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Saateks

Käesolev bibliograafia koondab eelkõige akadeemik (tollal dotsent) Mihkel Veiderma

poolt 1960. aastal Tallinna Tehnikaülikoolis rajatud anorgaanilise keemia ja tehnoloogia
uurimisrühma publikatsioone, mis on avaldatud aastatel 1960—2002. Publikatsioonide

autorid kuulusid esialgu peamiselt TTÜ mineraalväetiste- ja söötade (hiljem anorgaanilise
tehnoloogia) laboratooriumi koosseisu, ajapikku aga uurimisrühm laienes mitmete anor-

gaanilise keemia, hilisema anorgaanilise ja analüütilise keemia kateedri, üldise ja anor-

gaanilise keemia õppetooli ning analüütilise keemia õppetooli õppejõudude ja teadu-

ritega, arenes koostöö ka teiste struktuuriüksuste töötajatega. Pidevalt laienesid sidemed

teadlastega ka väljastpoolt Tehnikaülikooli ja Eestit, samuti projekteerimis- ja tootmis-

ettevõtete töötajatega.
Põhiosa publikatsioonidest on seotud fosfaatide keemia ja tehnoloogiaga, eriti loo-

duslike fosfaatidega ning nende töötlemisega, ajapikku laienes temaatika põlevkivi-
energeetikale ning keskkonnakaitsetehnoloogiale. Vastavalt sellele on üles ehitatud ka

bibliograafia rubriigistik. Bibliograafia osad 1, 2.3 ja 3 sisaldavad põhiautorite trüki-

väljaandeid ka väljastpoolt nimetatud temaatikat.

Eraldi on välja toodud ettekannete teeside rubriik, mis on liigendatud kongresside,
konverentside, sümpoosionide jne järgi, samuti dissertatsioonid ning autoritunnistused ja
patendid. Igas rubriigis on publikatsioonid kronoloogiliselt järjestatud. Bibliograafia ei

sisalda ajalehtedes avaldatud artikleid.

Kokku sisaldab bibliograafia 14 raamatut, 367 teadulsartiklit, 263 ettekande teesi 123

rahvusvahelisel, üleliidulisel (endine NSVL) või vabariiklikul kongressil, konverentsil,

sümpoosionil, 15 dissertatsiooni ja 18 autoritunnistust või patenti. Lisatud on ka autori-

register ning bibliograafias kasutatud lühendite nimestik.

Koostaja tänab Tallinna Tehnikaülikooli ja Eesti Teaduste Akadeemiat rahalise

toetuse eest bibliograafia väljaandmiseks, samuti publikatsioonide autoreid ning Antonina

Andrijevskajat, Mari-Ann Tammet ja Ants Pihlakut hea koostöö eest.

Ivi Kattai

Koostaja
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Preface

This bibliography is a collection of publications published during 1960—2002 by

inorganic chemistry and technology research group, created in 1960 under the leadership
of academician (at that time docent) Mihkel Veiderma. The authors of the publications

belonged at first mainly to the laboratory of mineral fertilisers (later laboratory of

inorganic technology). Later the research group expanded, teaching staff and several

researchers from the department of inorganic chemistry (later department of inorganic
and analytical chemistry, then chair of general and inorganiec chemistry and chair of

analytical chemistry) were incorporated and also collaboration with researchers from

other structural units widened. Contacts with scientists outside Tallinn Technical

University and Estonia, with workers of manufacturing and design companies developed

permanently. !
The publications are mainly related to phosphate chemistry and technology, especially

natural phosphates and their treatment, later on also oil shale energetics and

environmental protection technology. According to this, the designation of the

bibliography was chosen. Parts 1, 2.3 and 3 of the bibliography contain also publications
of the main authors outside the mentioned topics. .

Abstracts of presentations form a separate part of the bibliography divided into

subsections of congresses, conferences, symposiums, as well as dissertations, patents and

certificates of authorship. In each subsection, publications are listed chronologically.
Articles in newspapers are not included.

The bibliography consists of 14 books, 367 scientific papers, 263 abstracts of

presentations at 123 international conferences and congresses, ineluding at conferences

and symposiums in former USSR and in Estonia, 15 dissertations and 18° patents or

certificates of authorship. It contains also the index of authors and list of abbreviations

used.

The compiler is grateful to Tallinn Technical University and Estonian Academy of

Sciences for financial support on this bibliography, as well as to the authors of the

publications and Antonina Andrijevskaja, Mari-Ann Tamme and Ants Pihlak for kind

partnership.

Ivi Kattai

Compiler
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Kokkuvõte uurimustest

1960. aastal pärast seitsmeaastast inseneritööd Maardu Keemiakombinaadis valiti mind

kui tootmisala spetsialisti Tallinna Polütehnilise Instituudi dotsendiks üldise keemilise ja

anorgaaniliste ainete tehnoloogia alal. Maardus olid selleks ajaks käiku lastud väävel-

happe ja superfosfaadi tootmise tsehhid. Toormena kasutati Venemaalt sisseveetavat

püriiti ja apatiiti. Fosforiidi kasutamisel oli aga kõik endiseks jäänud — lihtsa mehaanilise

rikastamise teel toodeti madala kvaliteediga fosforiidijahu (19-22% P,Os), sedagi suurte

kadudega. Fosforiidijahu läks otse käiku fosforväetisena, mille toime oli tühine. Enne

sõda peaaegu valmis ehitatud flotatsioonivabrik, mis pidi andma eksporttoodangut ja
tooret kohapeal superfosfaadi saamiseks, oli jäänud käiku laskmata, seadmestik aga

osaliselt laiali tassitud.

Õppejõuna tuli kohe asuda kandidaaditöö tegemisele. Esimene katse astuda veel

Maardu päevil kaugõppe aspirantuuri Galurgia Instituudi juurde Leningradis nurjus pollii-
tilistel põhjustel. Teisel katsel see siiski õnnestus, sedapuhku 1961. aastal Väetiste ja

Insektofungitsiidide Teadusliku Instituudi juurde Moskvas. Mu juhendajaks sai välja-

paistev teadlane akadeemik Semjon Volfkovitš, kes andis head nõu ja olulisi suuniseid,

kuid jättis mulle laia tegevusvabaduse. ;
Teema valikul oli määravaks Maardu perioodil süvenev rahulolematus Eesti fosforiidi

kasutamisega. Seadsin endale ülesandeks uurida meie fosforiidi eripära keemiatööstuse

toormena ja töötada läbi selle töötlemine kahes põhivariandis — hapetega lagundamise või

termilise mõjutamise teel. Vastavaid uurimusi olid enne sõda alustanud Jaan Kopvillem
Tallinna Tehnikaülikoolis ja Jaak Kuusk Tartu Ülikoolis, kuid need olid jäänud edasi

arendamata. Kuna fosforiidi töötlemine väärtuslikeks saadusteks eeldas ühtlasi kõrgema

kvaliteediga tooret, siis püüdsin initsieerida töid fosforiidi paremaks rikastamiseks.

Flotatsioonivabriku käikulaskmine 1970-ndatel vene päritolu reagentidega võimaldas

seda vaid vähesel määral. Alles pärast koostööd Rootsi firmadega ja nendelt imporditud

reagentide kasutuselevõttu õnnestus P,Os sisalduse kontsentraadis viia vajalikule
tasemele (vähemalt 28—29%).

Uuringute edukuse eeldus oli muidugi heade kaastöötajate leidmine, eelkõige
sealtsamast mu koduülikoolist veel üliõpilaste, hiljem seal või mujal lõpetanute, samuti

kolleegide näol teistest uurimisrühmadest või tööstusest. Ajalises järjestuses toon esile

kõige pikemaajalisema sisulise panuse andnud isikud: Helgi Veskimäe, Ernst Aasamäe,
Rein Kuusik, Anne Rebane, Jüri Truusa, Anu Kuusk, Juta Põldme, Ludmilla Viisimaa,
Meeme Põldme, Tiit Kaljuvee, Kaia Tõnsuaadu, Jelena Kudrjavtseva, Andres Trikkel,
Merike Peld, Marve Einard, koostööpartnerite hulgast tööstuses ja uurimislabora-

tooriumidest kõigepealt Tamara Jagodina, Viktor Skorobogatov, Rena Knubovets.

Enamik nendest kaitsesid tehtud tööde alusel oma kandidaadi- või doktoriväitekirja. Palju
tuli ära teha ka uurimuste materiaalse baasi loomiseks. Tähtsündmusteks sel alal olid

keevkihil põhineva tööstusliku termoprotsesside arendamise katseseadme loomine

Maardus, laboratooriumihoone ehitamine ja sisustamine TPI Mustamäe kompleksis.
Uurimuste ajalises dünaamikas võib eristada kaht suunda: ühest küljest vastavate
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materjalide, süsteemide ja protsesside alusuuringute süvendamine, teisalt rakendus-

uuringute arendamine kuni tööstuslike katseteni välja. Süvendanud teadmisi ja oman-

danud kogemusi protsesside uurimisel fosfaatide keemia ja tehnoloogia heterogeensetes
süsteemides (tahkis-vedelik-gaas), laienes tööde temaatika ajapikku ka teistele süs-

teemidele, peamiselt seotult keskkonnakaitse, energeetika ja põlevkivi tehnoloogiaga.
Uurimisrühma mahukas ülesanne oli ka komplekssete uuringute korraldamine,

argumentatsiooni kogumine ja esitamine, vältimaks NSV Liidu keskvõimude poolt
kavandatud fosforiidimaardlate evitamist madalal tehnoloogilisel tasemel ja keskkonda

ähvardaval moel.

Kui koostöö NSV Liidu mitmete teiste uurimisrühmadega sai alguse uuringute algus-

faasis, siis ühisuuringud välisteadlastega hakkasid arenema 1970-ndate lõpust (Ungari,

Soome, Bulgaaria, USA, lisrael, Prantsusmaa). Tulemuste publitseerimine NSV Liidu

keskajakirjades läks üle nende avaldamisele rahvusvahelistes teadusajakirjades. Samas

suunas on läinud esinemised teaduskonverentsidel ja -seminaridel või nende korral-

damine. Suurim uurimisrühma korraldatud üritus oli 1989. a ligi 500 osavõtjaga XI Rah-

vusvaheline Fosforikeemia Konverents Tallinnas. Uurimuste rakenduslikku originaalsust

väljendavad 18 autoritunnistust ja patenti.
Järgnevas püüan üldistatult esile tuua uurimisrühma töö tähtsamad tulemused samas

liigenduses ja järjestuses, mis on aluseks võetud bibliograafia osas.

Uurimused Jooduslike fosfaatide koostise ja omaduste alal läbisid kesksetena kogu
vaadeldava perioodi, laienedes ja süvenedes võimaluste avanemisega proovide kollekt-

siooni täienemiseks ja uute uurimismeetodite rakendamiseks. Nad haarasid eelkõige nii

põhimineraali — apatiiti Ca;(PO4)sF»> — kui ka lisandeid oma erinevates liikides ja variat-

sioonides. Toorme eripära tundmine oli nii selle töötlemise uurimise suunamise kui ka

tulemuste erinevuse seletamise eeldus. š
Uuringud algasid Eesti fosforiidi fosfaatse aine võrdlemisest teiste fosforiitide (set-

teliste apatiitide) omaga. Erinevalt varem valitsenud seisukohast fosfaadi jakarbonaatide

esinemisest fosforiidis individuaalsete mineraalidena, näitasime, et fosfaat kujutab endast

B-karbonaatapatiiti, milles PO4-ioon, sõltuvalt fosforiidi tekke tingimustest ja hilise-

matest muutustest, on enam-vähem kindlas hulgas asendunud CO;-iooniga. Mida rohkem

CO;-looni on apatiidi struktuuri sisenenud, seda madalam on võre regulaarsus jakõrgem
fosfaadi poorsus (eripind), lahustuvus keemilistes reagentides ning reaktsioonivõime ja
otsene omastatavus taimede poolt. Eesti fosforiidil on suhe CO,:PO4y fosfaadis üks

madalamaid fosforiitide hulgas (moolsuhtena ca 0,1), ja seetõttu nimetatud omadused

avalduvad nõrgemini kui näiteks laialt levinud mugulfosforiitide puhul, kuid siiski
suuremal määral kui metamorfoossetel Karatau fosforiitidel. Analüütiliste tööde käigus
identifitseeriti ja määrati Eesti fosforiidis kvantitatiivselt lisandmineraalid, sõltuvalt

maardlast ja rikastamise astmest, määrati mikrokomponentide, sh haruldaste

muldmetallide sisaldus. Seoses termilisel töötlemisel leitud erinevustega koonduti Põhja-

Euroopa (Loode-Venemaa, Soome, Rootsi) endogeensete apatiitide uurimisel F- ja OH-

ioonide ja nendevahelise vesiniksideme dünaamikale. FTIR-spektroskoopia rakendamine

koos programmeeritud andmetöötlusega võimaldas esile tuua apatiitide omadusi
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mõjutavad struktuursed karakteristikud. Uurimustele looduslike fosfaatidega lisandusid

1980-ndatesttööd sünteetiliste apatiitidega.
Fosfaatide ja teiste materjalide uurimisel kujunes üheks põhimeetodiks termiline ana-

lüüs selle mitmes versioonis, sh uudsusena lenduvate gaaside määramisega gaaskroma-

tograafia ja FTIR-meetoditel. Tehti kindlaks struktuursed muudatused apatiitide kuumuta-

misel — võre korrastumine, H,O ja CO, eraldumine, COs-iooni ümberpaiknemine jms.
Termoanalüüs andis olulisi lähteandmeid looduslike fosfaatide hüdrotermilise töötlemise

ja rikastamise, fosfokipsi termilise lagundamise jt protsesside uurimise suunamiseks ja

kujundamiseks.
Uuringute mahuka osa moodustas fosfaattoorme, eelkõige Eesti fosforiidi, Jagunda-

mine hapetega, saamaks tulemuslikke fosfor- ja liitväetisi. Esialgsed tööd olid siiski

seotud superfosfaadi tootmise modifitseerimisega Maardus (apatiidikontsentraadist), et

kaasata sellesse rohkem fosforiidijahu, lühendada keskkonda saastavat superfosfaadi

küpsemisprotsessi kestust ja parandada saaduse kvaliteeti. Edukaimaks osutus põlev-
kivituha kasutuselevõtt lisandina superfosfaadi granuleerimisel Maardus ja Kedainiai

Keemiatehases Leedus, mille tulemusena oluliselt tõusis graanulite tugevus ning säilivus

transpordil ja ladustamisel, samuti mikroelementide sisseviimine superfosfaati Maardus.

Kompleksse granuleeritud NPK-väetise saamine superfosfaadist, karbamiidist jakaalium-

kloriidist piirdus laboratoorse uurimisega. >
Seejärel koonduti topeltsuperfosfaadi kui parima kontsentreeritud fosforväetise ja selle

tootmise vaheprodukti — fosforhappe saamisele. Uurimused haarasid põhi- ja lisand-

mineraalide lagundamise kineetikat väävel- ja fosforhappega, faasianalüüsi, erinevaid

tehnoloogilisi versioone, tahkfaasi (fosfokipsi) eraldamist vahesuspensioonist, toorme

koostise mõju selgitamist, katseid lähtefosfaadi mehaaniliseks aktiveerimiseks, saaduste

iseloomustamist jne. Osutati erinevustele fosforhappe saamisel Eesti fosforiidist, näidati

võimalust topeltsuperfosfaadi tootmiseks fosforiidist, kui seda lagundada Koola apatiidist
saadud fosforhappega. Pärast flotatsioonrikastuse evitamist Maardus hakatigi seda kasu-

tama topeltsuperfosfaadi tootmises, küll mitte Maardus (puudus fosforhappe tootmine),
kuid kahes tehases Venemaal. Eesti fosforiidi esmakordse tööstusliku töötlemise meetodi

väljatöötajaid ja evitajaid autasustati 1985. a Eesti NSV Ministrite Nõukogu preemiaga.
Üheaegselt viidi läbi uurimused NP-liitväetise — ammofossi — saamiseks Eesti

fosforiidist.

Seoses kavatsetud liitväetiste tehase ehitamisega Kohtla-Järvele alustati fosforiidi

töötlemise uurimist lämmastikhappega. Selgitati protsessi komplitseerivad asjaolud —

lämmastikoksiidide eraldumine ja intensiivne vahuteke reaktoris, mille vältimiseks

püstitati piirangud toorme koostisele ja viidi reaktsioonisegusse karbamiidi. Näidati

võimalust saada sel puhul kontsentreeritud liitväetist — nitrofoskat ja nitroammofoskat,
uuriti fluori ja haruldaste muldmetallide utiliseerimist. Uuriti ka eelneva kuumutamise või

termokeemilise rikastamise mõju looduslike fosfaatide töötlemisele hapetega ning
selgitati fosforiidierimid, mil puhul on see tulemuslik (kaltsiidi, dolomiidi, püriidi,
orgaanilise aine sisalduse korral) või vastupidi — võib komplitseerida protsessi (mõned
ränimineraalid). Looduslike fosfaatide hapetega lagundamise uurimine toimus peamiselt
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Ernst Aasamäe hoolika käe all töötavas rühmas (Anne Rebane, Jelena Kudrjavtseva,
Ludmilla Viisimaa jt.)

Kõige mahukama ja tulemustelt uudsema osa looduslike fosfaatide töötlemisega
seotud uurimustest moodustas nende termiline töötlemine, mis pole nii nõudlik toorme

kvaliteedi suhtes kui hapetega toimimisel, kuid on ikkagi tundlik toorme koostise erisuste

suhtes. Pealegi ei vajata seejuures suurel hulgal keemilisi reagente ega teki suuremahulisi

jäätmeid. Alustati Eesti fosforiidi hüdrotermilise (veeauruga) töötlemisega, tehti võrdlus-

katseid Koola apatiidiga, hiljem koonduti uuele toormele — Kovdori apatiidile. Uuriti

fosfaadi fluorärastuse kineetikat, reaktsioonikemismi loodusliku toorme ja puhaste
ühendite segude kasutamisel, difusiooninähtuste osatähtsust ja muid mõjufaktoreid,
faasimuutusi ning sulamiskarakteristikuid, matemaatilisi seoseid, saaduste lahustuvust jm.
Arvestades komplikatsioone reaktsioonitemperatuuri (1400—1500 °C) ja segu sulamis-

temperatuuri lähedusest ning protsessi madalat intensiivsust, pandi suurt rõhku

võimaluste otsingutele reaktsioonitemperatuuri alandamiseks ja difusioonitakistuse

vähendamiseks. Eesmärk saavutati protsessi neljaastmelise kujundamisega: toorme

segamine fosforhappega mõõdukas hulgas (B—-10% üldfosforist), segu granuleerimine,
selle hüdrotermiline töötlemine keevkihireaktoris, fluori kinnipüüdmine eralduvatest

gaasidest. Täpsustati keevkihiprotsessi aerodünaamilise režiimi karakteristikud, selgitati
kondenseeritud fosfaatide tekkimist protsessi vahestaadiumis ja selle reageerimist apatiidi
ja lisandmineraalidega, 0H...F vesiniksideme osa Kovdori apatiidi fluorärastamisel.

Läbiviidud uurimuste alusel anti välja lähteandmed pooltööstusliku tsehhi (0,5 t fosfaati

tunnis) projekteerimiseks, mis ka Maardus valmis ehitati. Põhiseade kujutas endast kahe

keevkihiga reaktorit: ülemises kihis toimus granuleeritud lähtesegu ettesoojendamine,
alumises — selle hüdrotermiline töötlemine koos maagaasi põletamisega. Pikaajalised
katsetused kinnitasid laboratooriumis saadud töö tulemusi. Töö autoritele omistati 1975.

a. Eesti NSV riiklik preemia. Hiljem osaleti ka Kovdori apatiidi fluorärastuse tööstusliku

protsessi evitamisel Kingissepa Kombinaadis “Fosforiit” (Leningradi obl), sedapuhku
küll madalama eritootlikkusega pöörlevas toruahjus.

Selliselt saadud fosfaat vastas lahustuvuselt 0,4%-s soolhappe lahuses ja fluori

jääksisalduselt (alla 0,2%) söödafosfaatidele püstitatud nõuetele, kuid väetisena taimed

seda piisavalt hästi ei omastanud. Edasistes töödes uuriti tuntud meetodite kõrval uusi ja
odavamaid võimalusi saaduse väetisomaduste parendamiseks looduslike mineraalide,
eelkõige alumosilikaatide, lisamise teel. Katsed Kovdori ja Siilinjärvi maardla (Soome)
apatiitidega näitasid, et parimaid tulemusi (kuni 98%-line lahustuvus sidrunhappe 2%-s

lahuses) saadakse nefeliini lisamisel. Saaduse põhifaasidena tehti kindlaks a- ja B-
Ca;(PO4)» tahked lahused Ca,SiO4 ja teiste silikaatidega, mis loovad eelduse selle
kasutamiseks prolongeeritud toimega fosforväetisena.

Omandanud teadmisi jakogemusi termiliste protsesside väljatöötamisel, hakati uurima
lisandirohkete fosforiitide rikastamist termilistel ja kombineeritud meetoditel eesmärgiga
saada sobivat tooret hapetega töötlemiseks. Katsed andsid häid tulemusi, kui lisanditeks

olid karbonaadid ja termilisele töötlemisele järgnes mehaaniline separeerimine või kom-

ponentide selektiivne lahustamine, teinekord ka kõrge rauamineraalide ja muidugi orgaa-

nilise aine sisalduse puhul. Ühise ettevõtmise tulemusena koos teiste uurijatega monteeriti
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Lopatino tehases (Moskva obl) esimene selleotstarbeline kolmekihiline keevkihireaktor,
kuid tellituna Saksamaalt. Osaleti protsessi evitamisel, kasutades toormena kohalikku

mugulfosfaati. Termiliste uurimuste järjepidevaks juhiks oli Rein Kuusik, tema kõrval

lõid kaasa Helgi Veskimäe, Tiit Kaljuvee, Meeme ja Juta Põldme, Kaia Tõnsuaadu jt.
Fosfaattoorme töötlemine hapetega on seotud heitmete tekkega. Nendest kõige

mahukam on fosfokips, mis moodustab tehaste ümber suuri keskkonda saastavaid

kuhjatisi. Fosfokips kujutab endast kipsi (CaSO4 + nH,O), millele lisandub, sõltuvalt

toorme koostisest, suuremal või vähemal hulgal selle väävelhappes lahustumatut jääki.

Uuringud olid suunatud väävli regenereerimisele fosfokipsist kas SO», CaS või väävli

näol, et seda väävelhappe tootmiseks uuesti kasutada. Nad sisaldasid konkureerivate

reaktsioonide tasakaalude ja kineetika uurimist (gaasilise ja tahktaandaja kasutamisega)
nende eesmärgipäraseks suunamiseks, difusiooni rolli ja saagiste määramist, toormest

pärinevate lisandite mõju ja tahkjäägi kasutamise uurimist lubimaterjalina jm. Kuna ka

siin oli tegemist kõrgtemperatuurilise heterogeense (tahkis-gaas) protsessiga, siis viidi

rakendusuuringud läbi keevkihi reaktoris, algul laboratoorsel seadmel, seejärel samas

Maardu tööstuslikus katsetsehhis, milles varem toimus fosfaatide termiline töötlemine.

Kasutades kolmest erinevast toormest (Koola apatiit, Karatau ja Tuneesia fosforiit)
saadud fosfokipsi näidati võimalust sellest SO, saamiseks ja tehti kindlaks protsessi
parameetrid ning tahkjäätme koostis ja omadused. Puhtama fosfaattoorme (Koola apatiit)

puhul võib jääki autoklaavbetooni tootmisel edukalt kasutada. Uuringud teises

perspektiivses suunas — väävli või CaS saamiseks — jäid muutunud tingimuste tõttu välja
arendamata. Nende uuringute põhitäitjateks olid Rein Kuusik, Anu Kuusk ja Andres

Trikkel.

Teine uurimissuund oli superfosfaadi tootmise heitgaaside puhastussaadusest või

heitvete neutraliseerimise tahkjäägist fluori regenereerimine nendes sisalduva CaF»,
termilise lagundamise teel (Tiit Kaljuvee).

Erisused põhimineraali (apatiidi) ja lisandite olemuses ja hulgas ning nendevahelises

vastastikmõjus komplitseerivad looduslike fosfaatide termilisel töötlemisel toimuvate

reaktsioonide selgitamist. Seepärast arendati alusuuringuid ka puhaste ainetega süstee-

mides. Nii uuriti vesinikmonofosfaatide dehüdratiseerimist erinevate mõjufaktorite tingi-

mustes, mono- ja polüfosfaatide ning apatiidi, fluoriidi, karbonaatide, silikaatide ja alu-

mosilikaatide vahelisi termoreaktsioone. Selgitati Kurroli soola (leelismetallide

polüfosfaadi) sünteesi- ja uurimiskäiku, täpsustati ta omadusi.

Omaette suure tsükli moodustasid tööd apatiitide sünteesi ja omaduste alal. Algul
sünteesiti sadestusmeetodil apatiite, mis jäljendasid koostiselt looduslikke apatiite, s.o Ca

osalise asendumisega Mg ja Na-ga, PO4y asendumisega CO;-ga, F ja OH varieerumisega.
Seejärel laiendati uurimusi raskmetallide (Cd, Zn, Mn jt.) sidumisele erinevate

apatiitidega, mis võib leida rakendust heitvete puhastamisel ja aidata seletada muutusi

bioloogilistes apatiitides. Tehti kindlaks, millised muutused toimuvad asendatud apa-

tiitide koostises ja struktuuris kuumutamisel. Uudsed on ka tulemused termoreakt-

sioonidest apatiitide ja SO» vahel, sulfaatiooni inkorporeerimisest apatiidi struktuuri (K.
Tõnsuaadu, M. ja J. Põldme, T. Kaljuvee, M. Peld).

Uurimustes kasutati termilise analüüsi erivariante, seejuures kombineeritult eralduvate

gaaside määramisega titrimeetriliselt, gaaskromatograafia või FTIR-meetodil, samuti IR,
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XRD, AAS, paber- ja õhukesekihikromatograafiat, ioonvahetust, SEM, BET jt.
meetodeid. Töötati välja või kohandati uurimisobjektile mitu analüütilist meetodit.

Kokkuvõtteks võib väita, et uurimisrühma töö fosfaatide keemia ja tehnoloogia alal on

olnud viljakas jaandnud uudseid teoreetilisi ja rakenduslikke tulemusi. Mis puutub Eesti

fosforiidisse, siis tehtud tööga on kindlaks tehtud ta erisused keemiatööstuse toormena

ning loodud teaduslik-tehnilised alused selle töötlemiseks hinnalisteks saadusteks ajaks,
mil on lahendatud toorme kaevandamise ja rikastamisega seotud keskkonnaprobleemid
ning leidnud kinnitust tootmise majanduslik tulemuslikkus.

Aegapidi laienes uurimustes energeetika ja põlevkivitööstusega seotud osa. See algas
1970-ndatel põlevkivipoolkoksi keevkihis põletamise uurimisest ja muutus valdavaks

1990-ndatest. Esmalt uuriti võimalusi ja töötati välja lahendusi SO,» paremaks kinni-

püüdmiseks elektrijaamade heitgaasidest põlevkivituhaga, kasutades täielikumalt ära tuha

sidumisvõimet SO, suhtes. Laboratoorseid uuringuid täiendati katsetega elektrijaamas.
Uuriti SO, sidumise ulatust põlevkivi põletamisel segus kivisöega ja poolkoksiga, näidati

erinevusi tuha koostises ja sidumisvõimes sõltuvalt põletusrežiimist. Seoses karbonaat-

sete kivide laialdase kasutamisega SO, eemaldamiseks elektrijaamade heitgaasidest

mujal, uuriti mitme Eesti maardla karbonaatide sorptsioonivõimet SO», suhtes, selgitati
nende hulgast optimaalsed ning töötati välja protsessi matemaatiline mudel. USA-Eesti

põlevkiviuuringute programmi raamides töötati välja lahendused puistangutesse kuhjuva

põlevkivipoolkoksi kahjutukstegemiseks põletamise teel, kasutades ühtlasi ära selles

sisalduva energeetilise potentsiaali. Seoses kasvuhoonegaaside probleemi aktualisee-

rumisega uuriti CO, neeldumist tuhaväljadel ning seda mõjutavaid tegureid. Selgus, et

tuhaga seotava CO» hulk võib ulatuda 5—7 %-ni põlevkivi põletamisel atmosfääri

eralduva CO, hulgast. Nimetatud uurimused toimusid Rein Kuusiku juhtimisel Andres

Trikkeli, Tiit Kaljuvee jt aktiivsel osavõtul. Üheaegselt nende uuringutega osaleti Kirde-

Eesti põlevkivienergeetika kompleksi probleemide läbitöötamises ja teadvustamises,
Eesti energiapoliitika ja arengustrateegia kujundamises, põlevkivi kõrval eriti maagaasi
kasutamise osas (Mihkel Veiderma).

Sõltuvalt initsiatiivist, huvist või ametikohast on uurimisrühma liikmed uurinud ka

teisi küsimusi (sulfaattselluloosi tootmise karbonaatse heitme utiliseerimine, glaukoniidist
koagulandi saamine veepuhastuseks jm), avaldanud ülevaate-, probleem- ja õppe-
metoodilisi artikleid, tegutsenud raamatute ja kogumike toimetaja või koostajana.

Uurimused fosfaatide keemia ning põlevkivienergeetika ja keskkonnakaitse vallas

jätkuvad. Samal ajal on uurimisrühm, nüüd Rein Kuusiku üldjuhendamisel, valmis uuteks

väljakutseteks anorgaanilises keemias ja tehnoloogias, hoides oma juhtivat positsiooni sel

alal Eestis.

Mihkel Veiderma
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Synopsis of the Research

In 1960 after seven years of employment, both as an engineer working in the field and as

chief engineer at Maardu Chemical Combine, I was elected Docent (Associate Professor)
in General and Inorganic Chemical Technology with Tallinn Polytechnic Institute. In

Maardu, by this time sulphuric acid and superphosphate production plants had been put

into operation. Pyrites and apatite imported from Russia were used as raw materials.

However the utilization of local phosphorite continued in the old-fashioned manner — by
crude mechanical enrichment. As a result, a low guality phosphorite flour was produced

(containing 19-—22% P,05), with high wastage rate. Phosphorite was used directly as

phosphorus fertilizer, yielding minimum effect in promoting plant growth in the fields.

The flotation plant intended to put out the product for export and create the raw material

for making superphosphate, there and then, the construction of which was almost

completed before WWII was not launched in the beginning of the Soviet period.
I was elected to the office of Docent by way of exception thanks to my industrial

practical training. The nomination was, however for a limited term. To keep the job, Ihad

to take to work on my Candidate dissertation. My first attempt to enrol at a non-resident

post-graduate programme with the Research Institute of Galurgy in Leningrad failed, due

to political reasons. At that time, I was working at Maardu. I only suceeeded in my

second attempt in 1961 and got admitted for the same type of programme with Research

Institute of Fertilizers and Insecto-Fungicides in Moscow. An outstanding scientist

Member of Academy Semen Volfkoviš became my scientific supervisor. He gave me

good advice in making my way into research, by letting me have free hand in my work.

The dominant motive in my choice of the research topic was the discontent about how

grossly the Estonian phosphorite was misused. The conviction that something had tobe

done about that took shape in my mind in my Maardu period. I decided to focus on doing
research on peculiarities of our phosphorite as raw material for chemical industry and on

its processing in two basic lines- by decomposition with the use of acids, and by thermal

treatment. Respective research was initiated before WWII by Jaan Kopvillem in Tallinn

Technical University and Jaak Kuusk in University ofTartu, but they did not complete it.

On the basis of my research I defended my Candidate thesis in 1965. The advanced

version ofmy work with due generalization won me the title of Doctor in Engineering in

1972. Both degrees were conferred on me in Moscow.

Taking into consideration the need for high guality raw material for processing of

phosphorite into products of greater value I addressed the technigues of its better

enrichment. Putting into operation in 1970 s of the flotation plant (with the reagents of

Russian origin) was of help in partial performance ofthat task. However, it was only after

we started common work with Swedish companies, for purposes of development of

reagents and using them in our plant, that the needed P,Os content in the product (at least

28-29%) was reached.

The mandatory precondition for successful research was finding expert fellow-

workers. I recruited undergraduates from my alma mater the Tallinn Technical
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University, and later the graduates from the same university or elsewhere, or my

colleagues in other research groups. I also used people working in the industry. The

longest contribution, in the order it started was made to our common cause by Helgi

Veskimäe, Ernst Aasamäe, Rein Kuusik, Anne Rebane, Jüri Truusa, Anu Kuusk, Juta

Põldme, Ludmilla Viisimaa, Meeme Põldme, Tiit Kaljuvee, Kaja Tõnsuaadu, Jelena

Kudrjavtseva, Andres Trikkel, Merike Peld, Marve Einard. Among partners from other

laboratories and industry they were Tamara Jagodina, Viktor Skorobogatov and Rena

Knubovets. The greater part of them have defended their Candidate or Doctoral theses,
based on the research done with us. Scores of undergraduates took part in the research

and composed their course papers or diploma works, based thereon.

The conferral on the research group of the status of a problem-research laboratory in

1965 inspired confidence in us that the research and its funding would continue. Much

had tobe done in the way of creation of the material basis of the research. Founding in

Maardu of the industrial pilot plant based on fluid-bed reactor for the development of

thermal processes, and construction and furnishing, within the complex of Tallinn

Technical University, of the laboratory were landmarks in the achievement of that

purpose.

In the temporal dynamics of the research, two directions should be kept apart: on the

onehand, the deepening of the basic research in the field of respective materials, systems
and processes, and the developing of applied research, involving performance of

industrial tests, on the other hand. When the research team had developed solid

knowledge and obtained significant know-how in the research of heterogeneous systems

(solid-liguid-gas) in the field of phosphate chemistry and technology, it extended the

subject matter of research to other systems, connected mainly with the protection of the

environment, oil shale energetics and processing. The research team also had a noble

task to organize complex research, to colleet and submit arguments, to make a case

against exploitation of phosphorite deposits, as planned by the central Soviet authorities,
on low technological level posing threat to environment. In co-operation with other

institutions and researchers, we succeeded to stall this onslaught by the authorities during
almost 15 years, when it came to a halt thanks to the nationalist movement (the so-called

War of Phosphorite), at the time when the Soviet regime flagged and went into decline.

Co-operation with several research groups in the USSR started almost in the beginning
of our research, however joint works with researchers of other countries (Hungary,

Finland, Bulgaria, the USA, Israel, France) only got impetus at the end 19705. Earlier, the

research results used tobe published, mainly in central Soviet journals. Later they were

inereasingly more often placed in international scientific periodicals and collections of

articles. Making presentations at scientific conferences and seminars, as well as

convening by us of the same took the same direction. The XI International Conference on

Phosphorus Compounds in 1989 in Tallinn with nearly 500 participants was the biggest
undertaking organized by our research group. 18 inventor's certificates and patents testify
to the originality of the research results, in their applied aspect.

In following the most substantial results of the research of our team have been
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presented in a generalized manner, in the same breakdown and seguence, as used when

compiling the respective bibliography of publications.
Research on composition and properties of natural phosphates was the centrepiece

of research during the whole period, widening and deepening insofar as there were more

opportunities to replenish the collection of samples and to make use of new methods of

research. Those researches comprised, for the basic component, apatite Ca;o(PO4)sF> as

well as its supplemental minerals in their different species and variations. A good

knowledge of peculiarities of raw material served tous the precondition for assigning
direction for the research in its processing and also for interpreting the differences in

results.

The research started from the comparison of the phosphatic matter of Estonian

phosphorite with that of other phosphorites (sedimentary apatites). Unlike the standpoint

prevailing earlier regarding the occurrence of phosphate and carbonates in phosphorites
as individual minerals, we showed that phosphate represents a B-carbonateapatite, in

which PO4-ion is replaced by CO;-ion in more or less stable amount depending on

conditions of phosphate formation and its later transformations. The more CO;-ion has

entered into the apatite structure, the lesser is the regularity of the lattice and the higher is

the porosity (specific surface), the solubility in test reagents and the reactivity of

phosphate as well as its assimilability by plants. The CO,;:POs ratio in the apatite mineral

of Estonian phosphorite (in mols ca-0,1) is one of the lowest among phosphorites and

therefore the named properties are expressed more weakly in Estonian phosphorite than

in widely spread pebble phosphorites, yet more strongly than in metamorphic

phosphorites of Karatau basin. As a result of analytical research the supplemental
minerals in Estonian phosphorites were identified and guantitatively determined.

Depending on the deposit and the degree of the ore enrichment, the content of micro-

components, including that of rare earths, was established.

Due to complications related to thermal processing, the research was later focused on

endogenous apatites of Northern Europe (North-West of Russia, Finland, Sweden), in

particular on differences in F- and OH-ion content and dynamics of the hydrogen band

between those ions. Making use of FTIR-spectroscopy with programmed data processing
enabled us to elucidate the structural characteristics affecting the properties of apatites.
From the 1980s, there was launched the research into synthetic apatites.

In the research of phosphates and other materials, the thermal analysis in its different
variants (ineluding synchronous gas analysis by gas chromatography and FTIR) occupied
the place of a main technigue of research. The structural changes at heating of apatites —

the regulation of the lattice, the relocation of CO;-ion, the evolvement of H,O and CO»,, et

al were established. Complex thermal analysis provided essential initial data for tackling
the research and elaboration of processes of hydrothermal treatment and enrichment of

natural phosphates, thermal decomposition of phosphogypsum and others.

A large part of research conducted was connected with the decomposition of natural

phosphates, primarily Estonian phosphorite, by acids to obtain effective phosphorous
and compound fertilizers. Still at the beginning of research the studies were aimed at
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modification of the superphosphate production in Maardu (from apatite concentrate) in

order to involve more phosphorite into the process, to shorten the period of ripening of

the superphosphate in the storage (the most polluting stage of production) and to better

the guality of the product. Excellent results were attained, by making use of oil shale ash

for neutralization and granulation of superphosphate at Maardu and Kedainiai (in

Lithuania) plants, incereasing the granule strength and keeping granules intact during the

whole transport process and storage, well conditioned for inserting microelements into

superphosphate at Maardu. Research in obtaining complex granulated NPK-fertilizer

from superphosphate, urea and potassium chloride were confined to laboratory tests, only.

Thereupon the research was aimed at obtaining double superphosphate (a fertilizer

with high concentration of phosphorus) as well as phosphoric acid — its semi-

manufactured product. All-round research embraced kinetics of decomposition of basic

and supplemental minerals by sulphuriec acid and phosphoric acid, the use of different

technological variants, solid phase (phosphogypsum) separation from the intermediate

suspension, explanation of the influence of the composition of raw phosphate and of its

activation efficiency, characterisation of the products ete. As an outeome, the peculiarities
of processing Estonian phosphorite into phosphoric acid were established, the efficiency
to produce double superphosphate by decomposition of phosphorite with phosphoric acid

obtained from Kola apatite was shown. After mastering the flotation of Estonian

phosphorite in Maardu, its use for production of double superphosphate made a headway
with good results, however notin Maardu (where there was no production of phosphoric

acid), but in two plants in Russia. The researchers having pioneered the elaboration and

mastering on an industrial scale of the chemical processing of Estonian phosphorite were

awarded the prize of the Council of Ministers of the Estonian SSR in 1986. Parallel to the

above research effort the research in obtaining the ammophos — a NP compound fertilizer

— Wwere carried out in the laboratory conditions.

In connection with the construcftion at Kohtla-Järve of a plant for production of

compound fertilizers, the research in decomposition of phosphorite with nitric acid

started. As a result, the causes impeding the processing were found out, namely the

evolution of nitric oxides and the intensive foaming in the reactor. To suppress those

hampering factors, there were imposed limits on the phosphorite composition, and an

addition of urea to the reaction mixture was proposed. The possibility ofobtaining, in this

connection, of nitrophoska and nitroammophoska (compound fertilizers with high
content of nutrient elements) from phosphorite was shown. Under the same head,
research was done into utilization of fluorand rare earths.

The influence of the thermal pre-treatment and thermochemical enrichment of natural

phosphates on their processing with acids was a subject of research, too. The varieties of

phosphates were established, for which the pretreatment was useful (in case of content of

calcite, dolomite, pyrites, organic matter), and for which it was not useful (e.g. some

silicates) because of the complications faced in processing thereof. The research in the

decomposition of natural phosphates was carried out under diligent supervision of Ernst

Aasamäe, by Anne Rebane, Jelena Kudrjavtseva, Ludmilla Viisimaa and others.
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The most labour consuming and novel part of research in the field of processing of

natural phosphates was devoted to their thermal treatment, which does not pose too

great demands to the guality of raw phosphate, as does the processing by acids, however

is sensitive to the differences in its composition. Moreover, thermal processing does not

produce much waste. The research started with hydrothermal treatment (by steam) of

Estonian phosphorite and for comparison also of Kola apatite. Later the researchers

focused on a new raw phosphate — Kovdor apatite. The research embraced kinetics of

defluorination, reaction chemism by use of natural phosphates and the mixture of pure

compounds, role of diffusion and other effects, phase transfer and melting range,

solubility of products, computerised data processing ete. Taking into account possible

complications arising of closeness of the reaction temperature (1200-1350 °C) to the

fusion temperature of the mixture (1300-1450 °C) and also due to the low intensity of

processing, much importance was attached to the search of possibilities for lowering the

reaction temperature and minimizing the diffusion resistance. The target set was met by
elaboration of a four-step process: mixing of the raw phosphate with phosphoric acid in

small amount (8-10% of summary phosphorus), granulation of the mixture, hydrothermal

processing of the granulated mixture in the fluid-bed reactor, trapping fluor from the

evolving gases. In the course of research the characteristics of the aerodynamic regime
were specified, the formation of condensed phosphates in the intermediate stage and their

reactions with apatite and supplemental minerals, as well as the role of the hydrogen bond

0H...F spread at defluorination was elucidated. On the basis of research performed,
initial data for projecting of an industrial pilot plant (handling 0.5 t of phosphate per hour)
were produced. The pilot plant was built in Maardu. The central installation represented a

two-zone fluid-bed reactor: in the upper zone preheating of the initial granulated mixture

took place, in the lower zone — its hydrothermal processing with simultaneous

combustion of natural gas in the bed evolved. Long-time testshad borne out the results of

the laboratory research. The authors of the process research and development were

awarded the national prize of Estonian SSR in 1975. Later the research group took part in

starting and mastering of an industrial scale plant for defluorination of Kovdor apatite at

the Kingissepp Combine “Phosphorite” (Leningrad region), although in the rotary kiln of

lower intensity.
The obtained phosphate corresponded, by the solubility in 0,4 % solution of

hydrochloric acid and the remainder content of fluor (less than 0.2%) to the indices set up

for the fodder phosphates, but as a fertilizer it was not well assimilated by plants.
Therefore for bettering of the product fertilising properties, in the follow-up stage of

research, besides the known methods new process variants (much cheaper than those by
use of chemicals) were studied, whose essential component was addition of some

minerals, mainly aluminium flakes. Tests with Kovdor and Siilinjärvi (Finland) apatites
have shown, that the best results (solubility in 2% solution of citric acid over 98%) can be

achieved by addition of nepheline. Solid solutions of a- and B-Cas(PO4y)» with Ca,SiO4
and other silicates were established as the main phases of the product, which created good
prereguisites of its use in the capacity of a phosphorus fertilizer with sustainable effect.
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Having aceguired knowledge and know-how in the elaboration of thermal processes we

began to study the possibilities of enrichment of low-grade phosphorites (with high
content of supplemental minerals) by thermal and combined methods, with the aim to

obtain suitable raw material for their processing with acids. Those researches yielded

good results, especially when supplements were carbonates and mechanical separation or

selective dissolution of components followed by thermal treatment was used, sometimes

also in the case of high content of iron minerals and organic matter in phosphorite. As a

result of eommon work with other researchers the first three-zone fluid-bed reactor fitted

for this purpose was set up at Lopatino plant (Moscow region), though commissioned by

Germany. The research group took part in the mastering of the process using the local

pebble phosphorite as raw material.

Rein Kuusik was the leading figure of thermal research, with Helgi Veskimäe, Tiit

Kaljuvee, Meeme and Juta Põldme, Kaia Tõnsuaadu et al proving his most valuable

fellow workers.

In the course of time industrial waste utilization has drawn more our attention.

Processing of raw phosphates with acids results in formation of impressive amounts of

waste. Among it, the largest by guantity is phosphogypsum which accumulates near

plants in the shape of big piles polluting environment. Phosphogypsum represents

gypsum (CaSO4 + nH,O) containing to some extent, depending on composition of raw

phosphate, residue insoluble in sulphuric acid. The research was aimed at regeneration of

sulphur from phosphogypsum in the form of either SO,, CaS or sulphur, in order to use it,

regenerated for production of sulphuriec acid. The research embraced the studies in

balance and kinetics of rivalling reactions with a view to direct them as desired, finding
out about the role of diffusion and yield of products, determination ofthe influence of the

admixtures of the raw phosphate and the possibility to use the solid residue as a lime, etc.

Since in evidence, in the given case is a high temperature heterogeneous process, the

applied research was carried out in the fluid-bed reactor, provisionally in the laboratory,
thereafter in the same pilot plant in Maardu where the thermal processing of phosphates
used tobe practiced. By use of different kinds of phosphogypsum (from Kola apatite,
Karatau phosphorite, Tunisian phosphorite) the possibility was shown to obtain from

them SO» for regenerating sulphuric acid. The process indices and the composition and

properties of the gaseous product and the solid residue were determined. In co-operation
with colleagues in Russia and Bulgaria initial data for projecting of an industrial-scale

eguipment for Devnja Chemical Plant (Bulgaria) were compiled. In case of purer raw

phosphate (Kola apatite) the solid residue can be successfully used for production of the

autoclave concrete.

Research in another promising direction — for obtaining sulphur or CaS — stalled for

reasons of the changed situation. Researches in phosphogypsum utilization were carried

out by Rein Kuusik, Anu Kuusk and Andres Trikkel.

The sludge from the purification unit of waste gases, as well as from waste water

neutralization complex of superphosphate production, was another subject of our research
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in the field of industrial waste processing. As a result a thermal method for recovery of

fluor from CaF», contained in these wastes was elaborated (Tiit Kaljuvee).

Explanation of the reactions taking place by thermal treatment of natural phosphates is

complicated by the diversity of the nature and amount of the main mineral (apatite) and

admixtures, as well as their interactions at processing. Therefore the research of

respective systems based on pure compounds was carried out, too. Dehydration of

hydromonophosphates in different action conditions, thermoreactions between mono- and

polyphosphates with apatite, fluorite, carbonates, silicates and alumosilicates and several

other interactions were scerutinized, in greater detail (Meeme and Juta Põldme, Kaia

Tõnsuaadu, Tiit Kaljuvee). The course of processes in the synthesis and study of Kurrol

salt (a polyphosphate of alkaline metals) was clarified, its composition and properties was

specified.
Research in the synthesis and properties of apatites amounted to a major chunk in this

research. At first apatites, imitating by their composition natural apatites, were

synthesized, i.e. with partial substitution of Mg and Na for Ca, of CO; for PO4 and

variable F:OH ratio. After that the trapping by apatites of heavy metals (Cd, Zn, Mn etc.)
from solutions was studied, which could be used for purification of waste water and

served for explanation of alteration in biological] apatites. Transformations in structure

and composition of apatites by heating were also identified. Results, obtained by research

in thermal interaction of apatite with SO, as well asin incorporation of SO4-ion into the

apatite structure were novel developments inapatite research (K.Tõnsuaadu, M. Peld).
In our research a great number of methods of analysis were used: different variants of

thermal analysis, including the analysis of the evolving gases by titrimeter, gas

chromatography and FTIR, also IR, XRD, AAS, paper and thin-layer chromatography,
ion exchange, SEM, BET et al, some analytical methods were elaborated or adapted to

the subject of research. ;

Summing up, It is tobe asserted that the studies of the research group in the field of

chemistry and technology of phosphates have been fruitful and have provided novel

theoretical and applied results. Concerning Estonian phosphorites, their peculiarities as a

raw material for chemical industry were established, seientific-technical fundamentals for

their processing to valuable products were created. Their use may be realized in time,
when problems connected with the environmental protection at mining and enrichment

are eventually solved and the profitability of production will become evident.

In the progress of time the section of research connected with oil shale energetics and

processing has widened. It started in the 1970 s with the research in combustion of the

semicoke in fluidised bed and occupied the dominating position in the 19905. In the

beginning, the possibilities were studied and the solutions were proposed for bettering of

the SO, trapping from the exhaust gases of power plants by the oil shale ash using its SO,
binding capacity to the utmost degree. The research in the laboratory was replaced by
tests in the power plant. Research also embraced the SO,-binding capacity by combustion

of oil shale in the mixture with coal and semicoke, the differences in the composition and

binding capacity of ash, conditioned by regime of combustion. In connection with the
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widespread use of carbonate rocks for SO, trapping in power plants abroad, the SO»,

sorption capacity of limestone from several Estonian deposits was studied, the best one

selected, the process mathematically modelled. In the framework of the USA-Estonian

programme in oil shale research a study aimed to make harmless the semicoke,
accumulated in huge piles by its combustion, whereby its energetic value would be

regenerated. In connection with the topicality of global warming issue the research in

CO» sorption by oil shale ash fields and in boosting its sorption capacity have started. As

a result, it was established that the amount of CO, bound by ash can reach 5-7% from

CO» emitted to the atmosphere by combustion of oil shale. These researches were lead by
Rein Kuusik with the active participation of Andres Trikkel and Tiit Kaljuvee. Besides

these researches, our activities have been focused on investigation, identification and

publicly highlighting the problems of the oil shale complex in North-East Estonia and

giving shape to the energy policy and strategy of Estonia, including natural gas supply.

Depending on the initiative, interest or commitments of the respective institutions,
members of the research group have also studied other subjects (utilization of the solid

waste of paper pulp production by sulphate method, obtaining a coagulant from

glauconite for water purification et al), they have published a review, problem and

teaching aid articles, acted as editors or compilers ofbooks or collections.

Research on oil shale energetics, protection of the environment and chemistry of

phosphates are continuing. The research group, at present under general supervision by
Rein Kuusik, is ready for new challenges, keeping in Estonia its leading position in its

sphere ofactivity.

Mihkel Veiderma
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2.55. Bnuücumaa)Jl., Xönpeapß X. MUukpoarneMekHtbi B pochpopurax 9croHUK // llpoõrembi
TIPOMbIIIJEHHOÜ sKkONOruu. TaH., 1988. C. 62—67. Summary: Microelements in the

phosphorites of Estonia (Tp. TIIM; 658).
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2.56. Veiderma, M. Looduslike fosfaatide koostis ja omadused // Eesti Loodus. 1988.

Nr. 7. Lk. 431—435, 476, 478. Summary p. 478: The composition and properties of

natural phosphates.

2.57. Yrcan K. P., Ilizme M. 9. AHarM3 KOBAOpCKOro aNaTHTOBOro KOHIIEHTPparTa

PpeHTreHOZMPpaKUMOHHbIM MeTOAOM // Tp. TIIM. 1989. Ne 685. C. 19—23. Abstract:

Analysis of Kovdor apatite concentrate by X-ray diffraction.

2:58. Kõzlov; F, Veiderma; Mi Kärblane, H Reintam,L., Eippmaa; E. Fösforiidijahu
ikka päevakorral // Eesti Loodus. 1989. Nr. 2. Lk. 117—120.

2.59. Veiderma, M., Viisimaa, L. Mikrokomponendid fosfaattoormes ja väetistes // Eesti

Loodus. 1989. Nr. 12. Lk. 766—772, 820, 822. Summary p. 822: Microcomponents in

phosphate rock and in fertilizers.

2.60. Cymbepr A. H., Ypog K. 9., Aacamaa 9. 9. K xapakTepucrTHke poccusbHoro
OpraHMUECKOro BEIeCTBa HHXKHEro OpAaoßHka OCTOHKH (Maapayckaa MaYka

NaKepopTHOro ropk3ooKTAa) // Foprro4uke csakubl = Oil Shale. 1990. Vol. 7, No. 34.

P. 238—244. Summary p. 242—243: Characteristics of Estonian lower ordovician

fossil organiec matter (Maardu member of the packerort horizon).

2.61. Veiderma, M., Viisimaa, L. Trace elements in phosphate rock and fertilizers // Proc.

Estonian Acad. Sci. Chem. 1990. Vol. 39, No. 1. P. 14.

2.62. Veiderma, M., Knubovets, R. Structure and properties of apatites // Sino-Soviet

Bilateral Symp. on Organophosphorus Chemistry, Oct. 29—31, 1990: Proc. Shanghai,
China. P. 184—188.

2.63.. Veiderma, M: Knubovetss R. Kiruna apatite //<Scand-+]- Metall. 1991.. Võl: 20.

P. 329—330.

2.64. Viisimaa, L., Veiderma, M., Hödrejärv, H. Trace elements in phosphate rock and

fertilizers // Anal. Sci. 1991. Vol. 7 Suppl. P. 1161—1163.

2.65. Veiderma, M. Saateks; Preface; Ilpenucnogßue // Balti basseini fosforiidid =

Phosphorites of the Baltic Basin = PDocbpoputbr Ilpmuõanrukückoro GacceüHa:

Bibliograafia = Bibliography = Bu6nuorpapua 1829—1990 / M. Alev, koost.; TTÜ,
anorgaanilise tehnoloogia laboratoorium. Tln., 1992. Lk.3—9 (Preface p.5-6,
llpeaucnogre C. 7—9).

2.66. Veiderma, M. Phosphorite — vital resource for Estonia // Phosphorus and Potassium.

1993. No. 185. P. 31—32.

2.67. VNeiderma, M., Knubovets, R., Tõnsuaadu, K. Fluorhydroxyapatites of Northern

Europe and their thermal transformations // Phosphor., Sulfur, Silicon. 1996.

Vol. 109—110. P. 4346. š

2.68. Veiderma, M., Knubovets, R., Tõnsuaadu, K. Structural properties of apatites from

Finland studied by FTIR spectroscopy // Bull. of the Geological Society of Finland.

1998. Vol. 70, Parts I—2. P. 69—75.

2.69. Knubovets, R., Veiderma, M., Tõnsuaadu, K. Application of the peak fitting program
“Galactic” for FTIR analysis of OH ions inapatite // Proc. Estonian Acad. Sci.

Chem. 1998. V 01.47, N0.4. P.163—174. Kokkuvõte: Piigisobitusprogrammi
“Galactic” rakendamine apatiidis sisalduvate OH-rühmade FTIR-analüüsis.
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2.70. Knubovets, R., Veiderma, M., Tõnsuaadu, K. Application of the peak fitting

programme “Galactic” for FTIR-analysis of OH-ions in natural and synthetic apatites
// Phosphor., Sulfur, Silicon. 1999. Vol. 147. P. 415.

2.71. Tõnsuaadu, K., Veiderma, M., Koel, M., Nathan, Y. Thermal analysis of Israel

phosphorites // Proc. Estonian Acad. Sci. Chem. 2000. Vol. 49, No. 1. P. 44—52.

2.72. VNeiderma, M. Fosforiidiuurimine Eestis — kas pidu või ohust ajendatud tegevus?:
[raamatuarvustus] // Akadeemia. 2000. Nr. 3. Lk. 626—633.

2.73. Tõnsuaadu, K., Koel, M., Veiderma, M. Thermal analysis of Israel phosphorites with

determination of the evolved gases // J. Therm. Anal. Cal. 2001. V01.64.

P 1247—1255: Proc. l2ihb Int. Coner. on YThermaF Analysis saridCalorimetry,
Copenhagen, Denmark, Aug. 14—18, 2000. Budapest: Akademiai Kiadõö, 2001.

VÕõI. 3 ISBN 96305 7791 7/ P. 1247 1255:

2.1.3. Fosfaattoorme töötlemine hapetega
Processing ofraw phosphate by acids

2A Beünznepma M. A. OCTOHCKHÜ (POocpPOopuT Kak Cblpbö JJA MPok3BOACTBA

cyneppbocpara // Tp. TIIM. A. 1962. Ne 198. C. 159—171.

ÄS Aaper JI. 11., Auco A. A4., Beüznepma M. A., Tpyysa 10. K. HecernezgogßaHue

Npouecca BbI3peBaHKMA MpocTOro cyrepbpocpara // Tp. TIIM. A. 1965. Ne 230.

C. 87—94.

2.76. Beünepma M.A., Kyyck A. A. HeürTpanm3sauma cyneppochpara pocpopuTtTHoü

MykKoü // Tp. TITM. A. 1967. Ne254. C. 91—101. Summary: Neutralization of

superphosphate with ground phosphate rock.

ZAA Aacama3 9.9., Beüznepma M. A., Peõake A. Hcernezoßakke pocpopHo-KHCJOTHOFO
pa3no>xeHka Maapayckoro (PocpoputTHoro KOHUIEHTPaTaA B HE3aryCTEBaROIIHX

* mybriax // O6onoßble POCcPOPuUTLbI Kak Cblpbö AJA XUM. lIPOM-CTH: Tp. Hay4.-TEXH.

KOHp. TnH.: TIIM, 1968. C. 135—150.

2178 Aacama3 9. 9., Bunryn X., Kacecany C., Illypak P. Ilomysenune cyneppocpara «

Norycyrrephpochpara 43 PrIoTaUKOHHOFoO KOHIEHTPpaTa Maapzyckoro pocpopura //

OGorloßble PocpopuTtTbi Kak Cbllpbö ANA XUHM. MPoM-CTH: Tp. Hay4y.-TEXH. KOHPD.
TIH:: TIIA, 1968. € 151156

2791 Beünepma M. A., Aacamaa 93. 9. McerneaoßaHkke BIHAHHA NpHmMecek Ha pocpopHo-
KHCJIOTHOE pa37lo>xeHKE hpocphpopHTa B He3aryCTEBarOoIKX Nynabriax // Tp. TITM. A.

1969. Ne 238. C.77—388. Summary: About the influence, of impurities on

decomposition of phosphorite in phosphoric acid.

280 Beünepma M., Kyyck A. lllpumeHeHHne CJaHueßoh 30761 B TMPOM3BOACTBE

cyneppocpara // Toprwune craKubi. 1969. Ne 6. C. 12—15.

2.81. Beüznepma M. A., Kyyck A. A., Pakayckac A. HeürTpanm3auna eynephpocbhara
craHueßON 3070 // llpom-crTb MHHeEp. yxo6peHkÜÄ M cepHOÜ KUCNOTbI. 1970.

N0.3-4 C 21 25.
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2:82: Aacamaa 9. 9., Beüznepma M. A., DocpopHOKHCJOTHOE pa3NOXxeHKe OÕOJOBLIX

bpocpopuroe // XuM. ripom-crtb. 1971. Ne 1. C. 56—61.

2:89. Beünepma M. A., Aacamaa 9.2., Jlyrcuyc JI. P. IloryseHye paßokHoro cynep-

pocpara 13 9CTOHCKHX PocpopuToß KaAMEpHbIM CrllocoGom // XHM. MPpoM-cCTb. 1971.

Ne 10. C. 750—753.

2. 84. Beünzepma M. A., bonzuHa B. B. Cyneppocpar 143 cMeck armaTuTa H 9CTOHCKOFO

pocpopunra // llpom-cTb MUHHep. YAOÕpeHHÜ K cepHOX KHCJOTEI. 1971. Ne 7. C. 3—7.

2585. Tpyyca 10. A., Beüzepma M. A. IlomyueHne cyrephpochpara c MrpumMeHekukeM
TOBbIIIEHHOH HOPpMbI CepHOH KHCJOTBI // Tlpom-cCTb MHHEp. YyXOÕpekkÜÄ k cepHok
KHCJOTEI. 1972. Ne 3. C. 6—lo.

2. 166: Beünepma M. A., Peõake A. H. M3oTepMmbl-H3OXpoHbI pa3IO>KEHHA aNaATUHTA CepHOÜ
KUHCTOTOÜ // Tp. TIIM. A. 1972. Ne 319. C. 87—96. Summary: Isotherms-isochrones

of apatite decomposition with sulfuric acid.

2 87 Beünepma M. A., Aacamaa 93. 9. Mcenezoßakke MOTOYUHONFO CMOCOGa MOJTYYHEHHA
JBOHHOro cyrlephpocpara c pHMEHEHKEM pa3NUUHbIX BUAOB Cblpba // XUM. NPpoM-

CTB. 1978° No 10 C. 756759.

2. 88. Aacamaa 9. 93., Beüzepma M. A. IloryuseHye ABoüHOro cyreppocpara ro

TTOTOUHHOMY CIOCOOyY C NPHMEHEHHEM MNOBbILIEHHOH HOPMbI PochpopHOÜ KUCJOTEI //

Tp. IIIM: A.. 1973.. Ne344.. C 5962.. Summary; «Production ef. double

superphosphate by liguid method using excess of phosphoric acid.

2.189. Aacama3 9. 93., Beüzepma M. A., Beckumaa X. H. Ilorysekne 39KCTpakuHkoHHol
H;PO4s H amMopoca H3 TEpMHUeCKM OÕpaÕoTaHHbIX pocpoputToß GacceüHa

Kaparay // XuM. rpom-crtb. 1974. Ne 10. C. 756—759.

2 .490: Beüznepma M. A., PeõaHe A. H. M3oTepMbl-H3OXpoHbI pa3JO>XEHKHA JCTOHCKONrO

pocpopura cepHonü kuenoron // Tp. TIIM. 1974. Ne 359. C. 3743. Summary:
Isotherms-isochrones ofEstonian phosphorite decomposition with sulfuric acid.

2491 BeizepmMa M. A.. Aacama3 9:.9. BebaHevA. H. «Pagacoo P. K. Horyszegue
cyneppocpara 6e3 ckr7aackoro ao3peßaHka // Tp. TIIM. 1974. Ne 359. C. 105—112.

Summary: Receiving superphosphate by flow method.

292 Tpyyca 10. A., Beüüzxepma M. A. O BIHAHHH HEKOTOPbIX MNapaMeTpoß Ha MPpolfecc

MONTYYEHMA llpocroro cynepbpocpara / Tp. TIIM. 1975. Ne377. C.35—40.

Summary: About the influence of some parameters on process reception of simple
superphosphate.

2:493. Tpyyca 10. A. Beüzgepma M. A. 3JaßozckHe MCMNbITaHHA MO MOJTYYEHHIO
cyrreppocpara c pumMeHeHKkeM NOBbIIEHHOH HOPMbI CEpHOÜ KHCJOTEI // llpoMm-CTb
MHHEPp. YAOÕpeHHKÜ k CepHOH KHCNOTEI. 1975. Ne 8.

2594" Tpyyca 10. A., Caap X. A., Beünepma M. A. McerneaoßaHke NOJ7YY4EHKYA ABOÜHONo

cyrephpocpara o KaMEpHO-NOTOYUHOH CXxeMe KH3 Maapgyckux bhpocbhopuros // Tp.
TIIM. 1976. Ne 397. C. 51—57. Summary: Production of double superphosphate by
combined method.
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241951 Aacamaa 9. 9., Beünepma M. A., Beckumaa X. H. McenezxoßaHke BJIUAHHA

TIpPpoKaJIMBaAHHA hocpopuToß Ha paCTBOpHMOCTb COEZHHEHHÜ MarHMA K >Kene3a NPU

CEpHOKHCIOTHOÜ sKCTpaKuuk // Tp. TIIM. 1977. Ne 418. C. 33-40. Summary: The

effect of caleination on the solubility of magnesium and iron constituents of

phosphorites in obtaining wet process phosphoric acid.

2::96; Aacamaa 9. 9., Beckumaa X. H., Beüxnepma M. A. HcenezoßaHke NorJy4yeHna

9KCTPaKIIMOHHON (pocpopHoK KHCIOTSBI M ABOHHOro cyrepbpochpara M 3
OGOxKEHHbIX pocpopuroß // Tp. TIIM. 1977. N+4lB. C.41—51. Summary:
Obtaining wet process phosphoric acid and double superphosphate using calcined

phosphate rock.

2197 Aacamaa 39. 9., Beüzxepma M. A. IloryuseHHye sKCTpakuuMoHHo hpocpopHok
KHCJJOTBI M JBOÜHOro cyrephpocpara *H3 PpocpopuTHblx KOHIIEHTPaTOB

MECTOpoxxaeHKkka Toornce // XUHM. rpom-ctb. 1978. Ne 3. C. 193—196.

2498! Aacamaa 9. 93., Beüzepma M. A., Peõake A. H. Ilonyusekye ammopoca H HUHTpo-

AMMOPOCKH H3 hPocpopuToß MecTOpoxxgekka Toorce // XuHmM. mpom-ctb. 1979.

No 12. C. 722—724.

299 Aacamaa 9. 9., Beüzepma M. A., PeõaHe A. Mcerezoßakke repepaõ6oTKku
pocpopuHToß MECTOporxgeHkka A3epu B ABoKHOK cyrepbhocobar // M3B. AH 9CCP.

Xumna. 1979. T. 28, Ne 3. C. 198—203. Summary: Investigation of obtaining double

superphosphate from Aseri phosphorite.

2.100. Aacamaa 9., Beüxnepma M., Peõake A. Hcenezoßakke rnor7yyekya hpocpopHoik
KHCJIOTbI H CJOXKHBbIX YAXOÕpeHKÜ KH3 PocpopuTOoß MECTOporxzgeHka A3epu // M3pß.

AH OCCP. Xumna. 1979. T.28, Ne 3. C. 204—209. Summary: Obtaining wet-

process phosphoric acid and complex fertilizers from Aseri phosphorite.

2.101. Peõake A. H., BurtTkoga H. 8., Beöüznepma M. A., lOcynoB T. C. Brmuanxne

MEXaHHUECKOH aAKTMBAIIHMH Ha peakIMOHHYIO CMOCOÕHOCTb MPHPOAHbIX hpocphparoß
lIpH MO-NYYEHMM ABOÜHOro cymepbocpara // XK. mpukr. xumku. 1980. Ne3.

C. 484—488.

2.102. Aacamaa 9. 9., Beünepma M. A., Kyazpagßuega E. H. McenezoßaHuke a3OTHO-

"KHCJOTHOFO pa3NO>XeHKA TOOJCeckoro pocpopura // Tp. TIIM. 1980. Ne 479.

C. 3—ll. Summary: Investigation of the decomposition of Toolse phosphorite by
nitric acid.

2.103. Beckumaa X. H., Beüzepma M. A., Aacamaa 9. 9., Kyycuk P. O. Mecenezopgakue
OÕ>*Hra H a3OTHOKHCJIOTHOFO pa3NOXMKEHHA OÕOMIKEHHbIX POCPOopuTOoB lecTOHCKOÜ

CCP // Tp. TIIM. 1980. Ne 479. C. 13—20. Summary: Studying the calcination and

acidulation ofcaleined Estonian phosphorites with nitric acid.

2.104. Aacama3 9., Beünepma M. CocrTaß H KHCJOTHaA NepepaõorTka hpochopura yuacrtka

Paragepe // M338. AH 9CCP. Xumna. 1982. T.31, Ne 3. C. 169—174. Summary:
Investigation of composition and acid treatment ofRägavere phosphorite.

2.105. Aacamaa 9. 9., Beüzepma M. A. Iloryuekye sKeCrpakumoHHkon hochpopkoü
KHCJOTbI M aAMMOPpOoca H3 TOOJICECKHX POoCcpPOpuTHbIX KOHIEHTPaTOB pa3sMUHOÜ
CTENeHH OÕOralmeHNHa // XUM. npom-crtb. 1982. Ne 7. C. 406—408.
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2. 106. Aacamaa 93., Beünepma M. Bruakue aoõaßKu Kkapõamula Ha a3OTHOKMCJIOTHO-

CyNbPaTHyIO NepepaÕoTKy NPMpozxHbix pocpharos // M3B. AH OCCP. Xumna. 1983.

T.32, Ne 1. C. I—7. Summary: Effect of the addition of urea on the nitric acid

sulphate treatment of rock phosphate.

2.107. Aacamaa 9., Beünepma M. OHeHka 39CTOHCKHX hbocpopuTHblX KOHUEHTPpaTOB Kak

CblpbA ZA KHCAOTHOÜ repepaõorku // M3B. AH 9CCP. Xumna. 1983. T. 32, No 4.

C. 242—245. Summary: Evaluation of Estonian phosphorite concentrates as raw

material for acidulation.

2.108. KyzpaguegaE. H., Aacamaa 9. 9., Beüzepma M. A. Bruakue cocraßa pochparTHoro
CbIPbA Ha €ro a3OTHOKMCJOTHYIO repepaõortKky // Tp. TIIM. 1983. Ne 542.

C. 11—23. Summary: Effect of the composition of phosphate rock on the nitric acid

processing.

2.109. Aacamaa 9. 9. llpumMeHeHHe perypa B MNpollecce a3OTHOKMCJOTHO-CYJbPaTHOro
pa37oo>xeHka bocparHoro cblpba // Tp. TIIM. 1983. Ne 542. C. 25—31. Summary:
Use of the recycle in the process of treating phosphate concentrates with nitric acid

and sulphate reagents.

2.110.. Buücumaa. JI. lIL.. Tpeybenmsar O. H. Mexpa3oßoe-- pacrpeaenekue

PpegKoseMelbHblX JJEMEHTOB MPH A3OTHOKMCJJOTHOM pa3JOOXEHKU PGPocpaTHOro
cblpba // Tp. TIIM. 1983. Ne 542. C. 33—38. Summary: The distribution ofrare earth

elements by phosphate rocks decomposition with nitric acid.

2.111. IlbmameM.2., Ibmame 100. X., Beüzepma M. A. O BXoxXAeEHHH HPO42' HOHOB B

CTpYyKTypy (bochparHoro MMHepana Mpu Ooõpaõgorke bhochpopura pfPochpopkoü
KHCJIOTOH // OK. HeopraH. xHMHH. 1984. T. 29, Bbiri. 10. C. 2530—2533.

2.112. Aacama39.9., Beünaepma M. A., Kyzpagßuepa E. H. A3OTHOKHCJOTHO-CYJbpaTHaaA
TrepepaÕoTka TOONCECKOro pocpopura // XHM. rpom-crtb. 1984. Ne 7. C. 406—408.

2.113. Aacamaa 9., Beüzepma M. A3OTHOKHCJOTHO-CyNbphparTHaa MepepaÕorTka
bpocphpopuroß Pakßepeckoro MecrTopoxzeHna // M33. AH SCCP. 1984. Xumwna.

T.33, Ne2. C. 73-—7 B. Summary: Nitric acid sulphate treatment of Rakvere

phosphorite.

21114 ° Kalmbioßee T Bb “KYYyGuHK P. ÖO BeuwrepMa M: A. PEIOaKoB B. II

llluHkapeHko C. 0., llloxnH B. H. OO>ur H ero 9fpbeKkTHBHOCTb MPH KHCJOTHOÜ

TlepepaõoTke PhPocpoputTa MECTOpoxxxaekka KokzkoH // KoMmekeHkoe HCNOJ3.

MHHEPp. Cblpba. 1985. Ne 7. C. 34—38.

2.115. Aacamas 9., Beüzepma M. Ilo7yueHke HHTpohpocku 43 pakßEepeCkuXx hochpopuToß
a3OTHOKHCJIOTHO-CYTbPaTHbIM criocobom // H3BB. AH SCCP. 1985. Xumna. T. 34,
Ne 3. C. 165—169. Summary: Obtaining nitrophoska from Rakvere phosphorite by
nitric acid-sulphate treatment.

2.116. Kyzpaguegßa E., Aacamaa 9., Beüzepma M. llorTepu a3OTHOÜ KHCJOTBI MPH a3OTHO-

CEpHOKHCJOTHOM pa3MNO>XEHKMH PpocparTHoro Cbipba // M3B. AH 9CCP. XumMmna.

1986. T.35, Ne 1. C. 1-6. Summary: HNO; losses in the process of decomposition
ofphosphate rock with a mixture of nitric and sulphuric acid.
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2.117. Aacamaa 9. 9., Beüzepma M. A. IlonyseHye xßoüHoro cyrepbocpara H

aMMOpoca H3 pa3HbIX THIIOB hocpoputa Pakßepeckoro MEecTOpoxzgeHna // Tp.
TIIM. 1986. Ne 619. C. 3—13. Summary: Receiving double superphosphate, wet

process phosphoric acid and ammonium phosphate from various types of Rakvere

phosphorite.

2.118. Buücnmaa JI. 11., Osere 10. K., Beüzepma M. A. YTHm3auuna propa rpk a3OTHO-

KHCJOTHOÜ Mepepa6oTke 93CTOHCKHX Ppocpopurogß // Tp. TIIM. 1986. Ne 619.

C. 15—22. Summary: Utilization of fluorine produced by processing the Estonian

phosphorite with HNOs.

2.119. Beckumaa X. H., Kyycuk P. O. llpumeHeHHke pocpon3BecTH AJA HEÜTparu3auuu
cyrleppocbara // Tp. TIIM. 1986. Ne6l9. C.23—28. Summary: Use of the

phospholime for neutralizing superphosphate.

2.120. Karsrßee T. b., Kyycuk P. 0., Becekumata X. H. OOXHr H ero BJIUHAHME Ha

KHCJIOTHYIO MepepagoTky pochpopunra EropbeßcKoro MecCTOpoxaekKna // Tp. TIIM.

1986. Ne6l9. C.29—38. Summary: The influence of the calcination of the

phosphate rock Yegoryevsk deposit for acid treatment.

2.121. Aacamaa 9., Beüzepma M. IloryueHre pa3Hblx Mapok HHTpohpocku n3
paKkßepeCcKkoro hpocpopUuTtTHoro KOHUEHTPaTaA C BbICOKHM COZEprxxaHHEM MarHMa //

M3B. AH 9CCP. Xumna. 1987. T. 36, Ne 1. C. 1-5. Summary: Obtaining nitrofoska

of different composition from Rakvere phosphorite with high magnesium content.

2.122. KyzpaguegßaE., Aacamaa 93., Beüzepma M. IloryueHkue HHTpopocku 13 9CTOHCKHX

PpocpopurToß a3OTHO-CEpHOKHCJOTHBIM Erroco6om // M3B. AH 9CCP. Xumna. 1987.

T.36, Ne 2. C. 93—97. Summary: Obtaining nitrophoska from Estonian phosphorites
Wwith a mixture of nitric and sulphuric acids.

2.123. Aacamaa 9. 9., Beünepma M. A. IloryueHkye sketTpakumoHHol bocpopHoü
KUCJIOTBI H aMMOpoca H3 OCHOBHbIX pa3HOBMAHOCTEÜ pochpoputra Kaõana //

TexHOJOrMA MUHEp. yno6peHkÜ k conek: Mexpßys3. c6. Hay4. Tp. / M. E. Ilo3ur,

pea. JI.: JITU, 1988. C. 34—41.

2.124. Viisimaa, L., Veiderma, M., Aarnio, P., Niinistö, L. Distribution and recovery of

rare earths from Estonian phosphorites during acidic decompositon // Symp. on

Inorg. and Anal. Chemistry, Lappeenranta, May 27, 1988 / P. Minkkinen, ed.

Lappeenranta University ofTechnology, 1988. P. 115—117.

2.125. Aacamaa 9., Caap B. O reHooõpa3oßaHKH MPH a3OTHOKMCJOTHOM Ppa3NOKXKEHUHU

pocpopuroß IlpuõanrtTuku // M338. AH 9CCP. Xumna. 1989. T.38, No 1. C. I—s.

Summary: Foaming in the decomposition of the Baltic phosphorites with nitric acid.

2.126. Kynpagßuega E., Aacamaa 9., Beüzxnepma M. KuHeruka pa3Jo>eHua
TIPMÕasJITHÜCKUX PocpPOopuTOß IMPU pa3NUUHbIX BapMaHTAX aA3OTHOKUCJOTHOÜ

riepepaõorku // M3pß. AH 9CCP. Xumna. 1989. T.38, Ne 2. C. 65—69. Summary:
Rate of decomposition of Baltic phosphorites in different variants of treating them

With nitric acid.

2.127. Aäacamaa 9., Caap B. O mrorepax HNO;s c ra3aMM IpuH a3OTHOKHCJIOTHOM

pa3oo>xeHuk hpocpopuroß llpuõ6anruku // M3B. AH 9CCP. Xumna. 1989. T.38,
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FAEIBBIIME M. 95 TT6riMme IÖ. X BeüagepMa MxAšzMreanK. POO

TEpMHUECKHX MPEBPALIEHUAX B CMECAX PTOpKkapÕoHaTarNIaTUTAa c pocpopHoü
KHCJIOTOH H lIMPUTOM. — C. 398—399.

3. 33. IV Hayt4. koHp. r0 aHasl. X4MX4H llpuõartTMÜCkux pecriyÕnuk, Bernopycekok CCP 1

KanmHHHrpaackoki o61.: Te3. aoksi. T7H., 1982. Hacrb 2.

— IbmamemM. 2., Ilbmzame 10. X. Pa3szenekkye H KOJMUECTBEHHOE ONpPene-

JIEHHE KOHAEHCUPOBAHHBbIX pocparoß. — C. 216.

3. 34. Conf. Int. de Chimie du Phosphore: Resumes. Abstracts. Nice (France), 1983.

— VNeiderma, M., Pyldme, M., Gladushko, V. Mechanism and kineties of

thermal dehydration of Ca(H»PO4y)»»H,»O and double superphosphate. —

Põster NÕ:IS:

3. 35. llepcrieKTHßbl pa3BHTHA NIPOM-CTH pocpopHblX YXOÕpeHKkÜ H CepHOÜ KUHCJOTBI 10 2000

roza: Te3. AOKJI. Ha OTPaCAEBOM COBEIIL. PAÕOTHUHKOB OCHOBHOH XHM. lIPOM-CTH,

BeropeueHck, 1983. M.: M3x-Bo HHYHDa, 1983.

— BeünepmaM.A., Aacamaa 9. 9., Buücumaa JI. 11. Oco6eHHocTH cocTaßa H

XUMHYECKOH repepaÕoTku (hochpoputToß Ocrokckoli CCP — HoßOro

KPpyTIHOro HCTOUHHKa pocparTHOro Cblpba.
— C. 63—64.

— Kanboßee T. b., Beckumaa X. H., Kyycuk P. O. OOxxur pocpopnuroß 1 ero

IPDPEKTUBHOCTE NPU KHCNIOTHOÜ riepepaborke. — C. 142—143.

— KyycunkP.O., TuHtTIIL A., CononaHkuHa H. JI., Hogukog B. B. Ilosyyenue

CEpHUCTOrO ra3a M M3BECTH lIPH BbICOKOTEMITEpaTYpHOH repepaÕorke

TlpupoakKoro rurica. — C. 247—248.

3..36. 27. Mexcnynäp. TEOJOrMUYecKHÜ KOHrNpecce. MexzyHap. MporpamMMa reolorkyeckod

koppenauuu. Ilpoekr 156 (Docpopurtsi): Te3s. zxoki. VII mexzyHap. kokp. M.:

Hayka, 1984.

=sMeiderma: M. A- - -Müustyigi, E. A:; /Puüra V. A: Rakvere — a new

phosphorite deposit in Estonian Soviet Republic. — P. 44—445.

— Beünzepma M. A., Mycröbiru 9. A., llyypa B. A. XapakTepucTHka HOBOro

Pakßepeckoro pochpopuHtToHocHoro pakoHa B OcrToHcKoü CCP. — C. 45—46.

3. 37. XV Hay'.-TeXH. KOHD. MONOZbIX CMEIMANUCTOB, NOCBALIEHHaa 65-7eTulo HUYUD:

Te3. noksl. M., 1984.

— Tpukkenb A. H., Kyycuk P. O. O. BoccraHoßJeHKUuk Cylbhpara Karbuka

BOAZAOpozZoM H MOHOOKCHAOM yrflepoza. — C. 51—52.
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3. 38. Pocparsi-84: Te3. noks. VI Bcec. koHp. no pochparam. Anma-Ara, 1984.

— Beünzepma M. A., Kuy6ogeu P. T., Uepekkoga 1. H., Ilbimzme M. 9,

TepeHrtbeß 9. 11. K Borpocy 0 CTpyKTYpHbIX MNpeßpallleHKAX aNaATMTOB TIpH

KHCJIOTHO-TEpMHYUECKOH OÕ6paborke. — Hactb 2. C. 373.

— Kamsßee T. b., Kyycnk P. 0., Beüznepma M. A. DH3HKO-XUHMHUYUECKHE

OCHOBbI HM YCJOBMA OGÕ>Hra POocpopuToß pa3HbiX MECTOpoxzeHuuü. —

TaCTB B 0 559

— Ilbmzame M. 9. HMcesezoßaHke MlaßKocTk Gocparoß Mpu MoMmMonuu

CKaHMHPpyIOLIIEro aJJEKTPOHHOFo MHKpocKorla. — Hactb 3. C. 559—560.

— IbmameM.2., Ilbmame 10. X., Yrcan K. P. BgaumMocßa3b MEXXIY XUMHKO-

MHHEparIorH4eCKHM COCTABOM H TEMllEpaTypoä Hauyaja MJABIEHYA

KapaTayckuHx pocpopurtosg. — Hacts 3. C. 560—561.

— Tllbmame 100. X., Xpageuu A. Omnpezenekkye (hocpaTHkoHoß METOAOM

lOTEHIIMOMETPMHUECKOrO THTPOBAHMA C lIPHMEHEHHEM MOHCEJTEKTMBHOTFO

9NEKTpona. — Hacts 3. C. 561—562.

— Ibmame M. 3., OüHapa M. 93., Beüxepma M. A. DH3UKO-XHMUUECKHE

IpeßpallleHKAa B rpaHYMMpoBaAHHOM JBOÜHOM CyrleppocpartTe MPpk KpaTKo-

BpeMeHHOM HarpeßaHHMH. — HacTb 3. C. 562—563.

3. 39. llpoõrteMbi MponH3BOACTBa 9KCTPaKUMOHHOH hpocpopHoOK KHCNJOTbI H OXPpaHa MPHPOABI:
Te3. XoKji. M-, 1985.

— Aacamaa9. 9., Beöxnepma M. A. IlonyyeHke 9keTpakuMoHHoli pocpopHoü
KHCJIOTbI H aAMMOPpoca H3 POCKOHIIEHTPaTOB PaKkßepeCKOro MECTOpoxeHNMA.

=0.51.

3. 40. XIII Bcec. Hay4. KOHDh. NO TEXHOJONHH HEOpraH. BEIIECTB H MHHEp. yzoõÕpeHHk: Te3.

AOK. Fopbkuü, 1985. Hacrb 2.

— Beüzgepma M. A., Aacamaa 9. 9., Buücnmaa JI. 11. Oco6eHHocTH

pocpoputToß PakßepecKkoro MECTOpoxzgeHka KakK Cblpba JJA KHCJOTHBIX

METOAOB MNepepaõorTku. — C. 97—98.

— KyycukP. 0., Tpukkenp A. H. BoccraHoßriekre pochorurica 20 cynbhbuza
KaJTbIIMA. — C. 98.

— KamsogeeT.B., Kyycuk P. 0., Psiõakog B. H., llluHkapekko C. D. OÕxur

H KHCJOTHaAA MEpepaÕoTka OGO*XKEHHbIX KapaTayCKMHX M UMJMCAÜCKHX

bpocpopuros. — C. 98—99.

— T»yiHeyaazy K. 0., Beüönepma M. A., Ilbimzame M. 93. Oco6eHHocCTH

PpocpopHo-KHCJOTHO-TEpMMUECKOH MepepaÕoTKkM KOBAOPpCKOro arNaTHUTA. —

C. 99—100.

— Becknmaa X. H., Kyycuk P. 0., Beöüxepma M. A. XapakrepucTHka H

YTMJIM3aIMA OTXOAOB aA3OTHO-KHCJIOTHO-CYNbhPaTHOH repepaÕorTKku phocpar-
HOFO Cblpbf. — C. 100—101.

— BuücnmaaJl. 11., Osere 10. K. Da3oßoe pacripeaenekue hpropa rpu a3OTHO-

KHCJIOTHOM pa3IO>KEHHH 3CTOHCKHX pocpopuroß. — C. 101—102.
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3. 41. IX Bcec. coßelll. no TEepMH4UecCKOMY aHaTIK3y, Yxropoa, 1985: Te3. noks. Kueeß, 1985.

— IbmameM.29., Ibmame 10. X., Yrcan K. P. Ö BIHAHHH yCJOBHÜ Harpeßa
Ha TEpPpMMUECKYIO AerMApaTallMiO AMFMApophpocparToß KaJbIUMA H MarHua. —

C. 70—71.

— Ibmzme M. 32., Payne Y. A. M3yuerkne rpouecca pocpopHoKHcIoTHO-

TEpMMUECKOH MNepepaÕoTKkH KOBAOPpCKOro aMaTMTA B MPOMBbIHIMEHHOCTH. —

C. 289—290.

3. 42. llpo6seMbi MCMNOJIb3OBAHMA ÕEAHONO H HETPAAMIMOHHOrO PpocpPaTHOro CLIPba AA

TIPOM3BOACTBAa YAOÕpeHMÜ: Te3. AOKI. Hay4.-TEXH. COBEIIL, r. KuHHrucerri, 1985. M.,
1985.

— Aacamama 9. 9., Beünepma M. A., Buücumaa JI. 11., Kyapaguegßa E. H.

lllony4eHHe HHTPpOhockHu HM3 POCKOHIIEHTPpaTa PakßepeCcKOro MECTO-

poxzeHuna. - C. 140—141.

— KamboßeeT.B., Beckumaa X. H., Kyycuk P. 0., Beüznepma M. A. OOXHT H

Ero JPPEKTUHBHOCTb B MPOLECCAX KHCJOTHOÜ MepepaÕoTku hPochpopurToß
pa3HbiX MECTOpoxxgeHui. — C. 142.

3. 43. Kaasaaegse ökoloogia probleemid: Rakendusökoloogia küsimusi Eestis: Vabar. 111

ökoloogiakonv. teesid. Tartu, 1985.

— Neiderma, M. Mineraalsete tööstusheitmete utiliseerimisest Eesti NSV-s. —

Lk. 53—54.

3. 44. X Int. Conf. on Phosphorus Chemistry: Abstracts of Posters. Bonn, FRG, 1986.

— Neiderma, M., Pyldme, M., Tynsuaadu, K., Utsal, K. Reaction mechanism in

the mixtures of caleium polyphosphate with apatite and accompanying
minerals on heating. — P. A-94.

3. 45. V Hay4u. koHp. no aHarl. xXHMHH llpuõantTkÜüeckux pecryõnuk, Benopycekok CCP «

KanuHuHHrpaackoki o61.: Te3. öksl. BusbHroc, 1986. T. 2.

— Kansiogee T. Bb., Tpireyaazy K.0., Beüzepma M. A. llpumeHeHke MeTOnoß

TEpMOrpaBHMeTpHH H TEPMOra3OTHTPMMETpHH ANA XaApaKkTEpUCTHKH

pocparHoro cblpba. — C. 227.

— Kyycunk P. 0., Tpukkenp A. H., Tapemaa 10. Y. M3yuenne cocrapßa H

CBOHcTB pocporurica € IpHMEHEHHEM KOMTIJTEKCa METOJOB HHCTPYMEHTAJIb-
HOFrOo aHaJsiM3a. — C. 238.

3. 46. CoßpeMeHHble llpoÕJeMbl XHM. TEXHOJIOTHM: PaCHIMpeHHbIe TE3. JOKII. BCec. KOHD.
T. 2: Hoßble HarlpaßMeHKA B KOMIITEKCHOH MepepaÕorTKe MUHEP. Cblpba. KpacHoapck,
1986.

— Beüznepma M. A. KommnekeHoe ocßoeHe (hocpopuro-csaHueßblix
MECTOpoxzeHkÜ OcTOHCKOH CCP. — C. 200—202.

— Bnuücumaa JI. 11., Aacamaa 9. 9., Kyzpaguega E. H. Yrusiu3auma hpropa u

PpegKO3eMETbHBIX 9JEMEHTOB — TPH = aA3OTHOKMCJIOTHOH = MepepaÕorke
9CTOHCKHX hpochpopurogß. — C. 240—41.
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3. 47. XVI Hayuy.-TeEXH. KOHD. MONOABIX CNEUMaNukCTOB, NOCBALLIEHHaA XXVII cpe3zy KIICC:

Te3. aokrl. M.: HHYHO, 1986.

— Kyzpagßuega E. H., Aacamaa 9. 9., Beüzepma M. A. Ilorepn HNO;s B

ra3oßylo (a3y MpH a3OTHO-CEpHOKHCJOTHOM Ppa3NOXKEHUU PochparTHoro
Cblpba. — C. 22—23.

3. 48. IV European Symp. on Therm. Analysis and Calorimetry: Workbook. Jena, GDR,
1987.

— Kaljuvee, T., Veiderma, M., Tynsuaadu, K., Vilbok, H. Physico-chemical
transformations during heating the phosphorites. — Suppl. Ip.

3. 49. Pocparsi — 87: Te3. AoKsl. Beec. koHh. TaukeHt: DakH, 1987.

— TlbmameM. 2., Ilbmame 110. X., Payzne Y. A., Yrcan K. P., Apyßarnm 2. 2.

OG6pa3oßaHMke TpMKkarbllMÜpocpara rpu pocpopHoKkHocroTHO-TEpMK'YeCKOÜ
TTEpepaÕoTKe KOBAOPpCKOro arNaTHTOBORro KOHIEHTparTa. — C. 594.

— IbmameM.»29., Apyßaru A. A., Yrcan K. P. Ö rpeßpamekuax CTpyKTYpbi

PHAPpokeHAapropariaTkTa Npk HarpeßaHKK .— C. 595.

— T»yiHceyaazy K. 0., Beüzepma M. A., Bump6ok X. O. Tepmunueckune
TlPeßpallleHHA B CMECAX NOJlMPochpara KasblHA C kapõoHaTAMN. — C. 596.

— Kansrßee T. 8., Teryeyaazy K. 0., Bunb6ok X. 0., Beüxepma M. A.

MccrezoßaHHe TEpMHUeCKMX IpeßpalleHkÜ B (hpochpoputTax METOAOM

TEpMOra3OTHTpHMETPpHMH. — C. 597.

3. 50. TexHoJl. MHHEpanorya hocparTHblXx pyz: Te3. AoKl. Bcec. coßeni., Jlioõepubi, 1987.

Uepkaccbl, 1987.

— Beüzepma M. A., Aacamaa 93. 9. JSaBHCHMOCTb TEXHOJONHUECKHX CBOÜCTB

PpocpopuToß OCTOHHH OT HX XHMHYUECKOFrO H MHMHEparbHOro COCTAaBa. —

63031

— Beünxepma M. A., Kuy6õogeu P. T., Karynpckrii E. A., Karbioßa T. 8.,
Muxaünoga T. I'., Xpauweß C. B. McenezoßaHkke ripoecca TEpMU4ecKOro
oGorameHka bhochpopuroß — Jxkxepoü-CapaapuHeckoro — MECTOpoxzeHka

Ppu3UUecKkKUMH METOJaMN. — C. 4748.

— HBaMe M-9° Yrcan K -P. Payne V. A. McenesoßaHuHe llpolecea

POCPOpHOKHCJIOTHO-TEpMHUECKOH MepepaÕoTKH KOBAOpCKOro aNaTHTA MO

KOJIHUECTBEHHOMY MHHEPpaTOrMYeCKOMY COCTABY CbIPbA H lIpoxyYKTOB

Harpeßa. — C. 77—79.

— Beünepma M. A., Kuy6ogeu P. T., TepeHtbee 9. 11., PTHeneHkopa B. T.,

TpriHecyaazy K.. O. BruMaHke MpuMecHbiX MHHEparoB Ha MPpeßpaleHkke

KOBAOPpCKOro arlaTHTa NIPH TEpPMHUECKOM BO3AEÜCTBHH. — C. 79—80.

— SAPYBaIn. 1. A. HBIAMe M: 9 SYrcan K P. O. HpHMeHeHkMH

peHTreHOpa3oßOro aHAaJIM3a AA MCCJEAOBAHMA MPeßpalleHMÄ aNaTUHTA NPpH

HarpeßaHHHM. — C. 101—102.

— IbmameM.2., YrcanK.P., Ilbimzame 10. X. KoumuecTßeHHoe onpegenekue
aNaTHTa B pyzax M B IMPOZYKTAX MX TEPMMUECKOH MepepadorTku. —

C. 103 104
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— IlbmameM.93., Kannagßyc Y. JI., Meünep B. JI. ONbIT pumMeHekka METOAOB

pacrpoßol H — llPpoCcßeuHßalollek SJEKTPOHHOÜ — MMKpoCcKOruu B

HCCEAOBAHHAX NIPHPOAHONO arlaTuTAa. — C. 106—107.

3. 51. llepcreKkTHßbl pacliMpeHMa accopTHMEHTA pocpopcozepxaumx yazoõpeHuk: Tes.

AOKI. Bcec. coßelll. M., 1987.

— Payxzgßanm 9. H., Aacamaa 9. 9. lloyseHke H arpoxuMH4ueckaa oOLeHKa

PpocpopHblx yXoÕpeHkÜ H3 9CTOHCKHX pocpopuroß. — C. 83—84.

3. 52. II koHb. MONOABIX YyYEHbIX XHM. pakyrbtTeToß PIIM « JITY: Tes. noksr. Pura: PIIM,
1987.

— Payxne Y. A. McenezoßaHke rpolecca hocpopHoKkkesoTHO-TEpMHUecCKoI
TEpepaÕoTKH KOBAOPpCKOFro arIaTUTA. — C. 78.

3. 53. Hoßble POpMbI, BHAbI, MOZMPHKaAUMH CEPbI H CepHOÜ MPogyKUMKM: Te3. JOKIT. BCec.

koHO., JIbBoB, 1988. Uepkaccbi, 1988.

— Kyycuk P. 0., Tpukkene A. H. McernezoßaHke MNpoueccoß perekepauuu

cepbi k 3 pocporurica. — C. 25—26.

3. 54. XIV Bcec. Hay4.-TEXH. KOHD. NO TEXHOJOFUH HeopraH.' BEIIIECTB H MHHEp. YyAXOÕpeHui:
Te3. noksi. JI:BopB, 1988.

— Kyzxpagßuega E. H., Aacamaa 9. 9., Beüzepma M. A. IlonyuyeHne
HHTpopocKkH 13 KuHrucermekoro pochpopura. — Hactp 1. C. 186.

— Beüzxepma M. A. Illpoõrembl ocgßoeHya llpmõarTkäekoro GacceüHa. —

TaerE 2C. 120: ;

— BeüznepmaM.A., Kyycuk P. 0., Karmbtoßee T. 8., Beckumaa X. H., JlJußuuu

M. M. Oco6eHHOCTH TEpMMUeCKOro OÕOrallleHHA PocpPOpuTtToß pa3JNUHbIX

MECTOpoxXAeHHkü. — Yactb 2. C. 121.

— IbmamemM. 2., Orceragen M. Y. O BIAHHH BOZAHOro MNapa Ha OÕechro-
PUHBaHHE KOBAOPpCKOro arNaTUHTAa NPM TEpMMUECKOH repepaõorTke.— Hacrt:b 2.

C 1221

— IbmamemM. 2., Paynxe Y. A., Yrcan K. P. OcoõeHHocTH MHTpallku hpropa
lIPH PocpopHOKHCIOTHO-TEpPMMHUECKOH NiepepaÕoTke KOBAOPpCKOro arIaTUTA.

— JacTE 2° (8° 123:

— Ilbmame O. X., Caapuk M. X. O6 oõecpropußaHKH KOBAOPpCKOro arlaTuUTAa

C ABOÜHBIM Cyrreppocparom ripk HarpeßaHKHM. — HacTb 2. C. 124.

3. 55. TeXHHKa MCEBAOOXMKMUKEHUA (KUNALIENO CJIOA) H MEPCNMEKTUBLI eÖ pa3BUTHA: Te3. AOKI.

BCEC. Hay4.-TEXH. KOHP., JJeHuHrpaa— Ilozzyõckaa, 1988. Hepkaccbi, 1988.

— Kyycuk P. 0., Beünepma M. A. HcenezoßaHke H MCIBITAHME MPOLLECCOB

TEpMOOÕpaÕoTKH CblIPbA H OTXOAOB hpocpaTHOÜ TEXHOJOMUH B KHNAHIEM

cnoe. — C. 3940.

3. 56. VII Bcec. coßelll. no PH3uKko-XUHM. aHarik3y: Te3. JOKTI. PBpyH3e: Mrium, 1988.

— Ibmame M. 2., Ilbmame 10. X., Yrcan K. P. Dasoßble ripeßpauekua
Ca(H,PO4)»»H»O u Mg(H,PO4s),»»2H»O rpu HarpeßaHHKH HX B CMECH C

arNaTHTOBbBIM KOHUEHTPpaTOM. — C. 607.
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— T»yiHeyaazy K. 0., Ilbizme M. 93., Beüznepma M. A. DH34Kko-XHMHYECKHÜ

aHAaJIM3 lIpPOLLeCCa KHCJOTHO-TEpMMUYUECKOH MrepepaÕoTKH — KOBAOPpCKOro

arlaTHTa. — C. 608.

3. 57. llpoõnembi reonoruu pocpopuroß: Te3. AoKA. H NyrTeßozuTenb VI pcec. coßelll. TIH.,
1988.

— Aacamaa 9. 9., Beüznepma M. A., 3agepraega T. H., Kyprega O. H.

OCHOBHbIE HarlpaßeHKMA TEXHOJOTMYECKOÜ IMiepepaÕoTkuU pPocpPOpPuTHBbIX
KOHIIEHTPaTOB MECTOpox eHKÜ llpuõartTuKku. — C. 51—52.

— BeünepmaM.A. Hay4uHo-TexHM4ecKHe H 9KOJIOTHUECKHE lIPOÕNJEMBI
OCBOEHHA POCPOPpuUTHLbIX MECTOporkxAeHKÜ OCTOHNMH. — C. 61—62.

3. 58. llpuMeHeHMe TEpMMUeCKOro aHaINM3a JJA HHTEHCHPHKAUMH TEXHOJI. llpoueccoß H

CO3ZAHMA MPOrpecckßHblX MaTEpMasloß: Te3. JOKJ. BegopyCccKoro pecri. Hay4y.-TEXH.
coßelll. MuHck, 1988.

— T»iHeyaaay K. 0., Buücumaa JI. 11. TepmuueckHu aHask3 HHTpopocKku. —

(7:68:

3. 59. Kaasaaegse ökoloogia probleemid. Ökoloogia ja ühiskond: Vabar. IV ökoloogiakonv.
teesid. Tartu, 1988.

— > Neiderma, M. Kõrgharidusega spetsialistide ettevalmistamisest keskkonna-

kaitse ja loodusvarade ratsionaalse kasutamise tehnoloogia alal. —

Lk. 161—163.

3. 60. 32nd lUPAC Congr.: Book ofabstracts. Stockholm, 1989.

— VNeiderma, M., Viisimaa, L. Trace chemistry in processing phosphate rock. —

P. 57. Abstract No. 2543.

3. 61. XI. Int. Conf. on Phosphorus Chemistry: Abstracts of Lectures. Tln., 1989.

— Neiderma, M., Kaljuvee, T., Knubovets, R., Põldme, M., Tõnsuaadu, K.

Thermal transformations in systems based on natural apatites. — Abstract

No. s—ll.

3. 62. XI. Int. Conf. on Phosphorus Chemistry: Abstracts of Posters. Tln., 1989. Vol. 2.

— Pyldme, M., Raude, U., Aruväli, J., Utsal, K. Decomposition mechanism of

hydroxyfluorapatite in phosphoric acid — thermal treatment. — Abstract

No. 5—24.

— Pyldme M. Pyldme, JA. Utsal, K. Fransfõrmation of caleium

dihydrogenphosphate in mixtures with apatite concentrate upon heating. —

Abstract No. 5—25.

— Tynsuaadu, K., Veiderma, M. Thermal dehydration of the mixture of

calcium dihydrogen phosphate and glauconite. — Abstract No. 5—26.

— > Viisimaa, L., Vilbok, H. Chemical interaction of copper sulfate with caleium

dihydrophosphate. — Abstract No. 5—29.
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3. 63. XIV MeHzeneeßcKkHä cbe3z rio oõmeü k Mpukraakod x4MKK: Pep. aoks. H ecoo6õtm. M.:

Hayxa; 1989::T: 1:

— Buücnmaa JI. lIL., BepesnH I. 1., Kyycnk P. O. IlonyueHne rpaHynm-

poßaHHoro cyrlephpocpara c noõaßKamMk Gopa H Mezu. — C. 328.

3. 64. DH3UHKO-XUM. OCHOBBI NEPpepaÕoTKU ÕEAHONO MPHPOAHONO CbIPbA H OTXOAOB NIPOM-CTH

TIpPH MNOJTYYEHHH >KAPOCTOÜKUX MaTEPpHasioß: Te3. Bcec. Hay4Y. KOHD. CbIKTbIBKap, 1989.

2%

— Kyycuk P. 0., Beperegckaa H. A. Docphpon3BecTb Kak BAXylee A

ABTOKJIABHbIX ÕETOHOB. — C. 83.

3. 65. llpoõrembi pallMoHaJTbHOro HCNOJTb3OBAHKA hocphpaTHOro CblpbAa H HHTEHCHPHKaLIHA
TEXHOJI. TIpoLLeCCoB: TE3. JOKI. coßelli. Hepkaccbi, 1989.

— Kynpagßuepßa E. H., Aacama3a 9. 9., Beüzxepma M. A. Oco6eHHOCTH a3OTHO-

KHCJIOTHOTFO pa3lo>xeHKA hpocpopuroß llpuõarntTuKku. — C. 44—45.

— Paynxe Y. A., Ilimzme M. 3. BlHuaHkke coezguHekHkd KpeMHHA Ha MNJIABKOCTb

HIMXT M 3 KOBAOPpCKOTro arIaTHuHTAa. — C. 53.

— Tpukkenmp A. H., Kyycnk P. O. MoznupuuupoßaHuke rpouecca MOJYYeHKA
CasS n 3 pocporurica. — C. 96—97.

3. 66. Finnish Chemical Congr., Helsinki, 1990: Abstracts // Kemia-Kemi. 1990. Vol. 17,
No. 10 B

— Kaljuvee, T., Kuusik, R., Vilbok, H. High temperature adsorption of sulphur
dioxide. — P. 993—994. Abstract No. 7. 42.

3. 67. Euroanalysis VII: European Conf. on Anal. Chem.: Book ofAbstracts. Vienna, Austria,
1990. Vel.'2.

— > Viisimaa, L., Tõnsuaadu, K. Differential-thermal analysis for estimating the

thermal stability of the NPK-fertilizers. — Abstract No. B 7 P-Fr-106.
3. 68. XI Bcec. CHMIIO3HYM NO MEXAHOXHMHH H MEXAHOIMHUCCHH TBEPALBIX TEI: Te3. AOKI.

UepHHroe, 1990. T. 2.

— BeüzgepmaM.a., Kyycuk P. 0., Kanptogee T. 8., KaHryp X. Ö, Jlupßumu M.

M. TepmoceriapauMoHHOoe OÕOrallleHHke KapõoHaTCOJ.Eprxalllkx hpocpopuroe.
— C. 167—168.

3. 69. DocparTHble MaATEpMasbi: Te3. AOKJI. BCeC. ceMMHapa. ANaTHMTEI, 1990.

— Beünzgepma M. A., TbiHeyaazy K. 0., Ilenga M. 9. Tepmuyeckue ripeßpa-
lIEHHA B PocpaT-CHJIHKATHBIX CHCTEMaX. — Hacrtb 1. C. 13.

— Payze Y. A., Ilmame M. 3., Ilbmzame 10. X. O6 ycßoaeMocT*K NPpozgyKTOß

TEpMHMUecKoIi repepaõoTku KoßAopcekoro arlaTuTa. — Tactb 2. C. 162.

3. 70. llepcrekTHßbl pa3BHTMA lIPOM3BOACTB CEpHOÜ KUCJOTBbI H POCcpPOpHBIX yno6peHuÜ 10

2000 roza: Te3. AOKJII. BCeC. OTPaCJeBOro COBelll., BockpeceHcK, 1990. M.: HHYUS,
1990.

— KyycnkP. 0., Kanptogee T. 8., Jußumuu M. M., Beüzgepma M. A. Tepmo-
cerapalHoHHOe oGooralmeHke pocpopurog Kaparay. — C. 18—19.
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3. 71. OKOJOTUUECKU UUHCTbIE TEXHOJIOTHH NOKPbITUÜ METAJIIOB, NPOÕNTEMA OÕEe3BPerKUBaAHHA
H YTMIIM3BALMH CTOKOB raJibBaHHYECKHX IMPOH3BOACTB: Te3. JOKII. BCeC. cCeMHHapa.

Ilepm», 1990.

— Buücumaa JI. lILI., Bunp6ok X. 0., Buücumaa M. D. Hcrorsp3oßaHkue

OTXOAOB TPaBMJIBHOrO pacTßOpa MPOM3BOACTBAa MEUaTHbIX MJAT B COCTABE

cyneppocpara. — C. 17—18.

3. 72. llepcrekTHßbl pa3BHTHA M HCITOJB3OBAHMA MHHEp. YZOÕpeHKHÜ C MHKpoaJIeMeHTAMNM:

Te3. AOKA. Hay4.-Nlpok3B. koHh. Kueß: M37-Bo YCXA, 1990.

— Bnuücumaa JI. IL. Burp6ok X. 0., Kyycuk P. 0., Buücnmaa M. O.

Ilo7yueHke OGoralmeHHOro MEAbIo Cyreppocpara C HCNOJb3OBAHKEM

OTpaÕoTaHHONo TPaBMJbHONO pacTßOpa. - C. 41.

— .BepeßHH I. I. BucuMaa JL I1 Kvyvegk P. .O. CmupHosa, L 8.,

BopoHoßa T. B. BBezeHke MHKpoaJeMeHTOB B CyrleppochpaT B yCJOBMAX

JNEÜCTBYyROLIEro MPoH3BOACTBa. — C. 42.

3. 73. Keemia põllumajandusele: Tead.-praktil. seminar: Ettek. teesid. Tln., 1990.

— Aasamäe, E., Kuusik, R., Veiderma, M. Kompleksväetiste tootmise

võimalustest Eestis. — Lk. 30—31.

3. 74. Int. Symp. on Inorg. Phosphate Materials *9l: Extended Abstracts. Tokyo, Japan, 1991.

— » Neiderma, M., Pyldme, M., Tynsuaadu, K., Knubovets, R. Search for natural

reagents for obtaining thermophosphates. — P. 16.

— Pyldme, M. Transformation of phases in hydrothermal sintering processing
of phosphate rock. — P. 62.

3. 75. Int. Congr. on Anal. Sci. (lUPAC ICAS'9I): Abstracts. Chiba, Japan, 1991.

— > Viisimaa, L., Veiderma, M., Hödrejärv, H. Trace elements in phosphate rock

and fertilizers. — P. 320. Abstract No. 2 P. 640.

3. 76. Finnish Chemical Congr.: Abstracts// Kemia-Kemi. 1991. Vol. 18, No. 10 B.

— > Trikkel, A., Kuusik, R. Thermal process for utilizing waste phosphogypsum.
—P. 970. Abstract No. 8. 38.

— -MWiiSimaa L. Hödrejäfv, H. Kuusik; R.,. Berežin; 6. Occurrence ofr heavy
metals in phosphate fertilizers and industrial wastes. — P. 970—971. Abstract

N0.ö.39.

3. 77. Energy and Environment 1991. Atlanta, Georgia, USA, 1991. (Int. Symp. on Energy
and Environment, Espoo, Finland, 1991).

—. Küusik R. -Kaljuvee, 1.. Jesorov. D. Maarend J Problems of

desulfurization of flue gases at Estonian and Baltic thermal power plants. —

P. 489.

3. 78. XV Bcec. KoH. r0 XHM. TEXHOJONHH HEOpraH. BenlecTß: Te3. aoksl. Ka3anb, 1991.

— Kyycuk P. 0., Beckumaa X. H., Kanptoßee T. b. TepmocerrapalrnoHHoe
o6oralmeHke pocpopuroß GacceüHa Kaparay. — C. 240.
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=0 JKJJTErOBEc' D B“KYYyGUK“ P. O Jloõõcaap OM. Parrp K I.

O6eccepuHßaHHe JAbIMOBEIX ra3oß CYXHM YJaBIMBaAHHKEeM SO, . - C. 241.

— BbepesuHT.[l., Aacamaa 93. 93., Buücumaa JI. 11. O Bo3MOXHOCTH NOJIYYEHHA

CJOXKHO-CMEIIIaAHHbIX YAOÕpeHMÄ Ha Õa3e THIOBOro CyrephpochparHoro
š TIpon3BOAcTBa. — C. 242.

3.79. Jle34uHTerpaTopHaa TEXHOJONHMA: Te3. noKsl. VIII Beec. cemuHapa. Kuee, 1991.

— Kyycuk P. 0., Kanbtogßee T. b., Beekumaa X. H. CorrocraßeHne croco6oß

H3MEJIBUEHHA KApPÕOHATCOAEpPxaIIIkx pocpopuHtToß Npu TEpmMocerlapauuu. —

C. 104—105.

3. 80. XII Int. Conf. on Phosphorus Chemistry. Toulouse, France, 1992.

—. VNeiderma, M., Tõnsuaadu;: K.. Knubovets, R.. Einard, M:, Peld, M.

Thermophosphates on the basis of apatite and aluminosilicates. — Abstracts

OLTEGtüures.“PE2O:

— Veiderma”M. Vilboök, H Knuboveitss R. Synthkesis and - thermal

transformations of Ca, Mg-carbonateapatite. — Abstracts ofPosters. P. 11-95.

— Tõnsuaadu, K., Veiderma, M: Composition and properties of the heating
products of caleium phosphate — aluminosilicate mixtures. — Abstracts of

Posters. P. 11-97.

3. 81. Kemia-93: Finnish Chemical Congr. and Exhib.: Abstracts. Helsinki, 1993.

— Kuusik, R., Kaljuvee, T., Trikkel, A., Veskimäe, H. Estonian lime containing
materials as sorbents for SO» removal. —P. 20—21. Abstract No. 3. 32.

— Kuusik, R., Kudrjavtseva, J. Water purification coagulant from a new raw

material — glauconite. — P. 22. Abstract No. 3. 40.

3. 82. Puhta vee seminar / Tampere Tehnikaülikool; TTÜ; Kemira OY Kemwater. Tln., 1993.

— Kuusik, R., Kudrjavtseva, J. Uus tooraine koagulandi tootmiseks? — Lk. 7.

3. 83. l]-st Int. Conf. on Meéhanochemistry: Book of Abstracts. Košice, Slovakia, 1993.

— w Kaljuvee, T., Kuusik, R., Veiderma, M. Mechanochemical method for

enrichment ofphosphorites. — P. Dl2.

3. 84. 14-th Nordic Symp. on Therm. Analysis and Calorimetry. Oslo, 1994.

— JTõnsüuaadu, K. Peld M.. Leskelä..T. Mannonen; .R., Niinistö; L.,
Veiderma, M. A thermoanalytical study of synthetic carbonate-containing

| apatites. — Abstract P-14.

3. 85. Kemia-94: Finnish Chemical Congr. and Exhib.: Abstracts. Helsinki, 1994.

— +«Kuusik, R. Viisimaa; L. Aasamäe, E. Liguid ecoagulant for water

purification from glauconite. — P. 36. Abstract No. 7. 35.

3. 86. 2-nd Int. Symp. and Exhib. on Environ. Contamination in Central and Eastern Europe:
Symp. Program. Budapest, Hungary, 1994.

— Kaljuvee, T., Kuusik, R., Veskimäe, H. Dry desulfurization of the flue gases
at oil shale thermal power plants. —P. 146. Abstract No. 361.
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— w Kuusik, R., Trikkel, A. Caleium sulphide from phosphogypsum. — P. 146.

Abstract No. 362.

3. 87. Transforming the Baltic Environment: Strategies and Policies: 5-th Int. Conf. on

Environment and Sustainable Development in the Baltic Region: Abstracts.

Stockholm: SEI, 1995.

— VNeiderma, M. Common Baltic energy system — a precondition for

sustainable development. — 1 p.

3. 88. XIII Int. Conf. on Phosphorus Chemistry: Abstracts. Jerusalem, Israel, 1995.

— Neiderma, M., Knubovets, R., Tõnsuaadu, K. Fluorhydroxyapatites of

Northern Europe and their thermal transformations. — P. 83.

— Peld, M., Tõnsuaadu, K., Veiderma, M. Synthesis and characterization ofNa

and Mg containing carbonatefluorapatites. — P. 96.

3. 89. XVI Eesti Keemiapäevad = 16th Estonian Chemistry Days: Teaduskonv. ettek.

referaadid = Abstracts of Sci. Conf. Tln., 1995.

— Kaljuvee, T., Trikkel, A., Kuusik, R. Põlevkivituhk vääveldioksiidi sidujana.
— Lk. 37.

— w Kaljuvee, T., Trikkel, A., Kuusik, R. Oil shale ashes as sorbent for SO,

binding. — P. 38—39.

— »Kuusik, R. Mõnede eesti maavarade uutest kasutusvõimalustest. — Lk. 61—62.

— » Kuusik, R. New possibilities to utilize some Estonian mineral resources. —

P. 63—64.

— > NVeiderma, M. Põhja-Lõuna gaasimagistraali projekt. — Lk. 151.

— > VNeiderma, M. A North-South gas pipeline project. — P. 152.

3. 90. 2-nd Int. Symp. on Inorg. Phosphate Materials °*96: Book ofAbstracts. Nagoya, 1996.

— Tõnsuaadu, K., Peld, M., Veiderma, M. Synthesis of Mg and Na containing
carbonate fluorapatites and their use for removal of Cd** and Mn** ions from

solutions. — P. 38.

3. 91. The French-Israel Workshop on Apatites and Lasers: Sci. Program and Workshop
Abstracts. Jerusalem, Israel, 1996.

— °Tõnsuaadu, K., Peld, M., Veiderma, M., Koel, M., Bender, V. Thermal

stability ofsynthesized carbonate apatites. — 1 p.

3. 92. XVII Eesti Keemiapäevad = 17th Estonian Chemistry Days: Teaduskonv. ettek.

referaadid = Abstracts of Sci. Conf. Tartu, 1996.

— Tõnsuaadu, K., Peld, M., Veiderma, M., Bender, V. Cd** ja Mn** sidumine

vesilahustest sünteetiliste fluorkarbonaatapatiitidega. — Lk. 215.

— Tõnsuaadu, K., Peld, M., Veiderma, M., Bender, V. Removal of Cd** and
Mn** ions from agueous solutions by fluorcarbonateapatites. — P. 216.

— Neiderma, -M:; . Knubovets, sR, - Tõnsüaadü,. + K.. Põhja-Euroopa
fluorhüdroksüapatiidid. — Lk. 223
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— VNeiderma, M., Knubovets, R., Tõnsuaadu, K. Fluorhydroxyapatites of

Northern Europe. — P. 224.

— Kuusik, R., Viisimaa, L., Aasamäe, E. Koagulandi saamine glaukoniidist. —

Lk. 89.

— Kuusik, R., Viisimaa, L., Aasamäe, E. Obtaining coagulant from glauconite.
— Lk. 90.

— Trikkel, A., Kaljuvee, T., Kuusik, R. Põlevkivituhkade reaktsioonivõime

vääveldioksiidiga. — Lk. 209.

— Trikkel, A., Kaljuvee, T., Kuusik, R. Reactivity of oil shale ashes towards

sulphur dioxide. — P. 210.

3. 93. 3rd Int. Symp. and Exhib. on Environ. Contamination in Central and Eastern Europe:
Symp. Program. Warsaw, Poland, 1996.

— > Kaljuvee, T., Kuusik, R., Trikkel, A. SO, binding during co-combustion of

fossil fuels. -P. 105. Abstract No. 223.

3. 94. 15th Nordic Symp. for Therm. Analysis and Calorimetry, Helsinki, Finland, 1996:

Programme. Extended Abstracts. Espoo, 1996.

— > Trikkel, A., Kuusik, R., Kaljuvee, T. Using thermogravimetry to determine

the SO, binding ability of different caleium-based sorbents. — Abstract

No. PIO 2 p.).

3. 95. Läänemerijatema keskkond: ESTO-96 kaksiksümpoosion. Tln.: SEI, 1996.

— Trikkel, A., Kaljuvee, T., Kuusik, R. SO» sidumine põlevkivi ja tema

poolkoksi segude põletamisel. — 1 p.

3. 96. The Baltic Sea and its Environment: ESTO-96 Twin Symp. Tln.: SEI, 1996.

— Trikkel, A., Kaljuvee, T., Kuusik, R. SO» binding at the combustion of oil

shale in the mixture with semicoke. — 1 p.

3. 97. Kemia-97: Finnish Chemical Congr. and Exhib.: Abstracts. Helsinki, 1997.

— Trikkel, A., Aasa, P., Kuusik, R. Calcination of Estonian calcareous rocks —

P. 15. Abstract No. 3. PB.

3. 98. XXIII Eesti Keemiapäevad: Teaduskonv. ettek. referaadid. Tln., 1997.

— Kaljuvee, T., Kuusik, R. Vääveldioksiidi emissioon tahkkütuste

termooksüdatsioonil. — Lk. 42.

— Kuusik, R., Kaljuvee, T., Trikkel, A. Põlevkivituha korduvkasutamine SO»,
sorbendina. — Lk. 59.

— Peld, M., Tõnsuaadu, K., Veiderma, M., Koel, M., Bender, V. Muutused

karbonaatapatiitide struktuuris kuumutamisel. — Lk. 102.

— Trikkel, A., Aasa, P., Kuusik, R. Eesti karbonaatsete kivimite võrdlev

termiline analüüs. — Lk. 143.

— VNiisimaa, L., Kuusik, R. Faaside lahutamine glaukoniidi happelisel
töötlemisel. — Lk. 158.
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2. 99. 23rd Estonian Chemistry Days: Abstracts ofSci. Conf. Tln., 1997.

— Kaljuvee T. Kuusik, R. The Cmisstioõn* o Sülphür dioxide during
thermooxidation of solid fossil fuels. — P. 47.

— Küusik, R., Kaljuvee, T. Trikkel, A= Recüurrent üse of oil shale ash as

sorbent for SO, removal. — P. 65.

— Peld, M., Tõnsuaadu, K., Veiderma, M., Koel, M., Bender, V. Changes in

the structureof carbonate apatite on caleination. — P. 112.

— Trikkel, A., Aasa, P., Kuusik, R. Comparative thermal analysis of Estonian

carbonaceous rocks. — P. 155.

— Viisimaa, L., Kuusik, R. Separation of phases by acidic treatment of

glauconite. — P. 166.

3. 100. HTC 5: Fifth Int. Symp. on Hyphenated Technigues in Chromatography and

Hyphenated Chromatographic Analyzers: Book ofAbstracts. Brugge, Belgium, 1998.

— Kudrjasliova, M: Tõösüaadu, K.. Kõel M Võiderma M:

Thermochromatography for evolved gas analysis of apatite materials. —

P: FO7:

3. 101. XIV Int. Conf. on Phosphorus Chemistry: Meeting Program and Abstracts. Cincinnati,

Ohio, 1998.

— « Knubovets, R., Veiderma, M., Tõnsuaadu, K. Application of peak fitting
program “Galactic” for FTIR-analysis of OH-ions in natural and synthetic
apatites. — P. P278.

— Tõnsuaadu, K., Peld, M., Veiderma, M. Synergistic effects of fluorine and

carbonate on Cd** binding properties of apatites. — P. P279.

3. 102. First Int. Conf. on Inorg. Materials, Versailles, France, 1998: Programme and

Abstracts. Elsevier Sci., 1998.

—- Tõnsuaadu; K., Peld, M., Veiderma, M.; Bender, V. Synthetic cation and

anion substituted apatites as sorbents for Cd** in solutions. —P. P45.

3. 103. ESTAC 7: 7th European Symp. on Therm. Analysis and Calorimetry: Book of

Abstracts. Balatonfüred, Hungary, 1998.

— Tõnsuaadu, K., Peldd M., Bender, V., Veiderma, M. The effect of

substitutions in the structure of apatite on the sulphur oxide binding at

calcination. — P. 151:

— Kaljuvee, T., Kuusik, R. The emission of sulphur dioxide during thermal

treatmentof some fossil fuels. — P. 306.

— > Trikkel, A., Aasa, P., Kuusik, R. Sulphation of Estonian calcareous rocks. —

P.324:

3. 104. 4th Int. Symp. and Exhib. on Environ. Contamination in Central and Eastern Europe:
Symposium Program. Warsaw, 1998.

ri Kuusik, Rs,. Ründougin., +, Kaljuvee >T.. Alfimov.;:G., Jegorev, D.

Maarend, J. Flue gas desulphurization at oil shale fired plants. — P. 136.

Abstract No. 272.
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3. 105. 24th Estonian Chemistry Days: 4Abstracts ofSci. Conf. Tartu, 1998.

— Kaljuvee, T., Kuusik, R. SO, binding by co-combustion of oil shale and

coal. —P. 26.

— Peld, M., Tõnsuaadu, K., Bender, V., Veiderma, M. Removal of cadmium

from agueous solutions by sorption on natural apatites. — P. 56.

3. 106. 3rd Int. Symp. on Inorg. Phosphate Materials: Book ofAbstracts. Villeneuve d*Ascg,
France, 1999.

— Kaljuvee, T., Kuusik, R., Veiderma, M. Physico-chemical transformations

during thermal treatment of phosphorites and solubility of products. —

Abstract No. P. 2. 17.

— Peld, M., Tõnsuaadu, K., Veiderma, M. Simultaneous sorption of Cd and Zn

ions synthetic apatites from agueous solutions. — Abstract No. P. 2. 19.

— VNeiderma, M., Tõnsuaadu, K., Peld, M., Bender, V. Thermal interactions

between apatites and SO»,. — Abstract No. 0.2.10.

3. 107. 15th Int. Conf. on Fluidized Bed Combustion: General Conf. Informations, Agenda,
and Abstracts. Savannah, Georgia, 1999.

— Trikkel, A., Kuusik, R., Zevenhoven, R. Estonian calcareous rocks as SO»
sorbents in AFBC and PFBC conditions. —P. FBC 99-0032.

3. 108. First Int. Conf. on Hydroxyapatite and Related Products: Final Programme
[Abstracts]. Lyon, France, 1999.

— -«Tõnsuaadu, K., Peld, M.; Bender, V., Veiderma, M. The effect of

substitutions on Cd** sorption capacity of apatites. — 1 p.

3. 109. XXV Eesti Keemiapäevad = 25th Estonian Chemistry Days: Teaduskonv. ettek.

referaadid = Abstracts of Sci. Conf. Tln., 1999.

— Tõnsuaadu, K., Peld, M., Bender, V., Mikli, V. Sulfaatapatiitide koostis ja
omadused. — Lk. 182.

— Tõnsuaadu, K., Peld,p M., Bender, V., Mikli, V. Characterization of

sulfoapatites. — P. 183.

— VNeiderma, M., Tõnsuaadu, K., Bender, V. Termilised reaktsioonid apatiidi ja
SO» vahel — Lk. 191.

— Neiderma, M., Tõnsuaadu, K., Bender, V. Thermal interactions between

apatites and SO»,. — P. 192.

3. 110. 12th Int. Congr. on Therm. Analysis and Calorimetry: Programme and Abstracts.

Copenhagen, Denmark, 2000.

=- Tõnsuaadu; K: Koel,; M. »Veiderma,: M. Thermal” analysis with

determination of the evolved gases of Israel phosphorites. — P. 206.

— Kaljuvee, T., Trikkel, A., Kuusik, R. Decarbonization of natural lime-

containing materials and reactivity of caleinated products towards SO» and

CO». -P. 344.
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3. 111. S-th Int. Symp. and Exhib. on Environ. Contamination in Central and-Eastern Europe:
Symp. Program. Prague, Czech Republic, 2000.

— Kuusik, R., Veskimäe, H., Kaljuvee, T., Keltman, A. Oil shale ash deposits
as natural CO», binders. — P. 155. Abstract No. 346.

3. 112. XXVI Eesti Keemiapäevad = 26th Estonian Chemistry Days: Teaduskonv. ettek.

referaadid = Abstractsof Sci. Conf. Tallinn, 2000.

— Kaljuvee, T., Kulp, 1., Kuusik, R. Eesti lubjakivid ja dolomiidid happeliste
ühendite sorbentidena. — Lk. 51.

— > Kaljuvee, T., Kulp, 1., Kuusik, R. Characterization of Estonian limestone and

dolomites as sorbents towards acidic compounds. — P. 52.

— Kuusik;- R., Neskimäe, H:, -Kaljuvee, - T.- Süsihappegaasi sidumine

põlevkivituhaga looduslikes tingimustes. — Lk. 73.

— > Kuusik, R., Veskimäe, H., Kaljuvee, T. Carbon dioxide binding by oil shale

ash at field conditions. — P. 73

— Manuilova, A., Tõnsuaadu, K. Temperatuuri mõju tasakaalule süsteemis

apatiit — SO» (termodünaamilised arvutused). — Lk. 83.

— Manuilova, A., Tõnsuaadu, K. Effect of temperature on the eguilibrium in

system apatite — SO» (thermodynamical calculations). —P. 84.

3. 113. XV Int. Conf. on Phosphorus Chemistry (ICPC 15): Program and Abstracts. Sendai,
Japan, 2001.

— Tõnsuaadu, K., Peld, M., Ouarton, M., Bender, V., Veiderma, M. Studies on

SÕi incorporation into apatite structure. —P. 89. Abstract No. A43.

— Peld, M., Tõnsuaadu, K., Bender, V. Natural and synthetic apatites as

sorbents for Cd** ions from agueous solutions. — P.225. Abstract

No. PBIO9.

3. 114. 1-st Int. Conf. on advanced Vibrational Spectroscopy: ICAVS-1, Turku, Finland,

Aug. 12-24, 2001: Book ofAbstracts and Program.

— Tõnsuaadu, K., Villain, F., Peld,B M., Gruselle, M. FTIR and Raman

spectroscopic studies of sulphate substituted apatites. — P. P8.93.

3. 115. 1-st Int. Congr. on Petroleum Contaminated Soils, Sediments and Water: Abstract and

Directory. London, U.K., 2001.

— Kuusik, R., Kaljuvee, T., Trikkel, A. Mitigation of negative environmental

impact of semicoke. — P. 27.

3. 116. Chemistry 2001: Sth National Lithuanian Conf.: Abstracts. Vilnius, 2001.

— > Manuilova, A., Tõnsuaäadu, K. Reactions in a system apatite — SO». — P. 93.

3. 117. Bth European Conf. on Solid State Chem. and Satellite meetings: Functional

Perovskite-Related Oxides; Hydrogen Storage Materials: Program. Oslo, 2001. Part 11.

— Kaljuvee, T., Kuusik, R., Trikkel, A., Bender, V. Binding of acidic gaseous

compounds into the solid phase during combustion of oil shale. —

Abstract PllO.
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3. 118. First Baltic Symp. on Environ. Chem.: Abstracts. Tartu, Estonia, 2001.

— Kaljuvee, T., Trikkel, A., Kulp, 1., Kuusik, R. Reactivity ofoil shale ashes in

SO» and CO» binding. — P. 52—53.

— Kuusik, R., Kaljuvee, T., Trikkel, A., Maljukova, N. Behavior of sulfur

compounds at thermooxydation of fuel mixtures containing oil shale semi-

coke. -P. 55—56.

— > Peld, M., Tõnsuaadu, K., Bender, V. Sorption of Cd(ID), Cr(IIl) and AI(III)
ions on apatite from agueous solutions. — P. 137.

3. 119. XXVII Eesti Keemiapäevad = 27th Estonian Chemistry Days: Teaduskonv. ettek.

referaadid = Abstractsof Sci. Conf. Tln., 2001.

— Kulp, ]I., Kaljuvee, T., Kuusik, R. Eesti Elektrijaama tuhad vääveldioksiidi
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Lühendid — Abbreviations — CokpalwyeHna

Acad.

anal.

bull.

cal.

chem.

chromatogr.
cl.

congr.

ed.

ENSV,

Eesti NSV

environ.

ESSR

ettek.

exhib.

fert.

Hrsg.

inorg.
int.

J.

Jg.
kd.

konv.

koost.

Ik.

metall.

miner.

no.

NSVL

obl.

1)

phosphor.

praktil.
proc.

ref.

res.

Academy

analytical
bulletin

calorimetry

chemistry

chromatography
class, classification

congress

editor

Eesti Nõukogude
Sotsialistlik

Vabariik

environmental

Estonian Soviet

Socialist Republic
ettekanded

exhibition

fertilizer

Herausgeber

inorganic(al)
international

journal

Jahrgang
köide

konverents

koostaja

lehekülg

metallurgy
mineral.

number

Nõukogude
Sotsialistlike

Vabariikide Liit

oblast, ala

page

'phosphorus
praktiline

proceedings

reference

research

akadeemia

analüütiline

bülletään

kalorimeetria

keemia

kromatograafia
klass, liigitamine

kongress

toimetaja
ESSR

keskkonna

ENSV

papers, lectures

näitus

väetis

toimetaja

anorgaaniline
rahvusvaheline

ajakiri
aastakäik

volume

conference

compiler; author

page

metallurgia
mineraalne

number, nr

USSR

district, field

lehekülg
fosfor

practical

toimetised,
ettekanded

viide

uurimine

akageM“Ha

aHaNKUHTUUECKUÜ

6ronneTekb

KartopuMeTpua

XUMUA

XpoMarTorpaYpna

kriacc, krmacckdpuKkaLMA

KOHrpecc

pegakrop

I9EEP

OKpy>arLuyeül cpedbl

JEEP

Aoknadbl

BblCTaßka

yooõpeHkue

pegakKrop

HEOpraHM4UeCKUÜ

MeX*AYyHapoDHblÜ

*ypHar

rogoBOM KOMNNEKT

TOM

KOHpPepeHLIMHA
COCTaBUTEJb

CTpaHuLja

MeTanNyprua

MUHeparlbHbl

HOMep, Ne

CCEEP

OÕNlacTb

CTpaHuLja

pocpop

NPpaKkTHUecCKUHÜ
U3BECTHA, AOkNadbi

CCbllka

ucoenegoßaHkke
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S

Scand.

SCi:

SSR

suppl.
Symp.

tead.

techn.

TI:

Toim.

toxiceol:

Trans.

USA

USSR

vabar.

vol.

Seite

Scandinavian

science, scientific

Soviet Socialist

Republic

supplement

symposium
teaduslik

technical

Tallinn

Toimetised

toxicological
Transactions

the United States

of America

Union of Soviet

Socialist Republics
vabariiklik

volume

lehekülg
Skandinaavia

teadus, teaduslik

NSVYV, Nõukogude
Sotsialistlik Vabariik

lisa

sümpoosion
scientific

tehn., tehniline

Tallinn

Transactions,

Proceedings

toksikoloogiline
Toimetised

Ameerika Ühendriigid

NSVL

republic
köide

CTpaHuLa-
CkaHgUHaBCKUÜ

Hayka, Hay4Hblü

CCP, Coßerckaa

CoLyManrimcrTu4yeckaa

Pecny6nuka

NMNPUNO*EeHKE

CUMNNO3UHYM

Hay'4HblÜ
TEXHUUECKUÜ

Tannukk

Tpygb!

TOKCHKONOFHUECKUHÜ

Tpygob!, A3BecrtTua

CUJA, CoeoguHäkHble
LiTaTbl AMepuKku
CEGP

pecnyOnrimkaHCkuUÜ
TOM

Asutuste lühendid — List of institutions — CokpauwyeHuHnA y4pexxgeHkuniu

ASME — American Society of Mechanical Engineers
DECHEMA — Deutsche Gesellschaft für Chemisches Apparatewesen
lAEE — Int. Association for Energy Economics

lUAPPA — Int. Union of Air Pollution Prevention and Environ. Protection Associations

lUPAC — Int. Union of Pure and Applied Chem.

MN — Ministrite Nõukogu
SEI — Stockholm Environment Institute

TA — Teaduste Akadeemia — Academy of Sciences — AkageM"a HayK

TPI — Tallinna Polütehniline Instituut — Tallinn Polytechnical Institute — TITU

TRÜ — Tartu Riiklik Ülikool — Tartu State University — TapTyckuü roc. yH-T

TTU — Tallinn Technical University - TTÜ - TTY

TTÜ — Tallinna Tehnikaülikool - TTU - TTY
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CokpalwyeHnaA — Lühendid — Abbreviations

AE:

aBT.

aßToOpe(p.
B. 1.

aHan.

Bcec.

Bbil.

[

roC.

AMC.

AOKn.

.

3aABII.

M3B.

130-BO

UH3O6peT.
UM.

UH-T

UHO.
KCNoNb3.

KHCconeag.

KaHA.

KOHOp.
-

M.

MEXBYy3.

MexAyHap.

MUHEP.

MKU

Ne

Hay'y.

HeOpraH.

HET.
o6n.

aßTOpckoe

CBUAETENbCTBO

aBTOp

aßTopepepart
BronnetTekb

4306petTeHNi
aHaNNHTUHUECKUÜ

Bcecoto3Hbli

BbINYCK

rod; Fopoa

FrocyXapcTßEeHHbl
AUCcepraLUyua

Aoknaa

*ypHarn

3aABNEHKUE

W3BecTtTuaA

130DaTENbCTBO

u3o6pereHue
UMEHU

UHCTUTYT

UHHPOpPpMaLIUA
HcNorlb3oßakuUe

KHcoenegoßa-

TENbCKUHÜ

KaHAMAAaT

KOHPepeHLUMUA

JNeHuHrpaa
Mockßa

MEXBY3OBCKUHÜ

MexOyHapooHbli

MUHeparlbHbli

MexayHap.

KMaccHpPUKaLIMA

H3o6per.

HOMep

Hay4HblÜ

HeOpraHM4UeCKUÜ

HEPTAHOÜ
o6nactb

autoritunnistus

autor

autoreferaat

patendibülletään

analüütiline

Üleliiduline

väljaanne, vihik

aasta; linn

riiklik

dissertatsioon, väitekiri

ettekanne

ajakiri
avaldus

Toimetised

kirjastus

leiutis

nimeline

instituut

informatsioon, teave

kasutamine

uUurimis-

kandidaat

konverents

Leningrad
Moskva

ülikoolidevaheline

rahvusvaheline

mineraal-, mineraalne

rahvusvaheline

patendi-
klassifikatsioon

number

teaduslik

anorgaaniline
nafta-

ala, valdkond

patent

author

abstract of own thesis

patent bulletin

analytical
all-Union

issue, part

year; town

state, public
thesis

paper, lecture

journal

application
Transactions

publisher, publishing
house

invention

of the name of

institute

information

use, Uutilization

research

candidate

conference

Leningrad
Moscow

inter-university
international

mineral

nC €|:

number

scientific

inorganic
oil

district, region; field,

sphere
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OTB.

ony6n.
NONIMTEXH.

NPUKA.

NPOM3B.

NPOM-CTb

npooW.

pea.

pes3.

pecn.

pecp.
E:

C6:

cep.

COBELLL.

COOGÕLL.

CCCP

CTYA.

.

Te3.

TEXH.

TEXHON.

TAH.

TP.

YH-T

XUM.

9KOHOM.

JGEP,
GerT GEP

OTBETCTBEHHBbIÜ

ONYONUkoBaHo
NOMUTEXHUUECKUÜ

NPHkMagHOÜ

NPOH3BOACTBEHHbIÜA
MNPOMbILIMEHHOCTb

rpobeccop

pegakrop

pe3iome

pecnyOnrukaHCkUÜ

pepepar
CTpaHuLja

C6OpHUK

Cepua

coßelljaHMe

coo6uwekHkue

Coto3 CoBeTCKUX

CoLyynanrimcrTuyecKkux

Pecny6nuk

CTYDAeHUEeCKUÜ
TOM

TE3MUCbI

TEXHUUECKUÜ

TEXHONOMYYUECKUÜ

Tannuksk

TPYAOb!

YHUBEpcCuUTET

XUMMNUECKUÜ

9KOHOMUUECKUÜ

OICTOHCKaA

Coßerckaa

CoLymanucruyeckaa

Pecny6nmuka

vastutav

avaldatud

polütehniline
rakenduslik

tootmise; tööstuslik

tööstus

professor

toimetaja
kokkuvõte

vabariiklik

kokkuvõte

lehekülg

kogumik
seeria

nõupidamine
teade; Teataja
NSVL

üliõpilaste
köide

teesid

tehniline

tehnoloogiline
Tallinn

toimetised

ülikool

keemia, keemiline

majanduslik
ENSV

responsible

published

polytechnic

applied
industrial

industry

professor
editor

summary, abstract

republican

report, abstract

page

collected works, set

series

meeting, discussion

announcement; report

USSR

student

volume

abstracts

technical

technological
Tallinn

transactions

university
chemical

economic

ESSR
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CokpalwyeHMA y4pexgeHnkii — Asutuste lühendid — List of institutions

AH — AkageMna Hayk — Teaduste Akadeemia — Academy of Sciences

BUHMUTH — Bcec. uH-T Hay4. W TEXH. HHp. - M.

BHUNICM - Bcec. Hay4.-uceneg. UH-T Hay4.-TEXH. HHP. W 3IKOHOMUKU NPOM-CTU

CTPpoOMHTENbHbIX MaTepkHarioB. — M.

By3. — Bblclllee yyeGHoe 3aBegeHkue — kõrgkool
NY — NeHkuHrpaackuÜ roc. YH-T

MeHHUMUFunpoxum - MeHuHrpaackuÜ roc. Hay4.-Hcocneg. Y NPOEKTHbIA HH-T OCHOBHOÜ

XUM. MNPOM-CTU

JITMU — MeHuHrpaackuü TEXHONI. UH-T UM. leHkcoBerTa

MXTHM — MockoBcKuÜü XUM.-TEXHON. HH-T HM. D. A. MekHgeneeeBa
HUUTSXUM — Hayyu.-nceneg. HH-T TEXHKHKO-9KOHOM. HCCrlegoBaHMÜ XUM. NPOM-CTKH. - M
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