:-.-pected to belong to the silicon 
family; this was his eka-silicon. In 1886 Winkler 
was asked to analyze a sample of argyrodite . 
Repeated analyses did not account for about 
7 per cent of the composition, and he finally 
concludcd that ·the missing partion was a new 
element. Winkler8• finally isolated the new 
element and named it germanium, after his 
nati,·e country. 

Further investigation of the properties defi­
nitely fixed the position of germanium in the 
atomic t.able and confirmed the predictions of 
Mendeleeff. Germanium is in Group IV, 
Period 4, of the periodic table. The atomic 
number is 33; the atomic \Ycight is i2.60. 

Although germanium has been known for 
many years and there has been considerable 
study of it and its compounds, only recently 
has it attained importance. Commercial pro­
duction in the United States began only twenty 
years ago. 

OCCURRENCE 

It has bcen estimated that a. ton of the 
earth's crust contains from 4 to 7 g of ger­
manium.1·1~ .l\linute amounts have been de­
tected in many silicate nunerals. 

Only a very few minerals contain appreciable 
amounts of germanium.G3 Argyrodite (from 
which it was first isolated) contains from 5 t0 7 
per cent germaniurn; only small amounts oi 
this mineral (a silver-genpanium sulficic) haw 
been located. Canfieldite, a silver-tin-germ::nium 
sulfide mineral comaining about 1.8 per cem 
germanium, is found in Boiivia, but only in 
small quantities. Enargite, a copper-ar2cnic sul­
fide, is found in somc quamity in \\·estern 
United States and is reported to cont:.tin a,: 
much as 0.03 per cent germanium.c~ .:\one or 
these minerals is presently utilized for rccon' n 
of germanium, presumably beca.u~e of the sm:1il 
quantitics available. 

Germanite, a complex copper-zinc-arscnic­
germanium sulfide, has been mined at TsumeL. 
Southwest Africa; it has been iound ~moei:: t e.: 
\\ith the lead-zinc-coppcr orcs oi that dis~rier. 
True germanite contains 10 per cent ger­
manium,81 but the run-of-mine ore a2says only 
3 to 4 per cent gcrm:mium. Some pockct3 oi 
germanite ha,·e been found, but it is usunlly 
dispersed in the Jead-copper orc.s. Tbis i;: r.hc 
only knmYn mineral from which germanium i.­
recoverE'd as the prinnry mctal. R~nierite. ::, 
complex copp;::r-iron-germ~mium-arsenic ~ul f!d~ . 

was first discov'!red in t he Belgian Congo.-c~ 

Analysis of clean renierite crystals shom;;d :-w 
average of 7 per cent gcrm:mium.81 It i5 it;um! 
intimatcly mixed with thc coppcr-zinc ores in 
Katanga, Belgian Congo:' I t hu.s al::o bc<'n 
reported in association with germanite in the 
copper-lead-zinc ores in Tsumeb, Soutllwe:' t 
Africa.3 

Some zinc ores in the United St.ates cont3in 
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small amourits (0.01 to 0.1 per cent) of ger­
m:mium;& zinc ores from other parts of thc 
world also contain traccs of germanium. Silver, 
tin, coppcr, ancl iron ores sometimes have small 
amounts of germanium. 

The first major reco,·ery of germanium from 
ores was from the zinc ores of the Tri-State 
(2\fissouri-Oklahoma-I(ansas) field; 60 subse­
qucntly, germanium was recovered from zinc 
ores of the l\Iississippi Valley.6 

RecoYery of the germanium content of the 
Tsumeb ores3 and the Katanga ores• in recent 
years ll:ts addecl measurably to the world supply 
of germanium. 

The p rcsence of germapjum in coals has been 
known for some t ime; 18 numerous rcferenccs 
in recent ycars have reported thc finding of 
germanium in coals from many diffcrcnt parts 
of the world.'8·65 Briti~h coals and combustion 
by-products have bccn investigated55 a_nd the 
germanium contents reported in some dctail; 
these by-products comprise one source of raw 
materia! for recovery in England. (See under 
the heading "Derivation".) The United States 
GeologicaJ Sun·ey has compiled data ~n t he 
concentration of germanium in some American 
coals.73 Data on the germanium content of 
coals ha Ye bcen reported in West Yirginia,2 " 

Illinois,'9 and Kansas.6 9 RccoYery of germanium 
from American coals has been intensively 
Hudicd, but. to date there has becn no com­
mercial recovery.1s 

RecoYery of germanium from zinc and other 
ores is cconornically feasible only because the 
germanium is concentrated in by-products 
during the process of recovering the primary 
metals ; ·without such initial concentration of 
the germanium, it would not be econornically 
possible to separate and purify it. Similarly, 
recovery oi germanium in coal is ciependent on 
the concentratiofi of germanium in coal by­
products (priruarily flue dusts); these by­
products must contain sufficient germanium 
to make its recovery profitable. 

PRODUCTION AND ECONOMIC ST ATISTICS 

ln 1959 the consumption of germaniurn 
ltnetal and oxide) in the United States was 
t; ~ tim:ucd at 45,000 lb.16 Actual production 
fi::;urcs haYe not been rc!cased. 
. ProJuctiun of germanium iu Englaud started 
111 1950; 54 no production figurcs are a vailable. 
Be!gium is a major European producer, the 

raw materia! coming from Tsumcb and thr 
Belgian Congo. 

The major producer in the United Stat c5 i;: 
The E aglc-Picher Company which recovers it 
from zinc ore.60 The American Zinc Compan:--· 
and Syh·ania Electric Prodncts, Inc ., are also 
supplicrs. American Metal Climax, I nc. is begin­
ning production. In England, Johnson ~Ia t theY 

& Company is a producer ; flue dusts from coal5 
are their primary raw materials. In Bclgium. 
germanium metal and oxicle are produced a t 
Olen by the Societe Generale l\letallurgique 
de HobokPn and at Balen b~r the Societe dc 
Ja Vielie :\Iontagne S.A. The price of elcct ronic­
grade germanium metal in the United Statcs 
is currentl~· about SI85/ lb fn r largc quantit ies. 
Germanium dioxide is about SllO/ Ib. 

DERIVATION 

Commcrcial recovery of gcrmanium has bt'Pn 
chiefly from zinc and zinc-copper-lead ores. 
gcrmanjtc, and flue dusts from coa!s. 

Ores from the Tri-State di~trict (:.\Iissouri. 
Oklahoma, and Kansas) are concemrated :~ nd 
roastcd to a crucle zinc oxi.i.~ by conYemion~.l 
means. Roastcd ores mixcJ with sait and ro:J 
are siniercd at a. high tempcr:lture ; gcrmaniu!:1. 
cadmium, and some othcr impuritic-~ :tre Y:,­
porized; and the vapors :tre conden5cJ and 
collected in an electrostatic prccipita tor. Tln.,: 
by-product fume is chcmically treated to obt ~t in 
crude fractions of germanium, cadmium, anLl 
the other impurit iesY0 

The germanium concentra te is reacted wJth 
strong hydrochloric acid. The resultant ger­
manium tetrachloridc [ b.p. 86°C (187°F l J is 
distilled otL The crude tetrachloridc is l!iYCn 
addit.ional purification and finally di:;tilled with 
chlorine (to hold back :menic). The pu:·i ried. 
redistilled tetrachloride is then hydrolyzcd in 
\mter to form gcrm:mium dioxidc, \\·hicl t i,; 
reduced to a powdercd mctal by heating to 
650°C (1~00°F J in an atmospherc of hyJru~cn. 
The powdered metal is melted :tt uuo~c 
(2012° F) in an inert :J.tmosphere w J·orm 
ingots. This method of recovery from gc-r­
manium concentrates and reduction to the m~t:d 
is usecl, with modifications, in p radic:1 IIy :dl 
processcs. 

Zinc ores from thc 1Ii:>sissippi Y :.dlcy :.re 
conccntrated, and thc concentraw roasteJ :md 
sintered in much the same fashiun a,; thc 
Tri-State ores; a by-product fume wntains the 
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n•co\·rr:tblc germanium. This fumc is le:tchNI 
with l'ulfuric acicl unclcr ronditions which di~­

soh·c thr zinc ancl cadmium :md .lra\·r thc lc:td, 
~rrmanium, and othrr impurities as a sludgr. 
The sludgc i;:: rrartccl wit h hnt, strong ~ulfuric 
acid, thc gcrmanium bcing diosoh·cd. The gcr­
manium in this liquor is prcr ipitated with 
hydrogrn sulfidc, and thc .•ulfidc precipitate is 
roa:-:ted. The roastcd matrrial is then reactccl 
with conrentmtcd hydrochloric acid, :md the 
<lis titlation :tnd purifiration are performed as 
dr,.rribr.d in the prcYinus paragraph.6 

At Balcn, BPlgium, lead and zinc ores arc 
smeltcd in n romplcx cirruit; germanium is 
ronccnt rated in a crudr zinc oxide. Leaching: 
of this crudc zinc oxidP under appropriate con­
di t ion~ dissoh-rs t!w germa nium. The gcrmanium 
i ~ prectp itatrd . a nd .the resultin!! ~ermanium . ' . 

conrentratc reactcd- \Yith h~·ctrochloric acicl 
and clist illed from the solut ion as germanium 
t etrachloricle. Further purification steps follow 
essentia lly the same proccdu r€,! as described for 
zinc ores. s 

The prcscnce of germnnimn in zinc solutions 
for elcctrowinning of the zinc is highly detri­
mental. This is one of t he reaiions for the 
,;('para tion of germanium in the Balen process, 
since thc zinc is rccowrcd thcre by electrolysi,; . 
.·\nother method for purification of t he zinc 
solution yiclds a sludgc which contains the ger­
manium, copper, anJ arscnic. This sludge is 
smeltecl \\·ith exce;;s ~u!fur to iume off t.he 
grnnanium for sub;;r qucnt recovery.• : 

At Tsumeb, Sou thwc5t .-\frica, germauium 
occurs as germanitc a ml renierite intimately 
mixecl with the copper-lead-zinc ore of this 
distric t. By select i\·e flotation a germanium 
conccntrate is made, and the materia! is 
shippcd to Olen, Belgium. Hcre the concentraH' 
is proccssed in a \'Crt ical retort furnace uncler 
rcducing conditions to obtain a germanium 
sulficle fume which is condensed. The fume is 
given ·an oxiJizing roast: a crude germanium 
dioxicle is obtained for t he purific:nion s tages.3 

Gcnnanium, as n ·nieri tr , is dispersccl thro•1gh 
sume of the copper-zinc orcs from K atanga, 
Bclgium Congo. ln the flota tion process for 
t•oncentrat ion oi these orPs, thc germanium 
fo llows thc copper . During the sntclting of t he 
tuppcr, dusts anJ fumes which contain apprc·­
ci,,~:e amounts of gcrmanium åre collected . 
Thc~e dusts und fumt>s are baked with suliuric 
aeid, and the bakcd dtist is leached with weak 

acid to obt:~in a grrmaniurn-bca ring solution. 
Aftrr oxidation o f thr solution, germanium i> 
precipitated with magnesia. and ropJX'r hydr:m 
to gi \·e a conrcnt ra tf> for further puritien t ion.' 

The germanium conrcntrat c-;:: made at T sumc·h 
nnd E ntanga (de,-rribrd in thc prrrrclin~ 

paragraphs) are shipped to Hoboken, Belgium, 
for recovery a nd purification of thr gt'r­
m:mium.5 Distillation of thc germanium tet r::t­
chloride, hyclrolysis of thc tetrachloride to thr 
dio:-.ide, and rcduction and purification of th" 
metal are essential!y as previously described. 

At T~umeb, somc pocket s of gcrmanite ore 
ha\·e been founcl which have bcen mined sc;:>­
aratrl~· and t hc gcrmanite p rocessed fo r rcco\·­
ery of ~crmanium :md gallium. I n onr proce~<" '' 

the puh·eri zcd gcrmnnit(' ore i:o react<>d with 
;)0 per cent soJ.ium hydroxidc solution, and 
thc mixture is eYaporatccl to dryness . The dry 
mass is leached \\·ith hot \\·ater, ancl the lcarh 
solution is brought to pH S with sulfuric aciJ. 
l'nder controllcd conditions. nitric acid i~ 

added to thc boiling solutiOJl to give 5 per cenr 
of frce acid in thc solutiOJl: aftcr filtc ring, rhi~ 

solution is brought to pH 3 \\'itlt soclium hy­
dro:-.ide l to prccipitate the gallium) , the p re­
cipitate is Iiitered ofi, ~mJ t he germa nium i:; 
prccipit ated (as dioxidc l hy ncutr:~ liz::ttion wit h 
::unmonia . The germanium dioxidc is then iil­
tered from the 5olu tiOJl and dissoln·d in ~ trullg 

hydrochloric acid, and the resultant gc rmaniunt 
tctrarhloride is di:oti llcd and puri ficd . H~·droly:; i~ 

of the tetrachloride to germanium dioxiJ c :.tncl 
subsequent rcduction and melting iollow thl' 
same ~teps as pre\iously describ<'d. 

To recover germanium (and gallium) ir01~1 

flue dusts,66 the dust is smeltccl \\·it h sada a5h, 
lime, copper oxidc, a nd coal dust to iorm a 
regulus a nd :L slag. These products c:m l)(' 
sep:~ ra tcd : pract.ically all of the germanil!lll 
(and gallium ) i:O concentrated in the rcguiu:-:. 
The regulus is reacted with chlorine urhler a 
dilute ;;olut ion of ferric chlo ride: aftc r thr 
rcact ion is t·omple te, the suhitiun i ~ m::idl' 
s t rongly acid, nnd the crude germanium tetra­
chloride is dis tilled ofi. The gcnn:mium tl:t­
rachloridc so fonned contain.~ appn•ci:dJlt' 
quantities of ar,;enic chloride and i:; rd luxhl 
with copper t urnings (for 12 hr or lo:lgcn tu 
cli lllinate thi~ impuri ty. Othemi~c . the puriJI­
cation and final productiun of the mctal follo·.\· 
the usual sieps discuss<:d in the procc~sc:; for 
zinc ore a nd gcrrnanite. 
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Figure 11.1. G crmanium d ioxitle powder <lowcr rightJ , gcrmanmm 
ingots (center and leit), single crystal gcrmanium (two bars :J.t uppcr 
right ). nnd assorted cross sections of thc5e typcs of germ:mium me tai. 
(Cau rtesy Eagle-Pichcr Co.) 

For ('lec tronic use~ t h(' impuritics allo\\'able 
in the germa nium llll't :d :trc ext rcmely small : 
thc metal itself is t e~ted ior elcctrical resisti, ·ity 
r:nher th3n by clwmical methods. The ger­
manium mctal obtained by reduction of the 
tiioxide i~ iurthr r puriticd by frac tion;t[ rec rys­
tallizat ion.5:G' The u5ual method is by zonc 
rl'fining, in which the mct3l ( contained in a 
!!raphite boat ) i5 ~ lo,,· I :· pulled th rough 3 hori­
zontal t ube furnace. eithrr in 311 inert atmos­
phcre or undcr Y:lcuum . The tubc furnace ha;;: 
:nound it a multiplicit~· of induction coils so 
rhat, a s the gcrm~mimn i;; mo\'f.'d through thesc 
•·oib, a narro\\· moltcn zone of met:ll i:: formed. 
By this method of mult iple hcating and cool­
in:z. the im puritics are 5\\'ept t o the ends of 
1 he gcrmanium ingor . The ends oi the ingot 
arc remoYed , and only thc ccnter scction is 
ll,(·tl: the end sect ions 3rc rc•urncd to t he 
IH'oress for further purific:u ion. 

Illustratrd in Figure 11.1 a rc germanium 
dioxide, gennanium ingvt ;;, ~in:rk· c ry~t:ll ger­
lllanium, 3nd cross ~ections of the t wo typcs 
c:;j bar~ . 

PHYSICAL PROPERTIES 

l...il'l'lltan iurn i.• u~u:tlh· f•on~idL"rcd :1~ a met31-
l, ,jd, \l'i th prupPI'I il'."' ~;lllll'll'hCre OL't\I'CCll t hose 
vi a true llll'tal and a nunlnc tal. lt bclong~ 10 

thc cla;;s of m3t eri:~ls k nown :15 semiconduetors: 
these m3t!'rials. of \\'hi <'h p:e rmanium i ~ :1 ron­
spicuous examplc, h:J\'C b(•comt· CJi m a.i,lr itll­
porwnce in cler tronir de\·irr:". 

The physic:1 l propcrtic·s 01 gPTill:l llium :~ n · 

giYen in T 3ble 11.1. 

CHEMICAL PROPERTIES 

Gcrmanium is both diYalen t and tet ra,·akn! : 
thc latter compound,: a n' thc morP st3bl<' . 

The meta l i~ qui te st:.ble :tt ::5 =c (77=F t : i: 
i.> not 3ficcted by air, \\':tter. or oxy~en . . \: 
G00-7QO:JC (111:2-1:29::?°Fl, oxid:ttion in :1i r .. r 
oxygen procc<"d5 r:1 pidly . ~" Cermanitt m combiiH-­
readily \\'ith t he halogcm upon he:11i n~ 10 1'omt 
thc corrc5poncliug tet rahalidf"."'. Chlorine re;lrt;: 
mo5t Yigorously, iollowl'd by brom!ne :~ nd 

ioJine. 
H~·drochloric and ~u lfu rir acid~ haYc lit tlv 

efi'cct on p:cnn:wium :11 room t<'m pcrallll'L': :11 

100°C (212°F 1 ~uliurir :~cid will di~~oln• p:L·r­
manium s lowly . Both nitric :1cicl a nd aqu3 rc;;i:t 
will attack germ3nium. espec i:llly at hif!'hl't' 
tL·mpera t u re:; . Pow~~ium or ::-oditan h:·d ruxi-.il' 
.... olu t ion., han: litt lc ur no eff('(' l 0 11 gcnnaniUJn . 
lmt t hL· molten :1lblit'~ quickly di:;~o ln• thL· 
mctal. 

GC'rmanimn ivrm~ t\\'U oxiJc~-Cl·U a tHI 
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TABI.E 11.1.• PHYSICAL Co:o;STANTS OF GERMA~TUM 

(Superscript numbers refer to references.) 

Atomic number 32 
Atomic weight 72.6078 

Isotopes and abundance 
MassNo.iO 20.4o/o21 
MnssNo. 72 27.4%21 

MassNo. i3 7B%2t 
l\Iass No. 74 36.6%21 
MassNo. i6 7B%'t 

Color Silvery 
Crystal structure OctahedraJ~o 

Index of refraction 4.068-4.1439 
Hardness, Mohs scalc (s) 6.2550 

Ductility Frangible 
Density (s) at 2s•c (77•F) 

(g/ cc) 5.32~0 

Specific volumc r~) nt!25•C 
m·F> 0.188 

l\lelting point 936•C (17Ii•F)22 

Boiling point 27oo•c (approx .) 
(4890•F) 50 

Latent heat of fusion (g-caVg) 111..)22 

Lntent hcat oi ,·aporiza tion 
(g-caVg) 1,20071 

Specific heatat2s•c (i7•F) 
(cal/g) 0.08638 

Yolume resisti,·ity nt 25•C 
(77•F) (microhm-cm ) 60 X 100 H 

Electrochemical equin.lent 
Ge•..,... (mgl coulomb) 0.1881 20 

Electrodc potential Ge·~· 
(H, = 0.0 ,·olts )* -0.15 (est'd)H 

• National Burcnu of Stnndarus nornenclature. 

Ge0 2 • The latter, germanium dioxide, is thc 
type sold commercially. 

Johnson3 ; has compiled an exccllent sum­
mary of thc published work on the inorganic 
compounds of germanium ; a .::imila r digest by 
thc same author30 co,·ers thc extensive work on 
organometallic compounds of germanium. 

In detcct ion of germanium, the sample is 
usually fused with sodium carbouate or caustic 
soda. German.ium is sep:nated from m osi of 
the other elements by dissolving the fused mass 
and distilling from a st rong hydrochloric acid 
solution. The clistill:n e is tc.3tcd by the appro­
priate mcthod. 

Qualitati\·c analy~is for snt:tll :unounts of 
german.ium i.s be~t ntadc by reacting with 
phcnylfluorone. An intcuse rosc color is formed 
in thc pr<'.':CilC<' of c \·en traces of german.ium.U 

Precipitation as the sulfide from s t.rong sulfuric 
acid solut ion can bc used for largcr quantitic' 
of germanium. 

For quant itat ive determination, the samplr 
is fused with caus tic soda or sodium carbouatr, 
the- fused mass is rcacted with hydrochlorir. 
acid, and the resultant germanium tetrachlorid" 
is distilled off in the presencc of chlorinc. Thr· 
tetrachloride is dissoh·ed in 6N sulfuric acid 
and precipitated as the sulfidc. The sulfid~ i,: 
oxidized to thc dioxide "ith hydrogcn pcroxid" 
and wcighed.35 

The tetrachloride can also bc rcduced with 
sodium hypophosphite and the diYalent ~er­
manium determined by titration with potassium 
iodate.30 

For very small amounts of germanium . 
colorimetric dctermination "ith phenylfluoronr. '" 
or oxidized hemato:-.~·Jin5; is more sa tisfactory 
than the graYimetric or t itrimetric method::. 

Spectrographic methods of :malysis are "idely 
used. Strock~ ~ has uscd bery llium oxide as an 
internal standard, carbon powder as a dispersin~ 
agent, and a crater-type elcctrode, burning in 
a d-c arc and using the 2651.1 Å line. A nria­
tion of this procedure uscs lithium carbonatc 
as an internal standard, cc-mplctcly Y:tporizin:; 
the sample a t 10 amp (d-el , which requin·~ 
2 to 3 min.50 Another metbod u;;c;; a pcgmati;•. 
diluent without an interna! standa rd .~0 

A critical rc,·iew of analytical methods ior 
germanium has been published by Krause :tnti 
Johnson.41 

Chemical methods for analysis of impuritie.; 
in germanium for elect ronic use a re not sat ­
isfactory. Spectrographic mcthod:; can bC' 
employed, but it is morc usual to m:lkl' 
electrical-re>istivity measure:ncnts. :::\ cutron­
ac tivation analysis has also been usL•t!. 

Germanium or germanium dioxide show;; no 
eYidence of toxicity .H Gennanium tetr:.tchlorirlr. 
is irritating when inhalcd; this i.s belicYcd w 
be due to hydrolysis of thc coillpounJ tu GcO, 
and HCI ; t he relea:><'d arid i." p robab!y t lw 
cause of the irritation. 

Alfoys. Some pertinent information on the 
a!loys of gcrmanium is gi \"CD IJe]ow. 

Aluminum-The binary sys1em ;;er­
manium-aluminum forms :1. eutect ic rtt 55 
per cent by weig:ht of gcn n:utium ... Jlith 
mclts at 423°C (793° F J .<J,;< In thc ~olid 

state, aluminum is slightly solub lc in gcr-
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manium; simil::trly, germanium is s!ightly 
so\uh\c in aluminum. 

A ntimony-The s y s te m germanium­
antimony forms a cutectic melting at 
588°C (1090°F ) and containing 28.5 per 
cent hy weight. of germanium.G8 ln the solid 
state, germanium is slightly soluble in 
antimony and antimony is slightly soluble 
in germanium.75 

- A rsenic- The germanium-aroenic system 
indicates two compounds, GeAs and 
GeAs2•75 

Bismuth-A eutectic is formed which 
melts at 271°C (520°F) and is almost 100 
per cent bim1Uth.68'15 

Cobalt- A gcrmanium-cobalt alloy, con­
taining ·11 per cent germanium by weight, 
is reported.4

" 

Copper-Thi.~ system has received con­
siderable stud~·.25 · ~ 0 Only one compound, 
Cu3Ge, has been ic!entificd. A eutectic is 
formed at 650°C ( l202°F) and about 39 
per cent by weight germanium. Alpha 
coppcr nill di;:soh·e about 10 per cent of 
germnnium in the solid state.21 The ternary 
system Cu-Ge-_-\u has becn inwstigated.31 

Gold-T he systcm golc!-germanium forms 
a eu tectic contnining 12 per cent ger­
manium by weight which melts at 356°C 
( 673°F ) ; 33 0.8 per cent germa:1ium is 
solublc in gold at 350° C (662° F); it is 
very slightly soluble !H room temperature. 
T ernary systems haxe heen investigated.3 1 

Jridium- A. compound IrGe 1s re­
ported.G• 

Iran-Two compounds are reported.~6•65 

Fe~Ge melti; at 11S0°C (2156°F) nnd 
FeGe2 at S66°C ( 1591 ° FI. 

Lead-Germ:mium and lead are mutu­
ally solublc in the liquid st:ne, hut the 
germanium precipitatcs out almost com­
pletely on cooling.1o 

M agnesium-A compound ~Ig2Ge is 
known; it mclts at 1115-::C (2039°F) and 
contains 5\l.9 per cent germanium by 
wcight.•~ T wo cutcctics are formed, onc 
at 635°C (11 i5° F) (3A per ccnt ger­
manium by weight) and another at 680°C 
(1256°F) (S3 per cent germanium by 
n·eight). 

Nickcl-The binary system is complex; 
only onc compound has bcen definitcly 
idcntificJ.'c·••.G~ This compound JS Ki2Ge, 

.. ~ ... P'r'"rr-•- - - -- ~ ·- •• ------

melting at l ~00°C (~192°F). Another com­
pound is mentioned, NiGe, but there secms 
to he some douht of its existence. Two 
eutectics are formed ; one mclts at 1130°C 
(2066°F) (33 per cent germanium by 
weight), the other at 7i5° C (1427° F ) 
(66 per cent germanium h~· "·eight). 
Nickcl dissolvcs approximately 12 pPr cent 
of germnnium in the solid pha.se. 

Palladium-A compound PdGe 1s re­
ported.6• 

Platinum-A. compound P tGe Js re­
ported.6• 

Selenium-Two compounds GeSe anr! 
GeSe2 ha\'e heen prcpared.29 

Silicon-Silicon and gcrmanium form a 
continuous series of solid solutions75 

Silver-The siln~r-ge>ml:-tnium sy::tcm in­
dicates no compounds; 11 the single eutectic 
contains 18 per rent germanium by ~·eight 

and melts at 650°C (12W° F ) . 
Sodi~tm-A.n alloy corrcsponding to the 

formula N"nGe hns been prcpared :14 it 
slowly dccompo::es in moist air. 

Tellurium- One compound GeTe is re­
ported; 39 it melts incongruently at i25° C 
(1337°F) . 

Tin-Tin and gcrmanium form a eutec­
t ic which mclts at 232°C (450°F) anJ is 
almost 100 per cent t in.~~ Gcnoanium is 
only slightly soluble in solid t in ; likell'i~c. 

t in is only slightly soluble in solid gcr­
manium . 

Zinc-A eutectic is formcd mclt ing :n 
398° C (748°F ), which contains 6 per ccnt 
germanium hy weigh t . ~o compounds ap­
pear to he iormecl. Gcrmanium and zine 
h:l\'c only slight solubi!ity in e:~ch othc·r 
in the solid state.l' 

FABRICATION TECHNIQUES 

The reduction of germanium dioxidc to pow­
dered met:-tl .1nd subscquent mclting to illgor~ 

has beeu describcd undcr the i:e:ldin ~ "Deri \':l­
tion." Further purification of the metal by 
recrystallization under Y:t<:uum or in :m inrn 
a tmosphere is likewise con;recl in that scccion. 

Germanium is supplied in ingots of 15 !o 26 
in. (38 to 66 cm) and oi \' ttrying cro~s s~ct ioHs, 
as demancled b:; the indm:rry . Cro:os-scct iuuai 
areas of as much as 1 sq in. arc availablc. 
Attcrupts have been made to fabricalc t hc 

--~- - '~ ~·~ -· .. ----~-
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mctal in ribbon form, but no surh materia! has 
yet brrn offerrd for sale. Pure gcrmanium does 
not lend it ,.elf to fabrication into wirc, rod, or 
rolleri sha pPs. 
- Single crystal grrmanium i" also suppliecL It 
is produccdr,' by ''seedin_g" a mrlt of gcrmanium 
(held only slightly aboYr t hP melting point) and 
slowly wit hdrawing tlw rr~·><tal from tbe furn:~cr. 

To obtain thc desi red proprrti rs for electronic 
appiication~, pnrr ge rmaniu m mu~t bc fur t hcr 
proces>'rrL Pre.,sure or heating and quenching 
arc sometimcs rmployrd. The usual one, how­
CYer, is "doping" or alloying with minutc 
amounts of appropri:~te mct:t ls. l\fany alloys 
haYe ber n patrnted for 1 hc"c purposes.•~ · 82 

Alloying is usually done in an inert atmospherr 
or under \·acuum. Sr·\·Pr::d in(!enious methods 
of incorpor~lting the'~e Yery sma ll amounts of 
other metal:: ha \·e bern dr Yised. Diffusing of 
the appropriate metl l into the g:ermanium is 
one of these: another is electroetching. 

ElcctrO<kposition of gcrm;\nium from 3.V 
potassium hydroxide solution on capper cath­
odes produces a thin, coherent coating, but 
deposi tion stops a~ soon as the cathode is 
coYerrd.23 A bath oi grrmaniun~ tNraiodide in 
ct hylene glycol at 150 ' C i00:! ';)F) is reportcd 
to deposi t gcrmanium."' Some success has been 
aehie\·crl in clectrodeposition from germa nium 
tetrachloride dissoh·ed in propylene glycoJ.78 

APPliCATIONS 

The scienee of solid-sta tc physics, nnd par­
ticularl~- thnt phn~e of it relat ing to semi­
conductor8, hns found many practical npplica­
tions in the pa~t decade. The first major stridcs 
in utili zing semiconduct ing properties were due 
primarily to the aYailabi l i t~· of high-purity 
germanium. ".hile many othrr and din~rsc semi­
conducting materia ls h:n-c bren or are being 
dew loprd,'3 gennanium is .:t ili onc of the most 
import:l.nt. I t is in this ficld tha t gcrmanium 
finds its major use. 

The semiconducting propenies of germanium 
first led io its use as a crystal diode rcctifier ;" 
in World War II. In 19-lS the ge rmanium 
t rioele or transistor was dcveloped. 7 Sincc that 
timc, continuou,; dcnJoplllL'IItS anu imprO\'C· 
nwnt s han~ bL·en made on gt•rmanium scmi­
eondnl'ting devices which have op~ned cnti rely 
nrw fields for their utilization. The' first gPr· 
tnanium diode was a fine wire of appropriatC' 

metal p ressing again~t a thin wafer of proper!Y 
prepared germaniurn (:malogous to thc old 
galena whisker d<>tector). The wi re and ger­
rnaninm wafer were soldc red to s<>pa rate eler­
trical condnctors, anJ thc nnit wa~ ernheddr<: 
in plastic or encloscd !n glass . This assernbl~· 

was scarcely largPr than a grain of corn .'" 
Advance:: in technolog~· ha\·e imprond and 
miniaturized t hP original diodes : fo r many spc­
cial applications, prPscnt -da~· diode assemb!iC';: 
are scnrcely t hicker thau the wire in a paper 
clip and less tha n lf2 cm Iong. 

Germ:mium diodes, besides acting as cryst:d 
rectificrs, pcrfo rm the sa me l!encral iunction;: 
as Yacuum tube diodes. Thr~· }HlYe v('r~· snd l 
power con;;umption, very litt le heat cmission, 
s ta rt up immrdi at rl~· (r;i nre thPrP i!' no fi.bment 
to heat ), and are quite rugged. :\IanY di\·er;:" 
types of gcrmanium diodes are cornrnercially 
a\·ailable. One int crr~ting property of grrmanium 
diodes79 is their photoelcctric effect, which is 
commercially utilized in the p hotodiode. 

The first transistors had much the same size 
as thc gennanium diodes, except that two wirC':' 
made contact with the gcrmanium wafer iiEte:Hl 
of one : this was callC'd a point-contact tran~i·­

tor. Later, ::t nother type wa~ deYelopcd wh:.._.:l 
was made up of a single tiny block oi grr­
manium SUitabJ~· trcatcd 10 gi\'C Jjfie rE'Ill prop­
ert-ies to t he end scct ion~ . in eomparison wit h 
the center scct ion : this wa,; called a junction 
or area transistor. Each of these typrs h ~:;: it• 
advantages a nd limitations. Thc;:c fir~ t tra nc.i'­
tors \Yerc quite sma ll ( about a ~.i -in. cube r : 
like the diodes, improYements in technolog\· 
and manufacturr ha\·e tt!lowed fu rther redue· 
t ion in size and major improwments in per· 
fo rmance. P o\\·er transistors nre, oi coursr . 
much larger. 

The first transistor:; were u.-:cd a:; amplifier,; 
and oscillators . _-\:; new den •lopment.-; \·•erc· 
made, thc·ir u tility was great ly increased until. 
in 1959 alone, 1::?5 m illion ;;cmiconduc1JTH: 
deYices wrre manu iact urC'd.'" It has been only 
in t he last 4 or 5 years t hat mass-prociuct ion 
techniques haw been dcYcloped which made 
these dcvices aYailablc for widespread usc. 

Thesc de\·ices ha\·e a llowed miniat urir.ation 
and impronmcnt ~ in radio~ , bl:'a ring aicb , :md 
communication cquipll ll'l\l. HcjJlac<>ml'nt oi 
\·acuum tubrs by t nl n;;i:; tors has allo\n•J dirc-cr 
Iong distancc dia ling in our tr lcphonc:.•. CoJu­
munications of all typt·.~ depcnd hl':t\·ily 011 
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!'IICh semiconducting de1·ices. Military equip­
ment has been vastly impro1·ed and min­
iatu rized. The~e dC'veloprnents, which are so 
import:mt. to the Defen~e Forccs, have also 
benefiterl civili:m and commercial operat ions. 
The use of specializerl germanium de\'ices has 
aJlo,wd rnajor ad,·ances in astronautics and 

missile guidance. 
The theorv of serniconductors and the mech­

anism of tl~e bch:n·ior of gC'nnanium diodes 
and triodes are beyond the scope of t.his chap­
ter . Shockley12 gives an excellent theorctical 
trea tment ; O 'Connor'" gives a lucid description 
of the mechani,;m for transistors . 

Germanium p owcr rectifiers are in commcr­
rial use and havc m:~ny advantages over t he 
oldcr t~·pe~." In • H\;)fl alonc, rectifiers for 
;)0,000 K\\" wcre ini talled . ::\Iany type~ are com­
ntf'rci:tllv available, and their usc is increasing 

rapidly. . 
Germanium is t ransparent to infra red light. 

This propcr ty is utilized in the infrared spectro­
;;c·ope and other optical instrurnents. Special 
(icrmanium devices are also used in extremely 
,;ensiti\·e infrared detectors supp!ernenting rada r 
lor detection purpo~es . The high index of re­
,·rac t ion and high dispersion of germanium 
glasses (in which germanium dioxide replaces 
~ilicon dioxide) has led to t hcir use in special­
ized optical equip ment. ::\lagncsium germanate 
i ~ used as a phosphor in flnorcscent lamps.• ~ 
.\ germanium resis rance thcrmometer which 
ll'ill operate a t tcmperatures nra r absolute zero 
has becn dcw!ope:u . Germanium is being studied 
as a cata lyst and sho\\·s considerable promise 
for some applications. 

Gold-germanium alloys have been suggested 
for use in denta i work or preci~ion casting3' 

lJccause of thei r expansion upon solidification. 
The low melting gold-gcrmanium eutectic could 
!,e used as an impro\'ed golcl solder or in thc 
reduction of the mclting tem pcraturc of gold­
t ontaining a lloys. 

n esistors made by dcposition of germanium 
IJU a thin film of sil\'er ha.ve interesting prop­
<·nies.32 Such films, formed by first. depositing 
o:ilver on ''Pyrcx" glass and sub~cquently de-
1 1<,~iting gcrmanium on thc silwr, have rc­
--i~ ti\'ities from 1,000 ohms to sc,·eral megohms 
a ud cxtremcly good tempcraturc coefficients. 

The rcady a n1ilability of germanium has 
·' [1urn:d furthcr rescarch wit h it, both in the 
d cctrouic field a nd for other applications . 
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GERMANIUM 

By James Paone t 

Because germanium is a minor byproduct of 
ores mined primarily for zinc, the supply of 
primary germanium in the United States is 
wholly a factor of the domestic zinc prod uction 
rate. The element also occurs in some coals, 
which are a commercial source of germanium in 
Great Britain. A major component of the U.S. 
supply of germanium is derived from recycled 
scrap from manufacturing processes. Currently, 
domestic supply is equal to demand. Large 
stocks are accumulated in residues containing 
germanium. 

J'Vfost germanium consumption is currently in 
the eleetronies industry, where it is used pre­
dominantly as a semiconductor. However, there 
is strong competition from al~ernate materials in 
this market, which is tending to reduce the de­
mand for germanium in this end use. Although 
sales of germanium have only a small effect upon 
the economics of extracting and produci ng the 
primary product, the available supply of refined 
germanium has been significant enough to 
prompt industry inquiry into potential new 
uses. . 

Based on contingency forecasts of demand for 
germanium, an interval range of possible de­
mand for primary in the year 2000 is between 
33,000 and 65,000 pounds. Rest-of-the-world de­
mand for primary germanium is forecast at 
120,000 to 220,000 pounds in 2000. Projected 
domestic supply from leacl-zinc operations is ade­
quate to meet the low of the forecast range of 
cumulative demancl during 1968-2000, although 
at a price somewhat higher than current levels, 
reaching an estimated $120 per pound in the 
year 2000. However, recovery of germanium 

from processing certain coals may be necessary to 
meet the high forecast range. The high range 
would probably be met a t an indicated price of 
SI50 per pound in 2000. A parallel situation 
exists for the rest of the world. Secondary ger­
manium will continue to be a major factor in the 
supply-demand picture, but this factor will he­
gin a slight downward trend as technological 
improvements in manufacturing emerge and as 
a higher proportion of germanium is used dis­
sipatively for massive items such as nuclear 
radiation detection devices, special optical glass, 
and infrared transmitting lenses, and as a con­
sumed catalyst in the production of polyester 
fibers. 

Solid state technology, brought about through 
widespread utilization of semiconductors for 
transistors, diodes, and rectifiers, will find in­
creasing application in many aspects of con­
sumer electronics, communications equipment, 
and control and computing equipment. Simi­
larly, rapid growth is expected in infrared 
technology for thermal mapping and surveil­
lance. Such areas of growth could result in in­
creased demand for germanium. The use of 
germanium in electronic nuclear detection sys­
tems is expected to show a positiYe growth rate 
throughout the forecast period. Based on these 
considerations, the demand for germanium 
could be expected to approach the high of the 
forecast demand range by the year 2000. The 
major contingency which would lead to the fore­
cast low would be the substitution of other 
materials for germanium in elcctronic appli­
cations. 

BACKGROUND 
In 1871, Mendeleev, a Russian scientist, pre­

dicted a missing element between silicon and tin 
in the periodic table. Fifteen years later, Clemens 
Winkler, a German scientist, isolated the ele­
ment from the mineral argyrodite and named it 
germanium in honor of his native coun try. In­
vestigation of the properties of gem1anium 
confirmed the prediction of l\Iendeleev (8) .2 

Germanium remained little more than a sci­
entific curiosity until the early 1920's when 

extensive studies were conducted on possible 
applications of the element. In 1922, the thera­
peutic value of germanium oxide in trea ting 
anemia was reported. The first commercial pro­
ducer of germanium dioxide was the Otavi Co. 
in Frankfurt, Germany, in 1930. The source of 
this materia! was germanite ore obtained from 

'Physical scientist, Division of Mineral Studies. 
'ltal icized numbcrs in parcntheses refcr to itcms in the list of 

references at the end of this chapter. 
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the Tsumeb mine in the then-German colony 
of the Territory of South-West Africa. 

The zinc ores of the Kansas-Missouri-Okla­
homa area contain a small amount of ger­
manium. Germ anium, an impurity in refined 
zinc, is removed by a difficult and costly process. 
The Eagle-Picher Co. initiated a research pro­
gram to determine what, if any, commercial 
application could be developed for this byprod­
uct. Fundamental research programs at the Bell 
Telephone Labora tories and Purelue University 
resulted in the development of semiconductor 
applications for germanium; and by 1941 a 
germanium-recovery facility was in operation in 
connection with the Henryetta, Okla., zinc 
smelter of The Eagle-Picher Co. 

The semiconcluctor properties of gerrrtanium 
were first utilized extensively for crystal diode 
rectifiers during World War II. In 19-18, the 
germanium transistor was developed and ex­
panded research and availability of high-purity 
germanium has rcvolutionized the communica­
tions industry. The semiconductor devices cur­
rently utilized- diodes, transistors, and rectifiers 
-have permitted miniaturization of radios, 
television, hearing aids, ancl telephone dialing 
equipment, and have resultecl in major advances 
in astronautics, missile guidance, and worldwide 
communications systems. • 

INDUSTRY PATTERN 

One domestic refinery produces germanium by 
refining residues from zinc concentrates from 
domestic mines and from residues from other 
zinc refineries; thcse residues are not traceable 
to individual mines. In addition to the primary 
refinery, Eagle-Picher, Miami, Okla., three 
secondary refineries in Pennsylvania and New 
Jersey process new scrap generated in the manu­
facture of semiconductor devices. 

None of the domestic processors operates mines 
in foreign countries. Germanium is a minor 
aspect of the producers' base metal or manu­
facturing activities. One producer is fully inte­
grated from mining through end-product 
application. 

Foreign production is centered at two base­
metal mines, one in the Congo (Kinshasa) and 
one in the Territory of South-West Africa. From 
these sources, germanium is exported either as 
a concentrate or as the dioxide for refining to 
metal in western Europe, the United States, or 
Japan. Germanium is a minor activity of these 
base-metal mines and of other refineries operat­
ing on germanium derived from base-metal ores. 
Germanium production in the U.S.S.R . is like­
wise a byprocluct of importance only to the 
degree of self-sufficiency desired. 

TECHNOLOGY 

Definition of Terms, Grades, and Specifications 

Gennanium is metallic-looking but di splaYs 
the physical and chemical propenies of a metal 
only_ undcr special conditions. It is a semicon­
d uctor with properties ranging between those 
of a metal and of an insulator. Structurall\·, 
germanium has the cubic symmetry of the dia­
mond crystal lattice and four valence electrons 
(5). 

Germanium is ava ilable in three forms-as 
reduced ingots, purified ingots, and single crvs­
tals. Standard ingo ts are 15 to 17 inches lo;1g 
and weigh approximately 1,750 grams. t\Iono, 
or single, crystals grown are supplied in sizes 
up to 3 inches in cliameter and weights up to 
2,000 grams. These crysta1s are nonnally grown 
in the I : 1:1 orien tation. 

The standard measurement of purity of elec­
tronic-grade germanium is resistiYity. These 
measureme1,ts are made using a four-point probe 
on an abraded surface at 25° C. In the polv­
crystalline form , measurements are made alorig 
the bottom of the ingot. 

Specifications for marketable electronic-gradc 
germanium have changed as the requirements 
of the electronic industry became morc rigid. 
It is typical for germanium to be offered to con­
sumers under the following resistivity specifica­
tions: 

Ohm centimeterJ 
(minimum) 

As-reduced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Purified .... .. ... ... .... .. .. .. ....... ... .... 40 
Monocrystalline ...... . ....... . .. ..... . .. . ... 40 

Germanium is also offered commerciallv in 
the form of the dioxide and compoundecl ;1·ith 
other metallic and nonmetallic substances. 

Test proceclures for cletermination of volatile 
content and bu1k densi ty of germanium dioxide 
have been accepted by the American Society for 
Testing ancl Materials (2) . 

The widely manufactured germanium alloy 
transistor is cut out from a single germanium 
crystaL It consists of a pellet of semiconductor 
metal about 4 square millimeters in area and 
about 0.2 millimeter thick. It has tree zones 
behaving differently electrically; the clifferent 
electrica1 properties are obtained by alloying 
with, or diffusing in, small quantities of cenain 
elements. In a diode, the area of thc sem icon ­
ductor is only about one-fourth the size of the 
transistor, for rectifiers, the area may be man ~· 
times larger, depending on the magnitude of 
the current to be rectified. The average sing le­
junction cliode is estimated to weigh O. OOOi 
gram, or 0.000025 ounce; the transistor units are 
estimated to be about eight times heavier. 
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current Tcchnology 
Gcology.-Thcre arc no native occurrences of 

g-crmanium, and . its abundance in the earth's 
crm t is 1 part m 150,000 (or 6.7 parts per 
mill ion). The most common occurrence of ger­
m .~ n ium is in minute quantities within the 
molccular structure of other minerals. It occurs 
most abundantly in sphalerite (ZnS) in quan­
t ll ics ranging from traces to tenths of 1 percent. 
Gcrmanium is generally supposed to be most 
conccntratccl in sphalerites, where the tempera­
turcs of formation are lowest; recent studies 
h.n ·e shown the cold water diagenetic spha1erites 
of centra1 Kentuc_ky are virtually free of ger­
manium (9). Cmnabar sometimes contains 
Kcrmanium in tenths of 1 perccnt, and enargite 
m:•y ha\'C up to 0.1 percent. Pyragyrite from the 
~ i hcr mines of B_olivia ~ontains up to 0.1 per­
ccnt, and some tm-beanng su1fides contain 0.5 
pcrccnt. Germanium has al.~o been said to occur 
m calamine, pyrites, euxenite, cassiterite, and 
1.11Halum and columbium ores. However, the 
.unounts recorded are small, usually about 0.001 
pcrcent or 1ess. 

Extensive studies have been made on the 
gcrmanium content as well as techniques used 
for ana1ysis and detection of germanium in coa1 
(/, 4). .. 

Mining and Metallurgy . ....;_No mines are oper­
atcd sole1y for recovery of germanium. Germa­
t~ium is obtai.ned commercially as a byproduct.of 
11~c productwn and from germanium-bearing 
rnmera1s as a coproduct of base-meta1 refining. 

In the metallurgical recovery of gerrnanium 
h om the Tri-State zinc sulfide concentrates the 
\ulfur i~ first removed by roasting, and the 'zinc, 
gcrmanmm, and cadmium are converted to 
oxides. The oxides are given a chloridizinrr roast 
to ~om·ert cadmium and germanium to chlorides 
wlnch are volatilized. These are condensed and 
col~ected elect~ostatically to yie1d a product from 
"-'h1 ch germamum can be distilled as the tetra- . 
chloride. 

TI_Je copper-zinc ?res of Ka_tai!ga contain ger­
manmm as the mmera1 remente. In selective 
flotation of the ores, the renierite reports with 
thc capper concentrate. Part of the renierite is 
thcn rec?vered by magnetic separation. This 
pr?<luct 1s treated in an e1ectric fumace to ob­
t.;un a fume containing germanium dioxide. 
Cermanium-bearing fume and dust, recovered 
frorn ~he ~opper smelting, are then baked with 
sulf~nc aCJd a!ld 1eached to obtain a germanium­
IX'armg solutwn from which, after oxidation, 
thc germanium is precipitated with magnesia 
~nd copper hydrate to form a concentrate which 
u t~en shipped to Belgium for further refining. 

Flue dusts are smelted with soda ash, 1ime 
CO ' ' pper oxJde, and coal dust to forrn a regulus 
,;and s1ag. The regu1us, containing gerrnanium, 

is reacted with chloride under a di1ute solutien 
of fenic chloride, and the crude rrermanium 
tetrachloride is distilled. Arsenic chlo~ide accom­
panyii!g the germanium is eliminated by refiux­
mg wlth capper turnings. 

Controlled purity is essential in o-ermanium 
fC?r . electronic uses. Less than 1 pa~t per 100 
bllhon of some impurities has an observable 
e~e~t.. Ge:manium tetrachloride is purified by 
d_lst!lhng It from strong hydroch1oric acid solu­
uon. After d_istillation it is hyclrolyzed in ice 
~vater to obtam pure gennanium dioxide, which 
1s washed completely free of chloride and is then 
ready for reduction to the metal. 

Germanium dio?'-id_e is _reduced by heating in 
hydrogen. The dwx1de IS packed in graphite 
boats and heated to 650° C in an electric furnace 
~n a current of hydrogen until no more water 
1s ~vo1ved. T!1e hydrogen is then replaced by 
he_hum or mtrogen, and the temperature is 
ra1sed to 1,000° ~ to _melt the resulting powder. 

vVhen germamum IS used as a semiconductor 
~t is necessary t_o have an u1tra-high purity whicl~ 
1s measurab1e m parts per billion and which is 
achieved _by zor:e refining. A germanium ingot 
1? to 20 I_nches m length and 1 to l Y2 in ches in 
dt~meter IS passed through a series of induction­
cm1 heaters, each of which produces a mo1ten 
zone. ~~latively pure germanium crystallizes at 
the trallmg edge of each mo1ten zone; impurities 
remain in the molten zone and are gradually 
isolated toward one end a~ the bar moves through 
the heaters. After the desirable number of passes 
are made through the incluction starres, the end 
of the ingot containing the impuriti~s is cut off. 

The ultrapure germanium ingot thus produced 
is po1ycrystalline, and for semiconductor use 
it must be in the form of a single crystal. Two 
methods of single-crystal growth were dcveloped 
~or growing germanium crysta1s. The first, orig­
mated by Czochralski, is called the vertica1· 
pulling method. A crystallographically oriented 
~eed crystal_ is dipped into mo1ten gerrnanium 
m a graphtte crucib1e and slowly withdrawn . 
By adjusting the heat input and heat losses, and 
under proper conclitions and synchronization, 
the germanium will grow on the seed and ex tend 
its crysta1 lattice unti1 the charge has been con­
verted to one crystal. 

The second method, called the horizontal or 
zone-1eveling technique, is a modification of zone 
me1ting. The crystal seed is placed at one end 
of a horizontal, carbon-coated silica crucible 
filled with ultrapure polycrystalline germanium. 
T~e whole may be convcrted into a single crysta1 
With the controlled acldition of a clesired im­
purity by carefully moving a molten zone toward 
the seed, melting into it, and then slowly with­
drawing the mo1ten zone (6). 
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Research 

Large-scale research on germanium was focused 
first on removing the elcment from zinc con­
centrates and la ter on the development of a 
process for refining the ex tracted germanium on 
a commercial basis. La ter, research programs 
were di rected toward finding industrial applica­
tions for the metal. 

The search for significant industrial applica­
tions was succcssful in introducing the germani­
um diode during World ' Var II. The transistor 
developed in 1948 by W. Shockley, J. Bardeen, 
and W . Brattain at the Bell Telephone Labora­
tory provided a major advance for germanium. 
These men receivec! the Nobel Prize for their 
significant contribution to knowledge of solid­
state physics which revolutionized elcctronic 
theory and design. 

R esearch conducted on the commercial re­
covery of germanium from coals and other 
hydrocarbons has not yet resulted in a competi­
tive process (1 0, 14) . 

A Germanium R esearch Committce was 
formed in 1 959 by six domestic ancl foreign 
producers. The purpose of . ~1is group is to uni te 
their research efforts to develop new uses for 
germanium and to disseminate information on 
germanium ancl its applications. Research being 
sponsored by the group is conducted by many 
organizations throughout the world (5). 

Recent research has been on electrorefining, 
electrolytic sli cing in preparing semiconductor 
wafers, growing of large (500 cubic centimeters) , 
high-purity monocrystals, cleveloping .-Ietector­
s-racle germanium for use in nuclear cletection 
mstruments, improving clopecl germanium for 
infrared transmission ancl detection devices, and 
developing methods for calibrating germanium 
resistors for low-temperature thermometry (3, 
11-13). 

APPARENT RESER VES 

The germanium reserves ot the United States 
have not been seriously studied . The lead-zinc­
fluorspar ores of the Mississippi Valley are cur­
rently the only exploited source. Da ta on 
production from these ores are not ava ilable, 
but Bureau of i\Iines sampling has shown 0.008 
to 0.026 percent germanium in zinc concentrates 
of this area. Aclclitionally, a potential supply 
exists in other domestic base-metal ores, the 
industry evaluation of which was terminatecl in 
1952 when further supply expansion was clecmed 
unwarranted. Sampling of ore deposits in New 
Mexico ind icates a range of 3.5 to 78 parts per 
million (0.00035 to 0.0078 percent) in certain 
deposits. Various domestic coals contain a con­
centration of up to 0.05 percent germanium in 
the ash. 

The potential of the United States for ger­
manium production as a byprocluct from various 
sources of primary materia! has been indicated 
at 55,000 pounds of germanium annually. Re­
covery at this rate is believecl possible for at 
!east 15 years (an apparent reserve of 825,000 
pounds). An apparently larger resource for 
germanium is in coals. 

' 'Vorld reserves are unknown but have been 
evaluated at an annual production poten tial of 
154,000 pouncls which amounts to over 3 mill ion 
pouncls when projectecl OYer a 20-ycar period. 
The Territory of South-West Africa has the 
largest potentia1 (57 percent) , follo"·ecl by the 
Congo (Kinshasa) (36 percent) . Japan, ltaly, 
France, the United Kingdom, and the U.S.S.R. 
are considered relatively self-sufficient. 

A relatively large potential source of world 
germanium is the germanium compounds found 
in certain coal ashes and flue dusts. 1 t has been 
estimated that in the United Kingdom 4 million 
pounds of germanium yearly may be present in 
stack gases, flue dusts, a nd ashes at p lants burn­
ing germanium-bear ing coal. 

SUPPLY- DEMAND RELATIONSHIPS 

Production, Consumption, and Trade 

Domestic production of prim ary germanium 
from domesti c sources was estima ted at 21,000 
pounds in 1968, with a total consumption of 
primary plus reprocessed scrap of 75,000 pounds. 
Two-thirds of the domestic demand was met 
from supplies refined from scrap sources. 

U.S. production of primary german ium in 
1968 was augmented by imports of germanium 
concentrates from Belgium-Luxembourg, I ta ly, 
"'-'est Germany, and the United Kingdom. Ger­
manium dioxide ancl concentrates from the 
Congo (Kinshasa) are exportecl to two firms in 
Belgium; one of which, the Societe Generale 
Metallurgique de H oboken, Belgium, is the 
world 's 1argest producer and has an annual 
capacity of 1.65 million pounds of germanium 
d ioxide and 224,000 pounds of germanium metal. 
As no transistors or diodes are prod uced in 
Belgium, all of the germani um production is for 
export. The T su meb Corp. Ltd., T erritory of 
South-lVest Afri ca, one of the world's largest 
sources of germanium with a reported annual 
capacity of 330,000 pounds, exports germanium 
in blister copper principally to " ' est Germany 
for refining; germanium in zinc concentrates 
proclucecl a t thc T su meb mine may contri bu te to 
U.S. supply, but no data are available on the 
quantity derived from thi s soun:e (7). 

Imports of germanium droppecl from over 
30,000 pounds in 1961 to about 900 pou nds in 
1964; since then imports have remain ed betwee n 
3,000 and 4,000 pounds per year. 

The estimated demand of 63,500 pounds for 
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FICURE 1.-Supply-Demand Relationships for Germanium, 1968. 

single-crystal gennanium ingot for the eleetronies 
industry in 1968 dropped from the steady level 
of about 70,000 pounds per year noted for 1965-
67 ; the decline was attributed to inereased use 
of alternate materials and teehno1ogieal ehanges 
in semiconduetors. The number of semieondue­
tor deviees has shown a remarkable growth in 
rccent years, and the volume of sueh devices 
using gennanium aecounts for about 80 percent 
o( the total germanium consumption; eonsump· 
tion of gennanium for sediieonduetors probably 
will stabilize at the 1968 level for some time. 

Secondary Sources ·and Conservation 
The major secondary source and eonservation 

praetice for germanium is through reeovery from 
Krap cuttings and grindings in the manufaeture 
o( semiconduetor deviees. 

BYPRODUCT-COPRODUCT 
RELATIONSHIPS 

Gennanium is commercially recognized as a 
byproduet, necessarily eliminated when present 
in refined zinc from domestic sources and from 
copper-zine ores in Afriea. It eommonly exists 
witflin the molecular strueture of other minerals. 

Gennanium is recovered from coal residues in 
the form of flue dusts and ashes in the United 
Kingdom; this souree of germanium has been 
large1y undeveloped in the United States and 
could probably have a signifieant impaet on 
domesuc supply. 

CONSUMPTION PATTERN 

Uses 

. The major use of germanium in end produets 
u . as a single-crystal high-purity metal used 
pn~cipally in the manufacture of semieonduetor 
dences including transistors, diodes, and reeti· 
fiers; this end use aecounts for about 90 pereent 
o( the total demand. Germanium semiconduetor 

usage is distributed in consumer eleetronies and 
communieation deviees and equipment (47 per­
eent) ; eleetronic eomputing and data proeessing 
equipment (33 pereent) and eleetronie nuclear 
measuring instruments, p1ineipally as a radiation 
detection crystal (10 pereent). The remaining 
10 pereent is uti1ized in the manufaeture of 
speeialized optieal glass, infrared equipment, and 
minor uses. Germanium is used as an alloying 
constituent in eopper, aluminum, and mag· 
nesium to increase hardness and improve rolling 
properties of the alloys, and in gold so1der and 
jewelry manufaeture. Gennanium is a1so used 
in phosphors in certain lights, and a minor 
amount is used in researeh. Germanium is used 
to a large extent in Europe and Japan as a 
eatalyst in textile (polyester) manufaeture. Thi s 
type of eatalyst makes the materia! whiter ancl 
imparts the pennanent press eharaeteristies. U .S. 
manufaeturers presently t.!o not use gennanium 
as a catalyst. 

Alternate Materials 

Gennanium transistors, diodes, and rectifiers 
have replaced the vaeuum tube or eleetron tube 
in many applieations where cost-performanee 
ratios have been competitive and where size 
requirements neeessitate solid-state deviees. How­
ever, semieonduetor materials with comparable 
performance eharaeteristies sueh as high-purity 
silieon and eertain tellurium, selenium, indium, 
and gallium bimetallics ean be substituted for 
germanium. 

ECONOMIC FACTORS 

Prices and Costs 

In 1952, the price of germanium reached a 
high of $488 per pound in constant 1968 dollars. 
Subsequently, the priee declined and remained 
at $79.65 per pound from the Iast quarter of 
1966 until mid-1969. The priee inereased in June 
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FICURE 2.-Time-Price Relationship for Germanium. 

to $85.50 per pound and again in October to 
$93 per pound. The downward trend since 1952 
is indica tive of the competition between ger­
manium and silicon for the semiconductor 
market. The price increases in 1969 largely re­
fiect demand for catalytic use in polyester fiber 
production. 

The 1968 price of electronic-grade germanium 
dioxide continued at about $40, per pound until 
June 1969 when it was raised lb $43 per pound. 
In October 1969 the price was again increased 

to $48 per pound. The price-time relationship 
for germanium in constant 1968 dollars is shown 
in figure 2. 

The total value of domestic primary produc­
tion of germanium in 1968 was about $1.7 
million, and demand amoun ted to S6 million . 

Taxes and Tariffs 
Domestic producers are granted a depletion 

allowance of 15 percent on either domestic or 
foreign production of germanium. Effective 
January 1, 1969, the tari fis on imported ger­
manium dioxide and meta1 are respectively 8 
and 14 percent acl valorem on manufacturecl 
articles. Transparta tien costs are of little sig­
nificance in movement either of feed ma teria! 
or refinecl product. 

Government Programs and Strategic 
Considera tions 

Germanium has not been included in the 
Government stockpiling program or in Govern­
ment-sponsored explorat ion assistance programs. 
However, some research has bcen conducted by 
the Bureau of l'viines ancl the GeologicaJ Survey. 

Although germanium may bc considered of 
some strategic importance through its use as a 
semiconductor for solid state applica tions, p ar­
ticular1y in the field of commu nications, the 
availabili ty of alterna te materials tends to mini­
mize gem:.anium for strategic considerations. 

OUTLOOK 

Demand for primary germanium dropped 
from 78,000 pounds in 1960 to 16,000 pounds in 
1964, doub1ed in 1965 to near1y 33,000 pounds, 
and has since been on a genera1 decline. How­
ever, during this time, the demand for semi­
conductors has continued to climb. The dispari ty 
between a deerease in demand for primary 
germanium and an increase in demancl for 
semiconductors is attributed to advances in 
manufacturing technology and the use of alter­
nate materials, especially silicon. T echnological 
shifts in the prospective use pattern during the 
forecast period of 1968-2000 shou1d result in a 
departure from the principally semiconductor 
use, which currently accounts for 80 percent of 
total demand, to a more diversified use pattern. 
The semiconductor use of germanium is ex­
pected to drop to about 60 percent of total de­
mand in year 2000. Domestic germanium con­
sumption should grow during 1968- 2000 at 
average annual rates ranging between 0.9 and 
~ .0 pcrcent. Based on projected domcstic sup­
ply, domestic demand for germanium can be 
met throughout the forecast period from primary 
sources and from recycled scrap. 

Rest-of-the-world consumption of primary is 

expected also to grow during the forecast period 
at average annual rates ranging between 0.9 and 
3.0 percent, the same rates preclicted for the 
United States. T echnological shifts and other 
contingency influences predicted for the United 
States will be paralleled in cvolving use pa tterns 
in rest of the world. The consumption of re­
cycled scrap is also expected to be similar to 
that predicted for the United States. 

If supply from coal sources is considered, both 
domestic and world supply poten tial is adequate 
to meet forecast demands. 

DEMAND 

The domestic forecast demand for germanium 
in the year 2000 is expected to range between 
97,000 and 195,000 pounds. The contingency 
forecasts of demand for germanium are shown 
in table 1. A forecast base for each end use in 
2000 was established by correlat ing demancl in 
each category with the projected growth of such 
variables as gross national product (GNP) and 
total population. Probabilistic and multiple 
contingency analyses of technologic, economic, 
and other contingency assumptions were con-
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sidered for each of the major end uses of ger­
manium in the year 2000. The high and low 
ranges of the forec~s t ~·epresent the outer rar:ge 
of positive or negauve mfluences of the foregomg 
factors on each end use. A summary of the fore­
cast range follows: 

Forecast range of demand for germanium 
(thousand pounds) 

1968 

l!nit<d States 
Total: 

High .. .. .... ·} 79 
Low .. .... . . . . 
(Median) . ... . 

Primarv: 
High ... .. . .. ·} 25 Low .... .. . . . . 
(Median) ... . . 

Rest of the world 
Primarv: 

High .... . ... · } 90 
Low . . . .... .. . 
(Median) . .. . . 

TABLE 1.-Contingcncy fc.recasts of demand for 
germanium by end use, ycar 2000 

(Thousand pounds ) 

Demand in year 2000 
u.s. 

2000 

{
t95 
97 

(146) 

{ 
65 
~~ 

(49) 

f220 
}120 
(170) 

End use Demand forccast United States Rest of the world 1 

1968 base 
2000 Low High Low High 

Consumer 
tltctronics, 
communication 
cqu ipment ... !7.0 

Electronic 
computing 
equipment .. . 26.5 

Electronic 
nuclear 
dtt<ction 
equ ipment 8.0 

Prrsscd aod 
blown gla55 

60 ~5 70 NA NA 

40 25 50 NA NA 

!0 20 40 NA NA 

(optical) . . . . 7.0 25 15 ~0 NA ~~ 
Other uoes ... . :...· _::'5:.._ _ _:2 ___ 2..:..._ __ 5 __ N_ A _ _ -:-_ 

Total .... 79.0 97 195 120 220 
(Median 146) (Median 1 70) 

NA Not available. 
1 Rtst·of-the·world demand for primary only. 

Consumer Electronics and Communication 
Equipment 

The forecast hase for the category was pro­
jected at the anticipated annual growth rate for 
total population of 1.6 percent for 1968-2000, 
resulting in a forecast demand base of 60,000 
pounds of germanium. A high demand for ger­
manium in 2000 may result from the continued 
high growth rate of consumer eleetronies and 
communication broadcasting and receiving 
cquipment utilizing germanium, and hy a tech­
nological shift to solid state devices for ignition 
systems and control of land vehicles, aircraft, 
and other rqohile equipment. Based on these 
considerations, the demand for germanium in 
2000 could he as high as 70,000 pounds. Alter­
natively, the future growth rate for germanium 
in these end uses could he reduced through 
such changes as increased suhstitution for semi-
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FIGURE 3.--Cornparison of Trend Projcctions and Forecasts 
for Primary Germanium Demand. 

conductors by silicon and other materials, hy 
developments in microminia turization which 
would require less semiconducting materia! per 
unit, or hy greater efficiency in utilizing semi­
conductors and their components. These con­
tingencies could result in a forecast low of 
35,000 pounds for this end use in 2000. 

Electronic Computing Equipment 
Demand in 2000 for germanium for electronic 

computing equipment was related to the pro­
jected annual growth rate for total populatioil, 
1.6 percent, resulting in a forecast base of 40,000 
pounds of germanium. The growth of germanium 
demand for this end use could reach a forecast 
high of 50,000 pounds in 2000, assuming that 
the rapid computer growth continues during 
the forecast period. However, contingencies 
similar to those that would contrihute to a fore­
cast low for consumer electronics, such as sub­
stitution for semiconductor materials and 
microm1maturization for components, could 
result in a forecast low of 25,000 pounds of 
germanium in electronic computing equipment. 

Electronic Nuclear Detection Equipment 
The demand in 2000 for germanium in elec­

tronic nuclear detection equipment was related 
to the anticipated growth in GNP, 4.0 percent 
for 1968-2000, resulting in a forecast base of 
30,000 pounds for this end use. Increased de­
mand hy medical, industrial, and research lab­
oratories, particularly those working with 
low-level radioactivity, widespread monitoring 
for radiation in response to public awareness 
of radiation hazards, and a general increase in 
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usage of nuclear technology could · result in a 
forecast high of 40,000 pounds of germanium 
for nuclear detection in the year 2000. More­
over, this end use will probably be less sensitive 
to inroads by substitute materials than the other 
uses of gennanium. However, microminiaturiza­
tion of components as well as more efficient use 
of detection crystals that would reduce the 
quantity of germa nium per unit could result in 
a forecast low of 20,000 pounds. 

Pressed and Blown Glass (Optical) 

Germanium should find continued and grow­
ing usage in infrared optics, which is currently 
a strongly clefense-oriented demand. The fore­
cast base of 25,000 pounds for germanium in 
~lass in 2000 was related to the projected growth 
m GNP of 4 percent for the forecast period. 
The demand for gennanium in this end use 
could reach a forecast high of 30,000 pounds of 
germanium if military clemands for infrarecl 
products continue, ancl if peaceful uses of in­
frared devices expand to meet demands for 
nighttime surveillance of property. Aclclitionally, 
infrarecl or thermal mapping from satellites and 
aircraft which may be useful in minerals pros­
pecting, in forest and agricultural control, and 
m highway and construction planning activities 
rnay also contribute to the high!demand. On the 
other hand, decreased military demands for 
germanium, brought about by relaxation in 
world conflict or because of substitute materials 
that may be developed during the forecast 
period, could result in a forecast low of 15,000 
pounds. 

Other Uses 

The forecast base of 2,000 pounds for this 
category in 2000 was related to the projected 
annual growth of GNP of 4 percent. If these 
end uses are sustained throughout the forecast 
period and if research results in the develop­
rnent of new applications for germanium, a high 
forecast clemancl of 5,000 pounds may result 
in the year 2000. The low demand for germani­
um in 2000 is not expected to fall below the pro-
j ected forecast base of 2,000 pounds. · 

SUPPLY 

Domestic resources of germanium are asso­
ciated with leacl-zinc resources principally in ores 
in vVisconsin, Illinois, and Oklahoma. Potential 
sources of germanium include other lead-zinc 
ores and ash from certain domestic coals. 

The projected domestic availability for ger­
manium, figure 5, is estimated at over 1.2 million 
pounds from recovery as a byproduct of lead·zinc 
ores, from flue dusts and residues from base­
metal refining, and from certain coals and coal 
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fly ash. Although rest-of-the-world supply of 
germanium is unknown, it might be conserva· 
tively estimatecl at over 10 million pounds if 
germanium-bearing coals are included. 

POSSIBLE ADVANCES I N TECHNOLOGY 

Research and develo~ment may result in re­
Iiable and highly effectlve methods for gro"·ing 
high-puri ty germanium monocrystals for widc­
spread use in nuclear particle detection and 
analysis systems. Studies on properties of gcr· 
manium and development of efficient techniqucs 
for making superconductors and more versatile 
semiconductors could result in new solid state 
circuitry and applications. Demand for special· 
ized glass should stimulate and intensify research 
and development in use of germanium glasses 
for transmission of infrared radia tion. 
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FUTURE SUPPLY-DEMAND 
RELA TIONSI-IlPS 

The median demand for primary germanium 
in 2000 is expected to be 49,000 pounds, valued 
at near1y $6 million in constant 1968 dollars. 
The projectcd 1ow and high demands of 33,000 
to 65,000 pounds are valued a t S4 million and 
$7.8 million, respective1y. The values of con­
stant ratio production for high and 1ow range 
in 2000 are S6.6 million ancl $3.4 million, re­
spectively. 

The constant ratio for the high and 1ow pro­
duction requirement to meet domestic demand 
for primary for 1968-2000 indicates a supp1y 
requirement of 1.25 million and 0.8 million 
pounds, respective1y, during the forecast period 
(fig. 4). The constant ratio low domestic pro-

duction requirement for 1968-2000 could :--: met 
entire1y from supply originating in base-mctal 
ores. However, the constant ratio for the high 
forecast domestic production requircment for 
1968-2000 would havc to be met to some extent 
by germanium recovered from coal ash durin(T 
part of the forecast period. · "' 

The rest-of-the-world supp1y is aclequate to 
meet the cumu1ative rest-of-the-worlcl demand 
for 1968-2000 of 3.1 million pounds at the low 
of the range and 5 million pounds at the high 
range. I-lowever, a situation analogous to the 
forecast domestic supply-demand picture could 
prevai1 so that it is likely that a 1arger propor­
tion of world supp1y will be recovered from 
coa1 ash because of the dep1etion of base-metal 
deposits. 

PROBLEMS 

The major prob1em facing the germanium 
industry is the 1ack of diversified industria1 ap­
p1ication for the element. As such , demand for 
gennanium is sensitive to its use in the semi­
conductor market and to inroads by competitive 
materia1s. Research is needed to deve1op new 
and diverse app1ications that utilize significant 
quantities of the e1ement. 

Domestic germanium O).l>tput is dependent 

upon zinc production. Coa1s and flue clusts of 
other metallurgica1 operations are sources of 
germanium in foreign countries. These sources 
have not been utilized for recovery of germanium 
in the United States, principally because of the 
1ack of markets for the e1ement. 

Comprehensive resource information and sta­
tistica1 data on domestic and world supply and 
demand of germanium are 1acking. 
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