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Въведение

В съответствие със своята мисия и предмет на дейност Институтът по 
минералогия и кристалография „Акад. Иван Костов“ (ИМК) през 2012 г. про-
дължи да допринася за устойчивото развитие на обществото и обогатяване-
то на човешките познания в областта на минералогията, кристалографията 
и минералните суровини чрез задълбочени мултидисциплинарни изслед-
вания на природни, техногенни и експериментално моделирани минерални 
системи и синтезирани нови материали.

Институтът продължава убедително да защитава пред научната общ-
ност и пред нашето общество извоюваната висока международна оценка 
(А/А/А) за дейността си и да доказва своята конкурентоспособност в сфе-
рата на научните си приоритети и области на компетентност. В навечерието 
на 30-годишния юбилей от създаването на самостоятелно научно звено на 
БАН по проблемите на минералогията, кристалографията и минералните 
суровини, днес ИМК е сред водещите академични организации в страната.

През 2012 г. учените от ИМК положиха значителни усилия за успешната 
реализация на изследователските проекти и представянето на основните 
резултати от тях в реномирани международни списания и на престижни на-
учни конференции. Продължи да се развива и разширява сътрудничеството 
ни с наши и чуждестранни партньори от науката и бизнеса, продължи да се 
обновява и поддържа в изправност изследователската ни инфраструктура. 
Нараства интересът у младите хора да предпочетат обучението по пред-
лаганата от института докторска програма по „Минералогия и кристалогра-
фия“, която им дава подготовка, знания и умения, конкурентоспособни на 
съответстващото образователно и научно ниво в света в тази област.

От началото на 2012 г. ИМК е с нова структура на първичните звена. 
Преструктурирането бе извършено в съответствие с промяната на неговия 
статут през 2010 г., препоръките на европейския одит и ресурсното и кадро-
вото фокусиране върху водещите научни тематики. 

За пореден път основният проблем в ИМК и през 2012 г. бе значителния 
финансов недостиг (над 40% от необходимите средства). Възприетият подход 
за диференцирано институционално финансиране в БАН съобразно резул
татите от дейността нареди ИМК сред най-добре представящите се акаде-
мични институти с 22% по-висока бюджетна субсидия от тази за изминалата 
година. Това, както и собствените приходи от предлаганите на външни клиен-
ти научни, експертни и сервизно-аналитични услуги позволиха изплащането 
на трудовите възнаграждения в пълен размер, поемането на най-необходи-
мите разходи за издръжка и в крайна сметка – осигуряването на сравнително 
нормални условия за изпълнението на изследователските проекти.

Настоящият отчет обхваща дейността на института през 18-та година 
от  въвеждането на традицията за ежегодно публикуване в синтезиран вид 
на резултатите от изследователската ни работа.
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1. Предмет на дейност, приоритети и научен капацитет

1.1. Предмет на дейност, мисия и приоритети

Мисията на ИМК е да допринася за устойчивото развитие на общество
то и обогатяването на човешките познания в областта на минералогията, 
минералните суровини и кристалографията чрез задълбочени мултидисци-
плинарни изследвания на природни, техногенни и експериментално моде-
лирани минерални системи и синтезирани нови материали.

Научноизследователската работа в института е подчинена изцяло на 
неговия предмет на дейност: „Фундаментални и приложни изследвания, 
консултантска, експертна, обслужваща и аналитична дейност, приложение 
на научните резултати и подготовка на висококвалифицирани специалисти 
в областта на минералогията и кристалографията, изследване и моделира-
не на природни и техногенни минерални системи“.

ИМК е сред малкото звена в Академията с доказан мултидисциплина-
рен научен капацитет, модерна изследователска инфраструктура, способна 
да обезпечи конкурентоспособни изследвания в много широк спектър на при-
родните науки, и добре развито проектно, институционално и кадрово сътруд-
ничество с много наши и чуждестранни научни организации от най-различни 
области. По тази причина в новата изследователска структура на БАН инсти-
тутът е част от направлението „Нанонауки, нови материали и технологии“.

Основната дейност на ИМК е съсредоточена в следните приоритетни 
направления:

ИЗУЧАВАНЕ НА ЗЕМЯТА
– Изследване на минерали и минерални системи с цел определяне на 

техния състав, структура, свойства, взаимоотношения, процеси на форми-
ране и изменение и закономерности в разпределението.

– Разработване на генетични модели и критерии за прогнозиране, тър-
сене и проучване на находища на минерални суровини.

НОВИ МАТЕРИАЛИ И ТЕХНОЛОГИИ
– Израстване, синтез и характеризиране на моно- и поликристални 

материали (оптични кристали, микро- и мезопорести фази, стъкла и др.).
– Модифициране на минерали и материали с цел подобряване на тех-

ните сорбционни, каталитични и йонообменни свойства и търсене на въз-
можности за оптимално приложение.

ОПАЗВАНЕ НА ОКОЛНАТА СРЕДА
– Изучаване на важни за опазването и екологосъобразното ползване 

на околната среда природни и техногенни минерални системи с акцент вър-
ху въглища, руди и отпадъчни продукти от преработката им.

ПРИРОДА И СУРОВИННИ РЕСУРСИ НА БЪЛГАРИЯ
– Изследване, научен анализ и прогнозиране на минералносуровинни-

те ресурси на България с цел ефективното и екологосъобразното им опол
зотворяване.
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– Изучаване, опазване и съхраняване на минералното разнообразие 
на страната.

ПОДГОТОВКА НА ВИСОКОКВАЛИФИЦИРАНИ СПЕЦИАЛИСТИ
– Програмна акредитация за обучение за придобиване на образова-

телната и научна степен „доктор“ по научната специалност „Минералогия и 
кристалография“.

– Учебни програми и специализирани курсове за студенти и специали-
сти от наши и чуждестранни университети и научни институти.

1.2. Научен капацитет и тематичен обхват

Фундаменталното научно знание върху структурата, състава, свойства-
та и условията на образуване на минерали и материали, което дават мине-
ралогията и кристалографията посредством своите мощни методологични 
апарати и чрез прилагането на комплекс от най-съвременни аналитични 
методи, днес има изключително широк обхват на приложение: както прак-
тически във всички основни области на природните науки (Науки за земята, 
Материалознание, Биомедицина, Околна среда), така и в най-широк кръг 
от сфери на съвременната индустрия (минно дело и геология, минерални 
суровини и продукти на тяхна основа, опазване на околната среда от замър-
сявания, фармацевтична и биомедицинска промишленост и др.).

Следвайки съвременните тенденции на мултидисциплинарно развитие 
на науката в света, понастоящем ИМК разполага с екип от висококвалифици-
рани специалисти в областта на минералогията, кристалографията, минерал-
ните суровини, физиката и химията, работещи в естествено създадени, во
дещи в страната и добре познати в чужбина научноизследователски групи по:

–	Минералогия, геохимия и оползотворяване на въглища и въглищни 
продукти

– Характеристика и оценка на минерални суровини
– Моделиране, картиране и прогнозиране на минерални находища
– Археоминералогия и Технологична минералогия
– Кристална структура, състав и свойства на минерали и материали
– Структурни и химични трансформации на минерали и материали
– Природни зеолити и микропорести аналози
– Синтез на нови функционални и наноразмерни материали
– Кристален растеж на оптически кристали
– Екология и оползотворяване на техногенни отпадъци
Разработваните в ИМК основни научни и научно-приложни тематики 

са с международно доказана продуктивност и конкурентоспособност. През 
последните години се извършва балансирано тематично адаптиране към 
националните и европейските научни приоритети с акцент върху ефектив-
ното използване на минерални суровини и отпадъци, материалознание и 
нанотехнологии, екология и културно-историческо наследство.
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2. Организационна структура, персонал и оборудване

2.1. Организационна структура и кадрови състав

От началото на 2012 г. научноизследователската дейност в ИМК е орга-
низирана в следните три научни направления (департаменти): „Минералогия 
и минерални суровини“, „Експериментална минералогия и кристалография“ 
и „Структурна кристалография и материалознание“. В тяхната структура са 
интегрирани осемте аналитични и експериментални лаборатории, с които 

Организационна структура на ИМК
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разполага института. Освен тях в ИМК са обособени още Административно 
и Помощно-обслужващо звено.

Академичният състав на ИМК през 2012 г. включваше 26 учени: 3 профе-
сори, 17 доценти, 4 главни асистенти и 2 специалисти с докторски степени. От 
тях един учен е доктор на науките, а 24 са доктори. През изминалата година  
2 души придобиха академичната длъжност главен асистент – д-р Л. Димова и 
д-р М. Кадийски, а проф. д-р Л. Константинов се пенсионира.

Средната възраст на учените от академичния състав на ИМК е около 
51 години. Това са висококвалифицирани специалисти в областта на мине-
ралогията, минералните суровини, кристалографията, физиката и химията, 
които са в състояние да осигурят комплексно мултидисциплинарно изучава-
не и решаване на най-съвременно ниво на сложни проблеми на природни, 
техногенни и експериментално моделирани минерални системи и новосин-
тезирани материали. По-голямата част от учените са специализирали във 
водещи световни научни центрове в Белгия, Германия (4 стипендианти на 
Фондация „Ал. фон Хумболт“), Испания, Русия, САЩ, Швейцария, Япония и 
др. През 2012 г. учени от института водиха учебни програми и специализи-
рани курсове за студенти и докторанти от Хамбургския университет и Докто-
рантското училище на БАН.

Освен това в института работят 12 специалисти с висше и средно спе-
циално образование, основната част от които за заети с обслужването и под-
дръжката на осемте аналитични и експериментални лаборатории, а други 
участват в разработването на научноизследователските задачи. ИМК разпо-
лага и с малък административен екип от 5 специалисти в областта на финан-
сово-счетоводната дейност, кадровото обезпечаване библиотечното дело и 
материалното осигуряване с богат опит в организацията, снабдяването, ин-
формационното обслужване, финансовото планиране, разходване и отчита-
не както на бюджетните, така и на договорните средства с нашите партньори 
в България и чужбина. В помощно-обслужващото звено работят 6 души.

През 2012 г. в ИМК се обучаваха 9 докторанти: 6 редовни, 2 на само
стоятелна подготовка и 1 задочен. Следва да се отбележи ясно изразена-
та тенденция през последните години на засилен интерес за обучение по 
предлаганата от института докторска програма по „Минералогия и крис-
талография“. Основните причини за това се крият в подчертано интердис-
циплинарния характер на обучението, използването на най-съвременна 
аналитична и експериментална апаратура и високата квалификация на 
екипа от научни ръководители и лектори на специализирани курсове.

2.2. Изследователска инфраструктура

Със своите 8 собствени лаборатории (по електронна микроскопия, 
прахов и монокристален рентгеноструктурен анализ, термохимия, спектро-
скопия, химичен анализ, експериментална минералогия и кристален рас-
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теж, оптична микроскопия и подготовка на проби и препарати за анализ), 
както и с дяловото си участие в други 3 външни (раманова, мьосбауерова 
и масспектрометрична), в момента ИМК е най-добре оборудваната и с най-
висококвалифициран научен състав и обслужващ персонал организация в 
България в областта на детайлното изследване на структурата, състава, 
свойствата, поведението и взаимодействията на твърдите материали (неза-
висимо от произхода и размерите им) и системите, които те формират.

През последните няколко години по наша инициатива бяха организи-
рани консорциуми от водещи научни институти на БАН, СУ „Св. Климент 
Охридски“, ХТМУ и ИМК (като базова организация) за закупуване чрез кон-
курсно и бюджетно финансиране и съвместно използване на изследовател-
ска апаратура от най-ново поколение за над 2,5 млн. лв.

Понастоящем ИМК разполага с изключително мощна апаратурна база, 
способна на практика да покрие почти целия научноизследователски диапа-
зон в сферата на материалознанието:

Лаборатория по електронна микроскопия•	 :
Сканиращ електронен микроскоп CARL ZEISS SMT SEM EVO LS25 ––
с аналитична система EDAX Trident
Трансмисионен електронен микроскоп “Philips” ЕМ 420 Т (120 кV) с ––
аналитична приставка EDAX
Сканиращ електронен микроскоп “Philips” SEM 515 с аналитични ––
приставки EDAX и WDS.
Сканиращ електронен микроскоп “Philips” SEM 515 с SE детектор––

Лаборатория по рентгеноструктурен анализ•	 :
Монокристален дифрактометър Oxford Diffraction Supernova A ––
с два рентгенови източника и температурна приставка Oxford 
Cryosystems Cobra
Монокристален дифрактометър Enraf Nonius 586 CAD 4––
Прахов рентгенов дифрактометър Bruker AXS - D2 Phaser––
Прахов рентгенов дифрактометър ДРОН -3М с компютърна систе-––
ма за фазова идентификация
специализиран софтуер за обработка на данни и пълни бази от ––
данни ICDD и структурни бази от данни ICSD, CSD и PDB

Лаборатория по термохимия:•	
комплексна термохимична апаратура SETSYS Evolution 24 TGA-––
DTA/DSC с масспектрометър Omnistar за анализ на газовата фаза 
на Setaram Instrumentation
Диференциално-термични анализатори Stanton Redcroft STA 781 ––
и DTA 675
Диференциално-сканиращ калориметър Stanton Redcroft DSC ––
1500
Термо-механичен анализатор Stanton Redcroft TMA 790––
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Лаборатория по спектроскопия:•	
Инфрачервен спектрометър Bruker FT-IR  Tensor 37 с инфрачер-––
вен микроскоп Hyperion 2000
UV-VIS спектрофотометър CARY-100 Scan––

Лаборатория по експериментална минералогия и кристален •	
растеж:

Установки за хидротермален синтез при високи и ниски темпера-––
тури и налягания
Апаратура за кристален растеж от стопилки  по методите на  ––
Чохралски и Бриджмен-Стокбаргер
Пещи за нагряване до 1600°С––
Гореща преса “Crystalox” за високотемпературен твърдофазов ––
синтез

3. Проблематика и резултати от дейността през 2012 г.

3.1. Връзка с политиките и програмите на БАН

Основният кадрови, материален, финансов и информационен ре-
сурс на ИМК през 2012 г. бе насочен към изпълнение на стратегическите 
политики, заложени в „Програмата за стабилизация и развитие на БАН 
през периода 2012–2014 г.“, чрез активно участие в реализацията на 
следните програми:

Политика 1: Науката – основна двигателна сила за развитие на на-
ционалната икономика и общество, базирани на знания.
Програма 1.2: „Устойчиво развитие, рационално и ефективно из-

ползване на природните ресурси“ – посредством: изследване, научен ана-
лиз и прогнозиране на минералносуровинните ресурси на България с цел 
ефективно оползотворяване и природосъобразно и устойчиво развитие на 
националната инфраструктура и икономика; изучаване, поддържане и опаз-
ване на минералното разнообразие, геоложкото и ландшафтното природно 
наследство на страната. 

Програма 1.3: „Конкурентоспособност на българската икономика и 
на научния иновационен капацитет“ – чрез създаване на нови конкурент-
ни научни продукти и технологии за нуждите на индустрията и чрез научна 
подкрепа на най-съвременно равнище на българското предприемачество за 
реализирането на дългосрочни успешни бизнес проекти в сферата на ефек-
тивното оползотворяване на минералните суровини на България.

Програма 1.5: „Информационно, експертно и оперативно обслужване 
на българската държава и общество“ – чрез извършване на оперативни 
експертни оценки, анализи и препоръки по най-актуални проблеми, свърза-
ни със състава, структурата и свойствата на минерали и материали.
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Програма 1.6: „Качествено и конкурентоспособно обучение“ – по-
средством създаването на оптимални условия за научно израстване и пъл-
ноценна реализация на учените от ИМК и обучаваните от наши сътрудници 
студенти, докторанти и специалисти в условията на силно конкурентното 
европейско научноизследователско пространство.

Политика 2: Научен потенциал и изследователска инфраструктура 
– част от Европейското изследователско пространство.
Международната дейност на ИМК понастоящем се осъществява чрез 

двустранни институционални договори по линия на академичния обмен, по 
конкурсните програми на Фонд „Научни изследвания“ (ФНИ) и на европей-
ски институции, както и чрез гостуване на наши учени в чужди университети 
и изследователски центрове въз основа на спечелени конкурси, специали-
зации, по съвместни проекти или по покана.

През последните няколко години в института бе подменено част от 
остарялото научно оборудване с нова модерна техника, като база за про-
веждане на международно конкурентоспособни научни изследвания в об-
ластта на изучаването на минерали, минерални системи и нови материали, 
разработването на генетични модели за търсене и проучване на находища 
на минерални суровини, създаването и модифицирането на материали и 
минерали с цел подобряването на техните полезни свойства. Това прави 
ИМК търсен партньор при разработването на национални и европейски из-
следователски проекти в много широк спектър на научното познание – от 
минералогия, кристалография и минерални суровини, до материалознание, 
приложна физика и биология.

Политика 3: Националната идентичност и културното разнообра-
зие в Европа и света.
Програма 3.2: „Историята на българските земи, България и бълга-

рите“ – посредством участието в издирването и изучаването на археоло-
гически и архитектурни паметници и артефакти от древността до наши дни 
и развитието на нови научни направления като археоминералогията и гео
археологията.

3.2. Ползи за науката, бизнеса и обществото

В резултат на изпълнението на заложените в научноизследователския 
план за 2012 г. задачи са получени редица важни за науката и национална-
та индустрия резултати, напр.: нови знания за състава, структурата, свой-
ствата, закономерностите в образуването, поведението при технологичната 
преработка и ефективното оползотворяване на минерали, нови материали, 
минерални суровини, природни и техногенни минерални системи от бъл-
гарското геопространство; синтезиране на редица нови материали със за-
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дадена структура и свойства и модифициране на вече известни такива за 
приложение като йонообменници, сорбенти, катализатори, мембрани, баг-
рила, подобрители на почви, електронни компоненти, медицински и оптични 
продукти; разработване на технология за производството на наноразмерни 
зеолити; израстване на кристали, притежаващи конична рефракция, за це-
лите на създаването на лазери с висока яркост; попълване и актуализиране 
на национални бази от данни за минералите, минералните суровини и ново-
синтезираните кристални фази.

Като водеща публична научна институция в сферата на минерало-
гията, минералните суровини, кристалографията и материалознанието, 
ИМК предлага широк кръг от изследователски, експертни, консултантски, 
сервизни и аналитични услуги за бизнеса, държавната администрация 
и научно-иновационния сектор. Дългогодишни партньори и клиенти на 
предлаганите от нашите учени експертно-консултантски услуги са десетки 
фирми от най-различни индустриални сектори (търсене, проучване, добив 
и преработка на минерални суровини; нови материали; фармацевтика; 
опазване на околната среда и др.), научноизследователски организации, 
университети и музеи.

Потребители на научни продукти, експертен капацитет и аналитични 
изследвания на ИМК през 2012 г. са редица наши и чуждестранни индустри-
ални предприятия („БалканФарма-Дупница“ АД, „AXL International“ (Шве-
ция), „БКС Витоша“ АД, „ЕКО Индустри“ ЕООД, „Евротест“ ООД, „Зеолит 
БГ“, „Реставрация – Бендида“ ЕООД, „Дексалит“ ООД, „Строймикс“ ООД), 
научни институти от БАН (НАИМ, ИОНХ, ИФТТ, НИГГГ, ИЕЕС Институт 
по полимери, Институт по катализ), университети (СУ, ХТМУ, МГУ, УАСГ, 
Тракийски университет) и музеи (Национален исторически музей, Нацио-
нален музей „Земята и хората“, Музей на занаятите – Троян).

ИМК участва също така в организацията и управлението на редица 
дейности с национален характер:

– ИМК е научно средище на българската минераложка общност, обеди-
нена в Българското минералогическо дружество, чиято Интернет страница 
(http://www.clmc.bas.bg/Minsoc/) се поддържа от нашия уеб-администратор. 
В института се провеждат регулярните сбирки на дружеството, където наши 
и чужди учени докладват и дискутират актуални резултати от научни изслед-
вания в областта на минералогията и минералните ресурси. 

– ИМК е седалище на Българското кристалографско дружество с Пред-
седател проф. д-р О. Петров – зам.-директор на института, чиято Интернет 
страница (http://www.bgcryst.com) също се поддържа от уеб-администратора 
на нашия уебсайт. Под егидата на Управителния съвет на дружеството на 
1–3.11.2012 г. беше проведен IV Национален кристалографски симпозиум.

– ИМК чрез свои учени е активен участник в организационната и изда-
телската дейности на Българското геологическо дружество и Българското 
кристалографско дружество. 
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– ИМК е: хранител на базовата академична колекция „Минералното 
разнообразие на България“, в която се съхраняват уникални образци от ми-
нералното богатство на страната и специализирани работни материали от 
изследователските проекти и задачи на учените-минералози от института; 
активен участник в националните и международните форуми на издигнатата 
от Националния музей „Земята и хората“ Софийска инициатива „Съхраня-
ване на минералното разнообразие“, чиято основна цел е да опази за бъде-
щите поколения минералното богатство на Земята.

Поради спецификата на своя научен капацитет взаимодействие-
то на учените от ИМК с националните и регионалните институции в 
България и Европа е свързано преди всичко с изпълнението на голям 
брой изследователски проекти с външно финансиране, както и с наши-
те възможности за компетентни експертни мнения по въпроси, касаещи 
напр. ефективното оползотворяване на природни суровини, опазването 
на околната среда, влиянието на различни природни продукти върху чо-
вешкото здраве, окачествяването на лекарствени продукти на фарма-
цевтичната индустрия и др.

През 2012 г. по писмено искане на администрацията на Омбудсмана на 
Република България бе изготвено експертно становище относно действията 
на минерала клиноптилолит върху организма на човека от проф. д-р Огнян 
Петров – Председател на Българското кристалографско дружество и член 
на ръководството на Международната асоциация по природни зеолити.

Проф. дгн С. Василев е дългогодишен Национален експерт на Бълга-
рия в Института по енергетика на Съвместния изследователски център на 
Европейската комисия, гр. Петен, Холандия, където е водещ специалист на 
европейско ниво по въпросите на окачествяването и сертифицирането на 
биомасата във връзка с перспективите за използването ѝ като биогориво и 
суровина за производство на химични продукти.

Много от сътрудниците в института са участници в различни форми на 
научния живот на национално и международно ниво – председатели и чле-
нове на управителни органи на научни дружества, членове на редакционни 
колегии в реномирани международни и национални списания, рецензенти 
на научни трудове, участници в научни журита по конкурси за заемане на 
академични длъжности и др.

Със своята активна и многопосочна международна дейност ИМК защи-
тава завоювания си престиж на конкурентоспособна научна организация и 
все по-успешно се интегрира в изграждащото се европейско изследовател-
ско пространство.

3.3. Резултати от дейността и най-важни постижения през 2012 г.

През 2012 г. в ИМК се изпълняваха 17 проекта с общо 41 научноизсле-
дователски задачи, както следва:
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– 5 планови проекта с комбинирано финансиране – основно от бюджет-
ната субсидия, но и от външни източници;

– 5 проекта, финансирани по договори с ФНИ;
– 1 проект по Седма рамкова програма на Европейския съюз (2007–

2013), Програма „Капацитети“ (SP4), Научни изследвания в полза на малки 
и средни предприятия, на тема „Лазери с висока яркост на базата на конич-
на рефракция“ (High Brightness COnical REfraction Lasers – HiCORE);

– 1 европейски проект по Програмата за здравеопазване на ЕС (EU 
Health Programme), финансиран от европейската Изпълнителна агенция за 
здравеопазване и защита на потребителите (Executive Agency for Health and 
Consumers - EAHC) на тема „Оценка на безопасността на произвежданите 
наноматериали чрез характеризиране на техния потенциален генотоксичен 
риск“ (Safety evaluation of manufactured nanomaterials by characterisation of 
their potential genotoxic hazard – NANOGENOTOX);

– 1 проект по ОП „Регионално развитие“ България-Гърция 2007-2013 
г., съфинансиран от ЕС чрез Европейския фонд за регионално развитие на 
тема „Управление на риска от природни и антропогенни свлачища в гръцко-
българската погранична зона“ (RISK management of natural and anthropogenic 
landsLIDES in the Greek-Bulgarian cross-border area - RISKLIDES);

– 4 проекта по двустранни договори и спогодби на БАН по ЕБР с на-
учни организации от Руската (2 проекта), Чешката и Румънската академии 
на науките.

Научните резултати на учените от ИМК за 2012 г. са отразени в общо 
78 публикации, от които: 1 монография (изд. на БАН), 58 – в международни 
списания с импакт-фактор и реферирани сборници (47 публикувани и 11 
– приети за печат) и 19 – в списания без импакт-фактор и нереферирани 
сборници.

Като цяло е налице известен спад в общата публикационна активност в 
сравнение с данните за последните 5 години, който се дължи преди всичко 
на рязко намаления брой на статиите в нереферирани списания и сборни-
ци. Същевременно броят на публикациите в списания с импакт-фактор и 
реферирани сборници се запазва практически на същото високо ниво. И 
това е разбираемо, като се има предвид силната ориентация на нашата 
научна общност през последните години към представяне на резултатите 
преди всичко в реномирани международни издания. 

Съотношението „брой на публикации/академичен състав“ (26 души през 
2012 г.) е както следва: общ брой публикации – 3 на един учен; публикации с 
импакт-фактор – около 2.2; публикации без импакт-фактор – около 0.8. 

Научните резултати на сътрудниците от ИМК са представени също така 
с 45 доклада на 15 международни и 2 национални научни конференции.

През 2012 г. 192 публикации на учените от ИМК са цитирани 567 пъти в 
статии, книги и друга научна литература. Тези данни са впечатляващи, като 
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в сравнение с 2011 г. (158 публикации и 372 цитата) ръстът на цитираните 
публикации е над 21%, а на цитатите с над 52%. Като цяло това е един 
много добър атестат за качеството на нашата научна продукция и нейната 
висока ползваемост в професионалните научни общности.

През 2012 г. доц. д-р Йордан Муховски публикува монографията 
“Optical fluorides purification and crystal growing applicability and perspectives” 
(Академично издателство „Проф. Марин Дринов“), плод на неговите дъл-
гогодишни изследвания и огромен опит върху смесените алкалоземни 
флуоридни системи и кристалния растеж на монокристален флуорит с 
оптическо качество.

Най-важно научно постижение:

Колектив с ръководител проф. дгн Ст. Василев (в сътрудничество с уче-
ни от Института по енергетика и транспорт на Съвместния изследователски 
център на Европейската комисия (JRC-IEТ): На базата на критичен анализ 
на реферирани данни и собствени изследвания за фазово-минераложкия и 
химичен състав на пепели от разнообразни видове биомаса (ПБ) е разра-
ботена система за тяхното класифициране в 4 типа и 6 подтипа, базираща 
се на техния състав, произход и свойства*. Демонстрирано е, че тази нова 
класификация на ПБ има не само важно фундаментално значение, но също 
и потенциално приложение за предвиждане свойствата и иновативните и 
устойчиви области на употреба на отделените типове и подтипове ПБ**. 
Очертани са потенциалните предимства и предизвикателства, свързани с 
оползотворяването на ПБ, като: (1) общо оползотворяване; (2) извличане 
на ценни компоненти и тяхната употреба; (3) мултикомпонентно оползо-
творяване; (4) технологични предимства и предизвикателства; и (5) някои 
екологични и здравни рискове. Изтъкнато е, че посочените направления за 
оползотворяване, технологични и екологични предимства и предизвикател-
ства са свързани основно със специфичен тип и подтип ПБ и могат да бъ-
дат предвидени чрез използването на предложения комбиниран химичен и 
фазово-минераложки класификационeн подход. Настоящото изследването 
ще бъде използвано при формулирането на нови стандарти за качество и 
сертифициране на ПБ, както и за прогнозни цели, свързани с бъдещото ви-
сокотехнологичнo и устойчиво използване на биомасата и оползотворява-
нето на ПБ.

[*Vassilev, S.V., Baxter, D., Andersen, L.K., Vassileva, C.G. 2013. An overview of 
the composition and application of biomass ash. Part 1. Phase-mineral and chemical 
composition and classification. Fuel, 105: 40–76.  

**Vassilev, S.V., Baxter, D., Andersen, L.K., Vassileva, C.G. 2013. An overview 
of the composition and application of biomass ash. Part 2. Potential utilisation, 
technological and ecological advantages and challenges. Fuel, 105: 19–39.]
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Най-значимо научно-приложно постижение:

Колектив с ръководител доц. д-р В. Петкова (в сътрудничество с учени 
от Талинския технологичен университет, Естония): Приложен е комбиниран 
подход за изчисляване на кинетиката и температурните условия на термо-
окислителното разлагане (ТОР) на седем вида въглища (от лигнитни до ан-
трацитни) с променливо съдържание на минерални вещества от различни 
находища в България, Русия и Украйна. Комбинираното изследване на ТОР 
с анализ на отделящите се газове чрез масспектрометрия и инфрачервена 
спектроскопия в зависимост от температурата и вида на въглищата дава 
възможност да се определи профила на отделящите се емисии съобразно 
техния произход. При прилагане на изоконверсионния метод на Фридман за 
изчисляване на кинетичните параметри се определя активиращата енергия, 
стойностите на която варират повече за пробите с по-високо съдържание на 
органично вещество и с високо съдържание на минерални вещества. Това е 
доказателство за тясната връзка между минералния състав на въглищата и 
условията на провеждане на ТОР.

[Kaljuvee, T., M. Keelman, A. Trikkel, V. Petkova. 2013. TG-FTIR/MS analysis of 
thermal and kinetic characteristics of some coal samples. Journal of Thermal Analysis and 
Calorimetry, DOI 10.1007/s10973-013-2957-y (in press)]

Най-важно научно и научно-приложно постижение в резултат на 
международното сътрудничество:

Колектив с ръководител доц. д-р Р. Петрова (в сътрудничество с учени 
от Института по неорганична химия на Чешката академия на науките): В 
рамките на съвместния проект „Структурни изследвания на наноразмерни 
порести и слоисти материали“ са синтезирани (1) Mg-модифицирани β-TCP 
(Ca3PO4) материали с по-малък размер на частиците, по-висока повърх-
ностна площ и порьозност в сравнение с наличните на пазара търговски 
продукти, както и (2) LDH нанокомпозитни материали, подходящи за използ-
ване като прекурсори на катализатори. Изяснен е  механизмът на струк-
турните трансформации при нагряване на цирконосиликата от глазеритов 
тип Na3HZrSi2O8.0.4H2O. Установено е, че неговата кристална структура е 
стабилна до около 700°С, след което настъпват промени, водещи до обра-
зуване на NASICON-ов тип цирконосиликат – Na4Zr2Si3O12 и Na2SiO3.

[Kostov-Kytin, V., R. Nikolova, D. Nihtianova. 2012. Synthesis and structural trans-
formations of the “glaserite” type zirconosilicate, Na3–xH1+xZrSi2O8.yH2O. Materials Re-
search Bulletin, 47/9, 2324–2331.

Kostov-Kytin, V., R. Nikolova, T. Kerestedjian, P. Bezdicka. 2013. Temperature-in-
duced phase transformations of the “glaserite” type zirconosilicate Na3HZrSi2O8.0.4H2O. 
Materials Research Bulletin, 48/6, 2029–2033.]

София, март 2013 г.	 Ж. Дамянов
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Introduction

Academician Ivan Kostov Institute of Mineralogy and Crystallography (IMC) 
of the Bulgarian Academy of Sciences (BAS) is a leading scientific institution in 
Bulgaria in the fields of mineralogy, crystallography and mineral raw materials. It 
conducts comprehensive interdisciplinary research of natural, technogenic and 
experimentally modeled mineral systems and synthesized new materials.

In 2012, the Institute has continued to defend convincingly before the scien-
tific community and the society the high rating (A/A/A) for its overall activity and 
to prove its international competitiveness in the fields of its research priorities and 
areas of proven scientific competence.

Our scientists have made significant efforts for successful implementation of 
the research projects and presentation of the main results in prestigious inter-
national journals and at reputable scientific forums. The IMC has continued to 
develop and expand the cooperation with local and foreign partners from science 
and business, to upgrade, renovate and maintain the research infrastructure. The 
interest of young people to prefer training in our PhD program “Mineralogy and 
Crystallography” is constantly growing because the program gives knowledge 
and skills competitive in the corresponding educational and scientific level world-
wide in this area.

From the beginning of 2012, the IMC had a new structure of the primary 
research units. The restructuring was carried out in accordance with the change 
of its status in 2010, the recommendations of the European audit and the need of 
focusing the staff and the resources on the leading scientific themes.

In 2012, again as in the recent years, the main problem for the Institute 
was a significant financing gap (over 40% of the funds). The approach for differ-
ent institutional funding according to the results of activity, adopted by the BAS 
management, ranked IMC among the best performing academic institutions with 
budget allocation 22% higher than that for 2011. The Institute has managed to 
cope with the financial difficulties by using own resources and to provide rela-
tively normal conditions for the execution of the research projects.

This annual report presents the activities of the Institute during the 18th year 
of starting the tradition of annual publishing of our summarized research results.

Scientific activities during 2012

In accordance with its mission, areas of activities and priorities, the research 
activity of IMC in 2012 is reflected in the developed research topics (Section 4), 
the results of which have been published or accepted for publication in high-quality 
peer-reviewed international and national journals or in proceedings of scientific fo-
rums (Section 8) as well as by the participation in different forms of international 
cooperation (Section 5).
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During 2012 the activity of IMC was concentrated in 17 projects, as follows: 5 
projects financed mainly by the BAS budget; 5 – co-financed by contracts with the 
Bulgarian National Science Fund; 1 – funded by the 7th Framework Programme 
of the European Union, SP4-Capacities, Research for SMEs – “High Brightness 
COnical REfraction Lasers” (HiCORE); 1 – co-financed by the European Execu-
tive Agency for Health and Consumers (EAHC)��������������������������������� – ������������������������������“Safety evaluation of manufac-
tured nanomaterials by characterisation of their potential genotoxic hazard” 
(NANOGENOTOX); 1 – by the European Territorial Cooperation Programme 
Greece-Bulgaria 2007–2013 – “RISK management of natural and anthropogenic 
landsLIDES in the Greek-Bulgarian cross-border area” (RISKLIDES); and 4 – by 
the bi-lateral cooperation with the Academies of Sciences of Czech Republic, 
Romania and Russia.

The scientific results of IMC during the year are presented in 78 publications, 
of which: 1 monograph, 58 – in international journals and indexed proceedings  
(47 published and 11 in press), and 19 – in non-indexed journals and proceedings.

The ratio “number of publications/academic staff” is as follows: total number 
of publications – 3 per scientist; publications in international journals – about 2.2; 
publications in other journals and proceedings – about 0.8.

The scientific results of IMC have been presented also by 45 reports on 15 
international and 2 national conferences.

In 2012, 192 publications of our scientists have been cited in 567 papers, 
monographs, etc. These data are impressive, as compared to 2011 (158 publica-
tions and 372 citations), because the growth of cited publications is over 21% 
and those of citations – over 52%.

This is a very good testimonial for the quality of our scientific production and 
its high usability in the professional scientific communities.

In 2012, Dr. Jordan Mouhovski published the monograph “Optical fluorides 
purification and crystal growing applicability and perspectives”, Acad. House “Prof. 
M. Drinov”, the result of his long-standing research and vast experience on mixed 
alkali earth fluoride systems and crystal growth of fluorite with optical quality.

The most important scientific and applied results obtained during 2012 
include achievements in the following priority scopes of IMC:

natural and technogenic mineral systems

A classification system of biomass ashes (BA) into 4 types and 6 subtypes 
according to their composition, origin and properties has been developed based 
on the critical analysis of reference peer-reviewed data and own investigations on 
the phase-mineralogical and chemical composition of ashes from various types 
of biomass*. It is demonstrated that such new BA classification has not only fun-
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damental importance, but also has potential applications in prediction of proper-
ties and utilization connected with the innovative and sustainable utilization of 
BAs specified in different types and subtypes**. The potential advantages and 
challenges related to utilization of BA are described, such as: (1) bulk utilization 
(for soil amendment and fertilization; production of construction materials, ad-
sorbents, ceramics and other materials; plus synthesis of minerals); (2) recovery 
of valuable components and their utilization (char, water-soluble, cenosphere–
plerosphere, magnetic and heavy fractions; and elements); (3) multicomponent 
utilization; (4) technological advantages and challenges (slagging, fouling and 
corrosion; low ash-fusion temperatures; erosion and abrasion; co-combustion 
and co-gasification; prediction of phase composition; and others); and (5) some 
environmental risks and health concerns (air, water, soil and plant contamina-
tion; acidity, alkalinity and leaching; volatilization, retention, capture and immo-
bilization of hazardous elements and compounds; ash inhalation and disposal). 
It is emphasized that the definitive utilization, technological and environmental 
advantages and challenges related to BAs associate preferentially with specific 
BA types and subtypes and they could be predictable to some extent by using 
the above combined chemical and phase-mineral classification approaches. This 
study will be used in the formulation of new standards for quality and certification 
of BAs as well as for prediction purposes connected with future advanced and 
sustainable processing of biomass and BA utilization. (Research Group of Prof. 
S. Vassilev in collaboration with the Institute for Energy – Joint Research Centre 
(JRC-IE) at European Commission)

[*Vassilev, S.V., Baxter, D., Andersen, L.K., Vassileva, C.G. 2013. An over-
view of the composition and application of biomass ash. Part 1. Phase-mineral 
and chemical composition and classification. Fuel, 105, 40–76.

**Vassilev, S.V., Baxter, D., Andersen, L.K., Vassileva, C.G. 2013. An 
overview of the composition and application of biomass ash. Part 2. Poten-
tial utilisation, technological and ecological advantages and challenges. Fuel, 
105, 19–39.]

synthesis, modification and structural characterization

A combined approach for calculating the kinetics and the temperature con-
ditions of thermooxidative decomposition (TOD) has been used on 7 types of 
coal (from lignite to anthracite) with variable mineral contents from different coal 
deposits in Bulgaria, Russia and Ukraine. The combined study of TOD using the 
analysis of released gases by masspectrometry and infrared spectroscopy de-
pending on the temperature and the type of coal makes it possible to determine 
the profile of released emissions according to their origin. Using the isoconver-
sional method of Friedman for calculating the kinetic parameters it is possible to 
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determine the activation energy, the values of which vary more in the samples 
with higher contents of organic matter and mineral components. This is evidence 
of the close relationship between the mineral composition of coals and the TOD 
conditions. (Research Group of Assoc. Prof. V. Petkova in collaboration with the 
Tallinn University of Technology, Estonia)

[Kaljuvee, T., M. Keelman, A. Trikkel, V. Petkova. 2013. TG-FTIR/MS analy-
sis of thermal and kinetic characteristics of some coal samples. Journal of Ther-
mal Analysis and Calorimetry, DOI 10.1007/s10973-013-2957-y (in press)]

To the most important scientific and applied achievements resulting from 
the international scientific cooperation one can point to the results concerned 
with the realization of the international project “Structural studies of nanosized 
porous and layered materials” between IMC and the Institute of Inorganic Chem-
istry, Chezh Academy of Sciences, managed by Assoc. Prof. R. Petrova. In the 
framework of the project have been synthesized: (1) Mg-modified β-TCP (Ca3-
PO4) materials with a smaller particles size, higher surface area and porosity 
compared with the available commercial products on the market; and (2) LDH 
nanocomposite materials suitable as precursors for catalysts. The mechanism 
of structural transformation during heating of “glaserite”-type zirconosilicate, 
Na3HZrSi2O8.0.4H2O, has been elucidated. It was found that the crystal structure 
is stable to about 700°C, then changes occur leading to formation of NASICON-
type zirconosilicate, Na4Zr2Si3O12 and Na2SiO3.

[Kostov-Kytin, V., R. Nikolova, D. Nihtianova. 2012. Synthesis and structural 
transformations of the “glaserite” type zirconosilicate, Na3–xH1+xZrSi2O8.yH2O. 
Materials Research Bulletin, 47/9, 2324–2331.

Kostov-Kytin, V., R. Nikolova, T. Kerestedjian, P. Bezdicka. 2013. Tem-
perature-induced phase transformations of the “glaserite” type zirconosilicate 
Na3HZrSi2O8.0.4H2O. Materials Research Bulletin, 48/6, 2029–2033.]

Sofia, March 2013	 Z. Damyanov
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1. Trends of activity

1.1. Short history

The Institute was established in 1984 under the name Institute of Applied 
Mineralogy of the Bulgarian Academy of Sciences. In 1995 it was transformed 
into Central Laboratory of Mineralogy and Crystallography (CLMC) which inher-
ited the best specialists, the equipment and the most vital scientific themes from 
the former academic institute. Since 2005 the CLMC was named after the famous 
Bulgarian mineralogist and crystallographer Academician Ivan Kostov.

From July 1, 2010 the CLMC was renamed to Academician Ivan Kostov In-
stitute of Mineralogy and Crystallography after the high overall score (A/A/A) for 
the five-year (2004–2008) achievements and activities based on the evaluation 
procedure from the International Science Review Committee.

1.2. Mission, areas of activities and priorities

The IMC mission is to contribute to the sustainable development of soci-
ety and enlarging human knowledge in the fields of Mineralogy, Crystallography 
and Mineral Resources by comprehensive multidisciplinary research of natural, 
technogenic and experimentally modeled mineral systems and synthesized new 
materials.

The main areas of activities of IMC include basic studies and applied re-
search, consulting, expertise, service and analytic activities, practical application 
of scientific results and training of high qualified specialists in the fields of miner-
alogy and crystallography, investigation and modeling of natural and technogenic 
mineral systems.

Based on the outlined areas of activities, the main scientific priorities 
of IMC are:

Understanding the Earth

– Investigation of minerals and mineral systems aiming at determination of 
their composition, structure, properties, relationships, processes of formation and 
alteration, and modes of distribution.

– Development of genetic models and criteria for prognosis, prospecting 
and exploration of mineral deposits.

New Materials and Technologies

– Growing, synthesis and characterization of single and polycrystalline ma-
terials (optical and laser-grade single crystals, micro- and mesoporous phases, 
glasses, etc.).
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– Modification of minerals and materials aiming at improving their sorption, 
catalytic and ion-exchange properties as well as searching for possibilities for 
their optimal application.

Environmental Protection

– Investigation of important for environmental protection and ecologically 
friendly utilization natural and technogenic mineral systems accentuating at coals, 
ores, and waste products of their processing.

Nature and Natural Resources of Bulgaria

– Investigation, analysis, and prognosis of mineral resources of Bulgaria 
aiming at their effective and environmentally friendly utilization.

– Studying, preservation and collecting of the mineral diversity, geological 
and landscape natural heritage of Bulgaria through supporting “National Minera-
logical Database”, “Heavy Minerals Map of Bulgaria”, and a basic academic col-
lection “Mineral Diversity of Bulgaria”.

Training and Education

– National Program Accreditation for education and training of PhD students 
in “Mineralogy and Crystallography”.

– Educational programs and training courses for students and specialists 
from Bulgarian and foreign universities and institutes.

1.3. Relation with the research policies and programs of BAS

In 2012, the human, material, financial and information resources available 
in IMC were directed to the implementation of the strategic policies of the Pro-
gram for Stabilization and Development of BAS in the period 2012–2014.

Within the framework of the BAS strategic policies “Science as the main 
driving force in the development of knowledge-based national society and 
economy”, “Scientific potential and research infrastructure as a part of the 
European Research Area” and “ National identity and cultural diversity in Eu-
rope and in the world”, the IMC participates in the realization of the following 
basic programs:

Sustainable development, rational and efficient use of natural resources––
Competitiveness of the Bulgarian economy and capacity for scientific ––
innovation
Informational, expert and operative services to the Bulgarian state and ––
society
High-quality competitive education––
The history of Bulgaria, Bulgarian lands and Bulgarian people––
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1.4. Research topics and capacity

Fundamental scientific knowledge on the structure, composition, proper-
ties and formation conditions of minerals and materials that mineralogy and 
crystallography give by their powerful methodology and set of most advanced 
analytical methods, now has an extremely wide range of applications: both in all 
fields of the Natural Sciences (Earth Science, Materials Science, Life Science, 
Environmental Science) and in the industry (mining and geology, mineral re-
sources and products, environmental protection, pharmaceutical and biomedi-
cal industry, etc.)

Following the modern trend of multidisciplinary scientific development world-
wide, the Institute currently has a team of high-qualified specialists in the fields of 
mineralogy, crystallography, mineral resources, physics and chemistry working in 
leading in Bulgaria and well-recognized abroad Research Groups in:

Mineralogy, Geochemistry and Utilization of Coal and Coal Products––
Characterization and Evaluation of Mineral Raw Materials––
Mineral Deposits Modeling, Mapping and Prognosis––
Archaeomineralogy and Technological Mineralogy––
Crystal Structure, Composition and Properties of Minerals and Materials––
Structural and Chemical Transformations of Minerals and Materials––
Natural Zeolites and Microporous Analogs––
Synthesis of New Functional and Nanosized Materials––
Crystal Growth of Optical Crystals ––

The productivity and competitiveness of the main research topics, devel-
oped in IMC, are internationally proven. During the last years they are gradually 
adapted to the national and European scientific priorities with emphasis on the 
efficient utilization of mineral resources, raw materials and wastes, materials sci-
ence and nanotechnology, ecology and cultural and historical heritage.

1.5. Research infrastructure

With its own 8 analytical and experimental laboratories (Electron Microsco-
py, X-Ray Powder and Single Crystal Diffraction Analysis, Spectroscopy, Ther-
mochemistry, Experimental Mineralogy and Crystal Growth, Chemistry, Optical 
Microscopy, Samples and Preparations) and shares in other 3 external ones (Ra-
man, Mossbauer, LA-ICP-MS), IMC is currently the best equipped and with most 
highly qualified research staff organization in Bulgaria in the field of detail study 
of structure, composition, properties, behavior and interactions of solid matter 
(regardless of its origin and size) and systems it forms.
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During the last few years, IMC, as a principal institution, organized consortia 
with leading BAS institutes, Sofia University and University of Chemical Technol-
ogy and Metallurgy for purchasing modern research infrastructure by budget and 
project financing: new scanning electron microscope SEM EVO 25LS – CARL 
Zeiss SMT, new thermochemical equipment SETSYS Evolution 24 TGA-DTA/
DSC with mass spectrometer OmniStar of Setaram Instrumentation, new infra-
red microscope Hyperion 2000 of Bruker, new X-ray powder diffractometer D2 
Phaser Bruker AXS, new X-ray single crystal diffractometer Oxford Diffraction 
Supernova A with two X-ray sources and Oxford Cryosystems Cobra temperature 
attachment, etc.

Currently IMC has a powerful set of analytical equipment which is capable of 
ensuring practically the whole research range in the field of materials science.

1.6. Benefits for Science, Business and Society

As a result from the fulfillment of the topics in the research plan for 2012, 
there have been obtained a series of important for science and national indus-
try results, namely: new knowledge about the composition, structure, properties, 
modes of formation, behavior during technological processing and effective uti-
lization of minerals, new materials, mineral resources, natural and technogenic 
mineral systems from the Bulgarian geo-space; synthesis of a number of new 
materials with predicted structure and properties and modification of known phas-
es for application as ion-exchangers, sorbents, catalysts, membranes, dyes, soil 
amenders, electronic components, medical and optical products; development of 
technologies for production of nanosized zeolites; growing of crystals possessing 
conical refraction suitable for design of lasers with high brightness; upgrade and 
actualization of national data bases for minerals, mineral resources and newly 
synthesized crystal phases.

Being a leading public scientific institution in the sphere of mineralogy, mineral 
resources, crystallography, and materials science, the Institute offers a wide range 
of research, expert, consulting, and analytical services for business, government 
administration, and scientific-innovation sector. For many years partners and cli-
ents of the expert-consulting services offered by our scientists are tens of compa-
nies from various industrial sectors (survey, prospecting, mining and processing 
of mineral raw materials; new materials, pharmaceutics; environmental protection, 
etc.), scientific research organizations, universities, and museums.

IMC is engaged in the organization and management of a range of activi-
ties of particular national importance for the science and society: 
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– IMC is a scientific center of the Bulgarian mineralogical community united 
in the Bulgarian Mineralogical Society (http://www.clmc.bas.bg/Minsoc/) the web-
page of which is maintained by the Institute. The regular monthly sessions of 
the Mineralogical Society are held in IMC where Bulgarian and foreign scientists 
report and discuss new results from their research in the fields of mineralogy and 
mineral resources.

– IMC is the seat of the Bulgarian Crystallographic Society (http://www.bgcryst.
com) with Chairman Prof. Dr. O. Petrov – Deputy Director of the Institute, and or-
ganization and core staff dominated by our scientists working in the field of crys-
tallography and mineralogy. The webpage of the Crystallographic Society is also 
maintained by the IMC. Under the auspices of the Executive Council of the Society 
the 4th National Crystallographic Symposium was held on 1-3.11.2012 in Sofia.

– IMC by its scientists is a vigorous member in the organizing and publishing 
activities of the Bulgarian Geological Society and Bulgarian Crystallographic Society. 

– IMC is a custodian of the basic academic collection “Mineral Diversity of 
Bulgaria” including unique samples of the Bulgarian mineral wealth as well as 
specialized working materials concerned with the scientific projects and problems 
of the IMC mineralogists.

– IMC is an active member in the national and international conferences of 
the Sofia initiative “Preservation of Mineral Diversity”, organized by the National 
Museum “Earth and Man” and devoted on the preservation of the mineral wealth 
of Earth for the future generations.

Due to the specificity of its scientific capacity the collaboration of the scien-
tists from IMC with the national and regional institutions in Bulgaria and Eu-
rope is connected, most of all, with the realization of a great number of research 
projects with external financing as well as with our potentialities for competent ex-
pert opinions on problems concerned for example with the effective utilization of 
natural resources, environmental protection, effect of various natural products on 
human health, qualification of drug products of the pharmaceutical industry, etc. 

Many of our scientists are participants in different forms of the scientific 
life on a national and international level – chairmen and members of governing 
councils of scientific societies, members of editorial boards of international and 
national journals, reviewers of scientific papers, participants in scientific juries in 
competitions for academic positions, etc.

With its active and multi-component international engagements the IMC de-
fends its prestige as a competitive scientific organization and continues to suc-
cessfully integrate in the developing European Research Area. 
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2. Structure and Staff

The whole range of operative activities of IMC is organized in 3 research 
departments (Mineralogy and Mineral Raw Materials, Experimental Mineralogy 
and Crystallography, and Structural Crystallography and Materials Science) in-
cluding 8 analytical and experimental laboratories as well as in a small group of 
administrative and support staff.

IMC – Organization chart
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2.1. Short description of the structural units

Department “Mineralogy and Mineral Raw Materials”
Research Topics
– Mineral Systems
– Technogenic Systems
Research Activity
– Studying mineral objects formed in natural gradient systems aiming at the 

development of genetic models and their practical applications
– Studying the phase composition, qualitative characteristics and distribu-

tion of components in technogenic systems formed in using mineral raw materials 
as well as their impact on the environment

– Creation and actualization of mineralogical data bases
Main Research Objects: magmatic and metamorphic rocks; fluorite and bar-

ite deposits; sedimentary exhalative polymetallic deposits; metalliferous sediments 
from ocean rift zones; coals and products of their combustion; waste products from 
power engineering, metallurgy and ore dressing; agates; platinum-group minerals; 
accessory minerals; heavy minerals concentrates; archaeological artifacts.

Department “Experimental Mineralogy and Crystallography”
Research Topics
– Synthesis and Crystallization of Minerals and Materials  
– Modeling of Natural Processes and Systems
Research Activity
– Synthesis and crystallization of minerals and materials in model systems
– Investigation of products and processes of their formation
– Experimental modeling of natural processes in gradient fields
Main Research Objects: microporous materials, natural zeolites, tungsten 

minerals, bentonites, phosphorites, sorbents based on clays and zeolites, ti-
tanium and zirconium silicates, basaltic glasses, catalysts, laser optics grade 
single crystals.

Department “Structural Crystallography and Materials Science”
Research Topics
– Crystal Chemistry
– Physics of Minerals
Research Activity
– Determining of the crystal structure, phase and chemical composition and 

properties of minerals, single crystals, crystalline and polycrystalline materials
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– Synthesizing of new chemical compounds with particular structures and 
properties

– Completing crystallographic and spectroscopic databases for minerals 
and materials

Main Research Objects: optical crystals and glasses, new crystalline materi-
als, zeolite type materials and thin films.

Analytical and Experimental Laboratories

– Laboratory of Electron Microscopy: (i) local investigations of the morpholo-
gy, preferred orientation, phase and chemical composition, textural relationships, 
structural defects and structure of inorganic natural and synthetic phases, nano-
sized materials and thin films using various techniques of transmission electron 
microscopy; (ii) quantitative and qualitative characterization (morphology, micro-
structure, chemical composition, phase and chemical inhomogeneities) of mas-
sive, dispersed, polished and non-polished minerals, rocks, synthesized phases, 
thin films and other materials including biological tissues using scanning electron 
microscopy and electron microprobe analysis.

– Laboratory of X-Ray Diffraction Analysis: (i) determining unit-cell param-
eters, space group symmetry and atom positions in the structure of crystalline 
phases by X-ray single crystal diffraction analysis; (ii) X-ray powder diffraction 
analysis with possibilities for: qualitative phase analysis, unit cell parameters re-
finement, profile analysis of peaks, structural analysis of polycrystalline phases 
by the Rietveld method, quantitative analysis of natural and synthetic materials.

– Laboratory of Spectroscopy: measuring spectra of optical absorption in 
the mid-, near-infrared, visible and ultraviolet regions.

– Laboratory of Thermochemistry: determining phase transition tempera-
tures, chemistry of thermal reactions, kinetic and thermodynamic parameters of 
reactions and phase transitions in TG, DTG, DTA, and DSC regimes.

– Laboratory of Experimental Mineralogy and Crystal Growth: (i) low tem-
perature (up to 200°C) hydrothermal synthesis of microporous and layered mate-
rials; (ii) crystal growth by the Flux method; (iii) high temperature electrochemical 
experiments in melts; (iv) crystal growth (up to 1660°C) by the Bridgman Stock-
barger method (Crystallox); (v) synthesis of ceramic and polycrystalline compos-
ites through hot pressing (Crystallox) (up to 1500°C and to 100 MPa pressure).

– Chemical Laboratory: analyses of rocks, ores, waste waters and techno-
genic products by standard analytical methods and atomic absorption analysis.

– Laboratory of Optical Microscopy: study of rocks, ores, minerals and tech-
nogenic products in reflected and transmitted light with possibilities for obtaining 
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digital images by polarizing microscopes Leitz Orthoplan and Jenapol, micro-
hardness tester PMT-3 and binocular lenses.

– Laboratory of Samples and Preparations: crushing, milling, sieving 
analysis, separation, preparation of polished plates and samples, thin and 
polished sections.

2.2. Staff

The academic staff of IMC comprises 26 scientists: 3 Full Professors, 17 As-
sociate Professors, 4 Assistant Professors and 2 Researchers with PhD degrees, 
including 1 D.Sc. and 24 PhD holders. In 2012 Dr. Louisa Dimova and Dr. Milen 
Kadiyski were appointed Assistant Professors in Mineralogy and Crystallography, 
and Prof. Ludmil Konstantinov was retired.

The average age of scientists from the academic staff is about 51 years. 
They are highly qualified specialists in the fields of mineralogy, mineral depos-
its, crystallography, physics, and chemistry that provides a complex multidisci-
plinary investigation of the problems concerned with natural, technogenic, and 
experimentally modeled mineral systems and newly synthesized materials. The 
majority of scientists have specialized in leading scientific institutions in Belgium, 
Germany (4 fellows of the “Alexander von Humboldt” Foundation), Spain, Rus-
sia, USA, Switzerland, Japan, etc. In 2012, scientists from the Institute conducted 
various training programs and specialized courses for undergraduate and PhD 
students from the University of Hamburg and the PhD School of the Bulgarian 
Academy of Sciences.

In addition to the academic staff, 10 Researchers with university degrees work 
also in the Institute most of which engaged with service and maintenance activities 
in the 8 analytic and experimental laboratories but part of them have their own re-
search topics and areas of specialization within the framework of the main scientific 
projects. They are encouraged to perform active investigations with potential to be 
developed further into PhD theses.

IMC has also a small team of high-qualified specialists in the field of admin-
istrative, organization, legal, personnel and financial-accounting activities with rich 
experience in the organization, supply, financial planning, spending and reporting 
of cash flows as well as experienced supporting, technical and subsidiary staff.

Nine PhD students were trained in the Institute in 2012. It should be noted the 
clear trend in recent years of increased interest in training offered by our PhD pro-
gram “Mineralogy and Crystallography”. The main reasons for this are highly inter-
disciplinary nature of the training, using modern analytical and experimental equip-
ment and highly qualified team of tutors and lecturers of specialized courses.
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2.2.1. Board
– Director: Dr. Zhelyazko Damyanov
– Deputy Director: Dr. Ognyan Petrov
– Scientific Secretary: Dr. Vilma Petkova

Department “Mineralogy and Mineral Raw Materials”
– Head: Dr. Mihail Tarassov
– Staff – 14

Department “Experimental Mineralogy and Crystallography”
– Head: Dr. Vladislav Kostov-Kytin
– Staff – 11

Department “Structural Crystallography and Materials Science”
– Head: Dr. Boris Shivachev
– Staff – 12

Administration:
– Chief: Valeri Genov, MSc.
– Chief Accountant: Krasimira Gavrilova
– Staff – 5

Support Staff – 6

2.2.2. Scientific Council 
Dr. Ognyan Petrov – Chairman
Dr. Yuri Kalvachev – Vice Chairman
Dr. Nadia Petrova – Secretary
Dr. Boris Shivachev
Dr. Christina Vassileva
Dr. Diana Nihtianova
Dr. Eugenia Tarassova
Dr. Lubomir Dimitrov
Dr. Ludmil Konstantinov
Dr. Mihail Tarassov 
Dr. Oleg Vitov
Dr. Rossitsa Nikolova
Dr. Vilma Petkova
Dr. Vladislav Kostov-Kytin
Dr. Zdravko Tsintsov
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Dr. Zhelyazko Damyanov
Dr. Milen Kadiyski

2.2.3. Research Staff

Professors
DSc., Dr. Stanislav Vassilev
Dr. Ludmil Konstantinov – retired since August 2012
Dr. Ognyan Petrov

Associate Professors
Dr. Boris Shivachev
Dr. Boryana Mihailova
Dr. Christina Vassileva
Dr. Diana Nihtianova
Dr. Eugenia Tarassova
Dr. Irina Marinova
Dr. Lubomir Dimitrov
Dr. Mihail Tarassov
Dr. Nadejda Lihareva
Dr. Nadia Petrova
Dr. Oleg Vitov
Dr. Rossitsa Nikolova
Dr. Vilma Petkova
Dr. Vladislav Kostov-Kytin
Dr. Yuri Kalvachev
Dr. Zdravko Tsintsov
Dr. Zhelyazko Damyanov

Assistant Professors
Dr. Louisa Dimova – since June 2012
Dr. Milen Kadiyski – since June 2012
MSc. Krasimir Kossev
MSc. Valentin Ganev (self-training PhD student)

Researchers
Dr. Rossitsa Titorenkova
Dr. Stanislav Ferdov
MSc. Iskra Atanasova-Piroeva
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MSc. Elena Tacheva
MSc. Lachezar Petrov
MSc. Lubomira Macheva
MSc. Petya Ivanova
MSc. Svetlana Angelova
MSc. Valeri Genov
MSc. Yana Tzvetanova (self-training PhD student)

PhD students
MSc. Christina Sbirkova – since January 2012
MSc. Borislav Barbov – since October 2012
MSc. Daher Daher – till September 2012
MSc. Lilia Vladimirova
MSc. Mariana Eneva-Dimitrova – since January 2012
MSc. Svilen Gechev
MSc. Valentin Ganev – since November 2012
MSc. Vencislav Dulgerov
MSc. Yana Tzvetanova
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3. Main Equipment

Laboratory of Electron Microscopy
–	 CARL ZEISS SMT SEM EVO LS25 with EDAX Trident system
–	 Philips EM 420T (120kV) with EDAX 9100/70
–	 Philips SEM 515 with WEDAX-3A
–	 Philips SEM 515
–	 various subsidiary and peripheral devices

Laboratory of X-Ray Diffraction Analysis
Oxford Diffraction Supernova A X-ray single crystal diffractometer ––
with two X-ray sources and Oxford Cryosystems Cobra temperature 
attachment 
Enraf Nonius 586 CAD 4 X-ray single crystal diffractometer ––
Bruker AXS – D2 Phaser X-ray powder diffractometer––
DRON 3M X-ray powder diffractometer with PC-based system for ––
phase identification
specialized data processing software, full ICDD database and struc-––
ture databases ICSD, CSD, and PDB

Laboratory of Spectroscopy
Bruker FT-IR spectrometer Tensor 37 with HYPERION 2000 FT-IR ––
microscope
Varian UV-VIS spectrophotometer CARY-100 Scan––

Laboratory of Thermochemistry
SETARAM SETSYS 2400 TGA-DTA/DSC system with PFEIFFER ––
OmniStar mass spectrometer/gas analyzer 
Stanton Redcroft differential scanning calorimeter DSC 1500––
Stanton Redcroft differential thermal analyzers STA 781 and DTA 675 ––
Stanton Redcroft thermomechanical analyzer TMA 790––

Laboratory of Experimental Mineralogy and Crystal Growth
	Low temperature (up to 150–– °C), low pressure (up to 5 MPa) hydro-
thermal crystallization
	Melt growth by the Bridgman-Stockbarger method (Crystalox)––
	Flux growth––
	Hot-pressing (up to 1500–– °C, up to 100 MPa) (Crystallox)
	Furnaces of different type up to 1600–– °C
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4. Research Topics

4.1. Mineral Systems and Mineral Genesis

1. Investigation of fluorite from the Slavyanka deposit, Bulgaria as a 
material for application in the optics (B. Zidarova)

From a geodynamic point of view the Slavyanka deposit belongs to a region 
of autonomous Alpine tectono-magmatic activation, namely the Ograzdenian 
block of Serbo-Macedonian massif. It is a result of the activity of a paleohydro-
thermal gradient system. Its spatial development has been controlled by the lo-
cal structure-deformational pattern and the lithological situation determining the 
morphogenetic type of the deposit. This is a case of vein-type deposit formation, 
which is due to the presence of strike-slip faults (Central and Mikhaletz) as ore-
bearing structures and tensile stresses. The temporal evolution of the system 
has been controlled by the generation of discrete impulse post-volcanic hydro-
thermal activity, fixed by a four-stage release of the mineral-forming impulses. 
The paleohydrothermal activity has been organized in convective cells of several 
orders hierarchically. Temperature gradient, the orientation of the heat flow and 
the inhomogeneities in the local thermal fields determine the convective mass-
heat transport, which appear as zonality in the distribution of the fluorite formation 
temperature and as regular variation of its constitutive peculiarities, thus leading 
to a direction-dependent change of the fluorite properties. Inverse temperature 
zoning is caused by an upward heat flow in the deposit which had been shielded 
by Tertiary sediments, while the strong fracturing of the underlying gneissic mas-
sif makes it a heat collector, producing an inverse temperature gradient. Direct-
ed and non-reversible variations in temperature, concentration, pH and Peq. are 
the indicators of zone variation in the constitutional peculiarities of fluorite. The 
mechanism of formation of fluorite bodies depends on local peculiarities of the 
hydrothermal system, namely, the mineral composition of the host rocks and the 
degree of their tectonic pretreatment, the degree of opening of the system, chem-
istry of solution, and thermal gradient between the front of crystallization and the 
solution. The hydrothermal solutions forming fluorite in this deposit have low salin-
ity (below 1 eq. wt.% NaCl), pH ~ 6, relatively constant Eh, Th=100–200 °C (±5 °C) 
and Peq. from 1 to 20 MPa. Most probably, the fluorite in this case came from a 
complex form. Complexes of the type AlFn

3–n ����������������������������������play an important role as interme-
diate form for the fluorine transport in an acid medium. Their destruction in the 
presence of SiF6

2– and Ca2+ and in the solutions with pH ~ 6 leads to deposition 
of fluorite, alkalization of the solutions and subsequent deposition of montmo-
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rillonite and quartz. The mechanism of growth of fluorite crystals and aggregates 
on a microscale depends on the degree of opening of the hydrothermal system 
and on the equilibrium state in the crystal-solution system. If the temperature 
gradient between the front of crystallization and the solution in an open system 
far for equilibrium exceeds certain extreme values (e.g. 22 °C as is the case 
in the Slavyanka deposit), synergetic effects are effective, i.e. self-organization 
of the medium through dissipation originating from convective mass-heat trans-
port in dissipative cells with polygonal cross-section of the front of crystalliza-
tion (instability of Benar). These are revealed in the anatomy of growing fluorite 
aggregates through specific dissipative structures. The model proposed for the 
formation of fluorite aggregates from the deposit is an alternative possibility to 
the mineralogical concepts for the growth of mineral aggregates, which relates 
their structure with the dynamics of the forming medium. In open hydrothermal 
systems local variations in the concentration of Ca2+ and F– ions take also place 
along the front of crystallization. The ratio of their activities and the product of 
solubility [(aCa2+)×(aF–)2/KspCaF2

 >< 1] determine the processes of dissolution (<1) 
and regeneration (>1) of fluorite crystals and aggregates and reflect in their zonal 
structure. One can assume the zoned deposition of montmorillonite on the pyra-
mids of crystal growth or along the front of crystallization of dissipative cells has 
resulted from self-vibration reactions of the solution. In a closed hydrothermal 
system under stagnant conditions, taking place in some caverns due to gravity 
stratification of hydrothermal solutions, local fluctuations in their concentration 
have originated, leading to the occurrence of aggregates of banded structure (the 
region Mikhaletz) (Fig. 1e, f). Under such conditions, though on rare occasions, 
one can observe growth of fluorite spherolites in colloidal media, e.g. montmo-
rillonite gels or water saturated masses of montmorillonite.

Presented are optical transmission spectra (OTS) of the main fluorite varie-
ties (I and II) from Slavyanka fluorite deposit and of single crystals grown by the 
method of Stockbarger. These results are the basis for examination and express 
evaluation of the quality and homogeneity of natural raw fluorite for the optical 
industry. The zonal change of the constitutional peculiarities of fluorite is revealed 
by its indicator properties. Most informative among them are the optical ones 
– photoluminescence (PLS), X-ray luminescence (XRLS), thermoluminescence 
(TLS), optical transmission spectra (OTS) as a consequence of the mineral-form-
ing processes in the epithermal hydrothermal deposits, namely It reflects the di-
rected and nonreversible change of temperature, concentration, рН and partial 
pressure of the dissolved in these gasses.
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Fig. 1. Textures of fluorite aggregate (a–f) – polished sections
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The studies on the mineralоgical peculiarities of fluorite from the Slavyanka 
deposit aimed to solve two important problems. The first one is to create a concrete 
theoretical model for the dynamics of the mineral-forming processes in the geologi-
cal space, where the deposits are located with their areas and separate bodies of 
specific fluorite varieties. The second one is the prognostics of the potential of the 
deposit according to the quantity of fluorite raw material applied for traditional uses, 
as well as for some of its genetic properties, predetermining its application in ad-
vanced and more effective industries such as the optical industry. 

Observing the dynamics of the hydrothermal process it was established, that 
the temperature of homogenization of the fluid inclusions, the mineral composi-
tion of the primary and altered host rocks as well as the texture peculiarities of 
the fluorite aggregates (origin of dissipative structures) are the most informative 
for deciphering of the thermal regime of fluorite formation. Element composition, 
the composition of the fluid inclusions as well as the composition of contemporary 
underground waters in the region of the deposits are the most informative for the 
chemistry of the processes. The mechanism of formation of fluorite crystals and 
aggregates and their mineral assemblage points to their structural-textural pecu-
liarities and sequence of deposition as well as the whole complex of typomorphic 
features, according to which natural bodies, built up by definite fluorite varieties 
can be separated and individualized in depth. Additional information for the gen-
esis of the deposit can be obtained by the study of the constitutional peculiarities 
of fluorite, which reflect its optical properties. The established evolutionary habit 
row of fluorite varieties focuses on the evolution of the mineral-forming medi-
um and the variety of its parameters. A synthesis of this natural regularity is the 
crystallоgenetic diagram composed for the fluorite from the Mikhalkovo deposit, 
which is also confirmed for the Slavyanka deposit and is, probably, valid for all the 
deposits of the Fluorite formation.

The established regularities in the distribution of the temperature of forma-
tion and the corresponding habit of the fluorite varieties can be used for deter-
mination of the width of the ore interval in horizontal sections of the ore bodies. 
Such zoning, confirmed in the distribution of fluorite varieties also in the Slavy-
anka deposit, also linked with temperature zoning, allows an exact determination 
of the asymmetrical spatial distribution of the fluorite bodies for each of them, 
indicating as perspective the Vodena Skala site in depth. According to extensive 
mineralоgical mapping in the Slavyanka deposit, it became possible to separate 
industrial bodies from a definite mineral-genetic type with fluorite raw material of 
specific quality for selective production.
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Fig. 2. Chondrite-normalized REE patterns of fluorites in Slavyanka deposit: a) variety I;  
b) variety IIa; c) variety IIb; d) variety IIc; e) varieties I, II; IIa; IIb; IIc

The mutual link between the constitutional peculiarities and the optical prop-
erties of fluorite allows a prognosis of the quality of the future synthetic calcium 
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fluoride monocrystals as well as to judge according to their optical indicators 
upon the crystal chemistry of fluorite from the initial raw material.

The correlation between the contents of Ce in the raw fluorite and the coef-
ficient of absorption of Се3+

360nm in the synthetic monocrystals could be used as 
an express method for preliminary determination of their quality. The variety of 
methods that could be used for determination of the optical quality of the syn-
thetic fluorite monocrystals (XRLS, TLS, OTS and IRS) show different informative 
degrees resulting in varying reliability of the prognostic estimation. One important 
characteristics of the fluorite subvariety IIc is the very low content of the REE, 
which are sometimes even absent (Fig. 2d, e). It could be explained by the obser-
vation that parallel to the progress of the mineral-forming process, the solutions 
purify themselves of REE. Thus, it could be demonstrated that from that variety 
ready optical details suitable for the infrared and visible spectra without further 
recrystallization could be taken. In this way, the study of the fluorite structure and 
its genetic properties provides a possibility to define and envisage some new 
properties that could find efficient application in the future [48].

2. Mineralogy of the epithermal, low-sulfidation, adularia-sericite type 
electrum mineralization in the Au-Ag Khan Krum deposit, Krumov-
grad goldfield, Eastern Rhodope mountain, SE Bulgaria (I. Marinova, 
V. Ganev, R. Titorenkova)

The study of high-angle veins with colloform-banded texture in the Khan 
Krum deposit (known also as Ada Tepe deposit) continued in 2012 [56, 57, 58]. 
On the basis of various types of data we described schematically the formation of 
the bonanza of electrum colloform-banded texture into a few generalized stages:  
(i) Filling of millimetre-to-submillimetre-wide joints with a colloidal solution; (ii) Co-
agulation of the colloidal solution and precipitation of a banded silicate gel. Elec-
trum aggregation in micron-sized globules and coarser clots disseminated within 
the silicate gel; (iii) Drying and compaction of the banded gel, and formation of 
pores and cracks of syneresis. Formation of colloform surfaces; plastic deforma-
tion of the gel under the action of gravity for the high angles of the joints. Simulta-
neous reorientation of aggregated electrum globules in transverse dendrite- and 
chain-like shapes into the protruded parts of the gel, and flowing down of coarse 
electrum clots into the concave parts, resulting from the huge difference between 
the specific weight of electrum and that of quartz and adularia; (iv) Crystallization 
of chalcedony; quartz and adularia, and formation of their crystals into the still vis-
cous electrum as well as further reorientation of electrum forced from the crystal-
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lization of silicates. Lining of pores and cracks of syneresis with relatively coarse 
quartz and adularia crystals deposited from true solutions passing through the gel 
like through a semi-permeable membrane. Crystallization of electrum; (v) Diagen-
esis (re-crystallization and erasing of the gel textures) [57].

In order to answer the question about the different electrum grades of indi-
vidual colloform macro- and micro-bands we analyzed a colloform-banded vein-
let (2.5 cm wide), which contains several electrum-poor macro-bands and one 
electrum-rich submillimetre-wide banding of 4 individual micro-bands [58]. The 
micro-banding has distinct brown color (Fig. 1a). Major, minor and trace element 
abundances of the veinlet were determined on a polished section by Laser Ab-
lation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) measure-
ments. The analytical procedure with LA-ICP-MS included measurements of 
23Na, 25Mg, 27Al, 29Si, 42Ca, 49Ti, 53Cr, 57Fe, 65Cu, 66Zn, 75As, 77Se, 95Mo, 107Ag, 

Fig. 1. Major, minor and trace element abundances in a colloform-banded veinlet on the base of in-
situ LA-ICP-MS analyses: a) polished section of the analyzed colloform-banded veinlet and numbers 
of the laser ablation spots (from 1 to 11); b) photomicrograph of the electrum-rich micro-banding 
(micro-bands 8a, 8b, 8c, and 8d from left to right), analyzed between spots 8 and 9. Ablation craters 
as small circular black spots; black bands and large black spot – cracks and a pore of syneresis, 
respectively; electrum in white; c) positive correlation between Al and K, and negative correlation 
between each of them and Si for each spot. Highest abundance of Fe in the micro-band 8d; d) chart of 
some trace element distributions (in ppm) in the spots and apparent enrichment of the micro-banding 
(micro-bands 8a, 8b, 8c, and 8d) in these trace elements; e) graph of the coefficient of enrichment: the 
average ratio of abundance of each chemical elements analyzed in the micro-banding to the average 

one in the macro-bands. The grey dashed line displays this ratio equal to 1
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121Sb, 125Te, 137Ba, 197Au, 205Tl, 208Pb, 209Bi, 232Th, and 238U in each macro-band 
in one or two spots (spot diameter 35 µm), ablating three craters near each spot, 
staying away from any opaque mineral. The site and number of ablation spots 
are given in Fig. 1a. The micro-banding was analyzed for the same chemical ele-
ments by three craters along each micro-band (Fig. 1b) between spots 8 and 9, 
also staying away from any opaque mineral. The final chemical composition of 
each macro- and micro-band was obtained by averaging the data from all respec-
tive ablation craters.

Considering all spots analyzed, there is strong positive linear correlation (R) 
between Al and K (R = 0.92), on one side, and strong negative linear correlation 
between Al and Si (R = –0.94) as well as between K and Si (R = –0.96), on the 
other side (Fig. 1c), which means that nearly all K and Al are bound in potassium 
feldspar (adularia according to the petrographical observations), and that the 
amounts of sericite and alteration clays are negligibly small. The micro-banding 
compared to the macro-bands as a whole is enriched in the following elements 
(in times, in descending order): Bi (63), Te (39), Cu (36), Fe (33), Pb (29), Au 
(18), As (18), U (7), Ba (5), Zn (4), Mg (4), Cr (3), Al (2), Tl (1.6), Na (1.5), 
K (1.4), and Th (1.2), and it is slightly depleted in Si (0.9), Ti (0.8), Se (0.8), Ag 
(0.8), and Sb (0.5). Ca has equal abundances in both macro- and micro-bands 
(Fig. 1e). The high abundances of Bi, Te, Cu, Fe, Pb, Au, As, and Zn in the 
micro-banding reveal, most likely, connection in mineral phases like those ones 
already reported from optical observations and electron microprobe analyses 
in the literature: hessite (Ag2Te), petzite (Ag3AuTe2), galena, pyrite, marcasite, 
chalcopyrite, arsenopyrite, sphalerite, electrum. The highest grades of electrum 
correlate with the highest concentrations of Bi, Te, Cu, Fe, Pb, Au, As, and Zn. 
This fact infers the following: (i) the deposition of gold and silver as electrum was 
very sensitive to the decrease in the activities of reduced sulfur and tellurium 
species; (ii) the transport of gold and silver in the paleofluids was in the form of 
complexes with sulphur, and with tellurium, and (iii) high sulphur and tellurium 
abundances appear to be critical for high gold grades. In addition, electrum of 
moderate to high grades is observed only in quartz-adularia micro-bands with 
adularia abundance ≥ 50 vol. %, what we attributed to an advanced boiling of 
fluids [57]. It seems that most critical requirement for high electrum grades under 
equal other conditions is the combination of advanced degree of boiling, and of 
high abundances of gold, sulfur, and tellurium in the paleofluids. The LA-ICP-MS 
determinations characterize the Khan Krum deposit as Au-dominant (Au>Ag), Bi- 
and Te-rich (Te>>Se) type epithermal deposit.
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Composition of electrum from two styles of mineralization in Khan Krum 
deposit was studied using electron microprobe analysis (EMPA); namely from 
the lowermost low-angle, layer-like pervasive silicification of clastic breccias 
and breccio-conglomerates immediately above the Tokachka detachment fault 
and from high-angle bonanza submillimetre-wide colloform-banded veinlets of 
open-space filling [56]. The EMPA of both electrum types revealed distinctions 
concerning composition, Au/Ag ratio, and fineness. Electrum from the first style of 
mineralization contains Au, Ag, and Cu, has average Au/Ag = 2.99, and average 
fineness 740 ‰. Electrum from the second style of mineralization contains only Au 
and Ag, has average Au/Ag = 2.40, and average fineness 708 ‰. In the context 
of geological, textural, and mineralogical data, these distinctive compositional 
characteristics of electrum from the two styles of mineralization were interpreted 
as resulted from formation during different mineral-formation stages and at 
different extent of interaction fluid-host rock, and from paleofluids of different 
chemical composition.

3. Features of Au-Ag alloys in the epithermal low-sulfidation Au-Ag 
Khan Krum deposit, Eastern Rhodopes (Z. Tsintsov, I. Ivanov)

Au-Ag alloys and “blue-green (amazonite type) adularia” observed as sur-
face finds in a veinlet with bonanza Au-Ag mineralization in the so-called “upper 
zone” of Ada Tepe district of Khan Krum deposit was investigated. The veinlet is 
with lens-like form and with length of ~0.9 m and maximal thickness of ~0.12 m. 
In its central part there are seen alternating thin quartz-adularia stripes. A small 
chamber is formed among them “coated” by several very thin fine-grained quartz-
adularia layers. The latter form many “bubble-like” swellings resembling foam 
with oval form (spherical and ellipsoid) and with dimensions up to 10 mm. The 
layers are most often deposited upon thin crusts (up to 1 mm thick) of quartz 
from the second stage and rarely upon the quartz from the first stage. The lay-
ers are characterized by plenty of pores in the inner parts and reach a maximal 
total thickness of 4 mm. They have pale beige, pale red, pale brown, pale yellow 
to dirty white color on the surface. Rare depositions of goethite give dark brown 
to black color to some surface parts. The “bubble-like” swellings are very often 
fully or partially demolished revealing in depth other similar “bubble-like” quartz-
adularia layers. The bonanza Au-Ag mineralization has been deposited upon the 
surface of the quartz-adularia layers (Fig. 1a).

The data from the chemical analyses show that the mean contents of Au in 
the high-angle vein bundle are very high and usually display values >0.5 kg/t. The 
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quantity of Au in the veinlet with bonanza Au-Ag mineralization in some cases 
reaches 7.899 kg/t.

The aggregates of Au-Ag alloys built by many small grains have varying 
morphology (globular, dendrite, grape-like, band-shaped, etc.) and display a 
large range of sizes often reaching 15 mm along the longest axis. In the latter 
case the aggregates are observed with a naked eye. The noble metal mineraliza-
tion additionally includes silver-white to dark-grey aggregate with a plastic form 
and approximate size of 25 х 60 µm. This aggregate has a grape-like structure 
formed by plenty of small (from 3 to 10 µm), isometric or slightly elongated grains, 
which are densely stuck to each other, composed mainly of Ag. The grains of Au-
Ag alloys from the finer fractions (<50 µm) have homogeneous distribution of the 
elements composing them. However, a part of the largest grains (those >80 µm) 
possess chemical heterogeneity, which is expressed in a considerable fluctuation 
in the quantity of the separate compositional elements across different parts. In 
these cases the content of Au varies in the range 65.62 wt% to 99.12 wt% and 
the admixtures are entirely from Ag. (Fig. 1b).

In a surface indentation partially filled with goethite we found a thin (<1 mm) 
blue-green formation with ellipsoid form and approximate dimensions 2 х 4 mm.  
About 2/3 of its observable surface is covered by single crystals, spongy 
aggregates or dense masses of Au-Ag alloys. The optical studies and analytical 
data showed that this is adularia (a low temperature variety of orthoclase) and 
therefore we name it conditionally as “blue-green (amazonite-type) adularia” [41].

Fig. 1. Bonanza Au-Ag mineralization deposited upon destroyed quartz-adularia layers (a);  
irregular distribution of the compositional elements (the dark regions – rich in Ag).  

Natural surfaces – a. Polished surfaces – b
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4. State-of-the-art electronic bibliographic data base on minerals from 
Bulgaria (V. Kostov-Kytin, R. I. Kostov, P. Ivanova)

The upgrade of the electronic bibliographic data base on the minerals from 
Bulgaria (EBDBMB) goes on. It is realized in the form of an electronic table in 
Microsoft Access medium. The optimized version of EBDBMB contains more 
than 3400 records [55]. It comprises information about refereed titles derived 
mainly from geological and mineralogical periodicals issued in Bulgaria within the 
period 1954–2012 as well as other sources including online information resources 
dedicated to providing free mineralogical information such as www.mindat.org. 
About 70 per cents of the records have already been filled in with the names of 
minerals, mineral varieties, synonyms, mixtures, etc. described and investigated 
from various localities in Bulgaria. The preparation of a special list with Bulgarian 
and English names of minerals, varieties, etc. from Bulgaria is in course. At present, 
it contains more than 1350 entries including more than 730 valid minerals and 
provides information about their current status and description as approved (or 
otherwise) by the International Mineralogical Association (IMA). Despite the existing 
incompleteness and limitations the electronic bibliographic mineralogical database 
is a fact and. the improvement of its quality is a question of time. 

5. Mineralogical map of Bulgaria based on stream-sediment pan-con-
centrated surveys at a 1:500 000 scale (O. Vitov)

Mineralogical dividing based on data from stream-sediment pan-concen-
trated surveys, evaluation of the density of stream-sediment sampling, and prog-
noses of prospecting for mineral resources in the administrative district Yam-
bol, all at a 1:50 000 scale, are performed. Special attention is paid to the gold 
distribution (Fig. 1) – the gold targets are to the south and southeastern of the 
known gold occurrences and indications in the district Yambol, where the gold-
containing stream-sediment pan-concentrated samples have higher elevation. 
It is concluded that Eastern Sakar and Western Strandza have high potential 
for new gold and auriferous deposits. A recommendation to revision sampling of 
mining heaps for native gold is given. All these results are reported at the annual 
conference of the Bulgarian Geological Society [66].

Spatial distributions of native copper and copper minerals found in stream-
sediment pan-concentrated samples, taken within the water-catchment basins of 
Struma and Mesta rivers, are investigated (the districts Pernik, Kyustendil, and Bla-
goevgrad) for provenance analyses of archaeological findings of Chalcolithic cop-
per wedges and axes (4800 B.C.) made of very pure copper (���������������������99.99���������������� wt.������������%����������� Cu). Pres-
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Fig. 1. Prognoses for gold in the Yambol district, based on data from stream-sediment  
pan-concentrated sampling: А – halos of gold; В – full Fourier model

Fig. 2. А – Haloes of native copper and copper minerals as well as copper deposits, occurrences, 
and indications within the water-catchment basins of Struma and Mesta rivers; В (after F. Mihailov, 
2008) – Chalcolithic habitations and places of Chalcolithic copper wedges and axes. Inset: drawings 

of copper wedges and axes found in the area under study
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ence of haloes of native copper and copper minerals near prehistoric habitations 
was found as well as areas of probable existence of prehistoric metallurgic centers 
are pointed (Fig. 2). This study was presented at the annual Conference of the 
Bulgarian Geological Society – “GEOSCIENCES 2012” [65].

6. Crystallographic, chemical and structural characteristics of har-
motome from Zlatolist, Eastern Rhodopes, Bulgaria (R. Atanassova, 
R.  Vassileva, M. Kadiyski, Z. Zlatev)

Large volumes of intermediate and acid volcaniclastic rocks were formed 
during the Paleogene in the Eastern Rhodopes, South Bulgaria. Most of them 
were deposited in a shallow marine environment, lately transformed into clays, 
adularia, opal-CT and zeolites. Rare mineralization was observed in voids and 
cavities of basaltic rocks near the Zlatolist village. The voids, now amygdales 
are filled by calcite, quartz and several zeolites (harmotome, analcime, morden-
ite, heulandite etc.). Among these harmotome occurs as remarkably well-defined 
crystals up to 3.5 cm in size [3].

Harmotome has been characterized using optical microscopy, X-ray diffrac-
tion, SEM/EDS, EPMA, LA-ICP-MS and DTA. The investigated crystals invariably 
consist of complex penetration twins and twinning simulates pseudo-orthorhom-
bic forms according to the Morvenite-law (Fig. 1). Crystals are elongated along 
the a-axis, and flattened on {010}. Such complex twinning results in an optical 
heterogeneity and characteristic uneven extinction. 

The average chemical formula is: Ba2.46Ca0.17K0.26[Al5.89Si10.19O32·12H2O. 
A total of 35 trace elements were measured, up to 1.3 wt.% Na, 330 ppm Sr, 

Fig 1. Pseudo-orthorhombic harmotome  
twin crystal

Fig. 2. Model of the crystal structure of 
harmotome
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and 26 ppm Ti. The thermal behavior of harmotome represents water loss in 
three steps: at 125, 210, and 280 °C, and complete dehydration at 400 °C. 

A crystal fragment of harmotome was used for single crystal X-ray diffraction 
study (Fig. 2). Reliable structure model with satisfactory R-values (R1 = 0.0403; 
Rall = 0.0473) was obtained using the P2/m space group and it was chosen for 
the structure refinement. The obtained unit cell dimensions are: a = 9.8903(5),  
b = 14.1394(3), c = 8.6713(4) Å, β = 124.628(7)°, and V = 997.81(8) Å3. The final 
refinement included all atomic coordinates and anisotropic thermal displacement 
parameters.

7. Mineralogy of the gneiss-schist framework of the Gega ophiolitic 
mélange, Ograzhden mountain, SW Bulgaria (P. Ivanova)

The framework of the Gega ophiolitic body was investigated, the latter 
being tectonitized and metamorphosed mélange. The host rocks are gneisses 
passing in places into schists. The contact between the gneisses and the Gega 
mélange is tectonic, marked by faults, mylonitization, pegmatites, gneisses and 
ortho-amphibolites in mesh. A warm contact between the gneisses and the ortho-
amphibolites rarely occurs.

The gneisses are of two-mica composition, with garnet, and even with garnet 
porphyroblasts. Their texture is gneissic, and the structure is lepidogranoblastic. 
Besides garnet, the mineral composition includes muscovite, biotite, plagioclase, 
potassium feldspar, and quartz. Accessory minerals are ore mineral, zircon, and 
monazite altered into clinozoisite, epidote, clay minerals, sericite, hydromicas, iron 
oxides and hydroxides. Garnet porphyroblasts are about 3 mm in size, of isometric 
outlines and include abundant inclusions of biotite, muscovite, apatite, zoisite, car-
bonate, and ore mineral. The non-porphyroblastic garnet is smaller and variable in 
size. Commonly, it has irregular, rarely isometric outlines, is water-clear, and inten-
sively cracked. Small biotite flakes are rarely observed within its grains.

The schists are characterized with abundance of micas. They are of two-
mica, and of biotitic composition; of schistose texture and lepidoblastic structure. 
In places, granoblastic structure, formed by segregations of quartz and scarce 
plagioclase grains, was observed. The mineral composition includes biotite, mus-
covite, quartz, and plagioclase. Ore mineral and monazite appear as accessory 
minerals. Alteration minerals are clay minerals, iron oxides and hydroxides.

It was concluded that the described above gneisses and schists are prod-
ucts of metamorphic transformation of arkosic sandstones with clayey cement. 
The varying amount of the clayey cement in the different parts of the framework 
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infers formation of micas with a varying content and  hence, the formation of the 
two rock varieties. Additional evidence of para-metamorphic origin is the pres-
ence of garnet, indicating high content of aluminum in the original rocks.

4.2. Environmental Mineralogy, Archaeomineralogy and Biomineralogy

8. Mineralogy, geochemistry and environmentally safety application of 
solid fuels and their combustion and pyrolysis products (S. Vassilev, 
C. Vassileva, D. Baxter, L. Andersen, D. Daher, I. Kostova, S. Dai, D. Apos-
tolova, V. Darakchieva)

An extended overview of the organic and inorganic phase composition 
of biomass was published [43] in collaboration with Institute for Energy and 
Transport – Joint Research Centre at European Commission. The research 
included a critical review of peer-reviewed literature data for the contents of 
cellulose, hemicellulose, lignin and bulk extractives of 93 biomass varieties, 
as well as additional reference peer-reviewed data and own investigations for 
various minor organic components and minerals, and modes of element occur-
rence identified in biomass. It was found that the phase distinctions among the 
specified natural and anthropogenic (technogenic) biomass groups, sub-groups 
and varieties are significant and relate to different biomass sources and origin. 
The phase composition of biomass is highly variable due to the extremely high 
variations of structural components and different genetic types (authigenic, de-
trital and technogenic) of inorganic matter. The technogenic biomass group is 
quite complicated as a result of incorporation of various non-biomass materials 
during biomass processing. Correlations and associations among phase and 
chemical characteristics were studied to find some major trends and important 
relationships occurring in the natural biomass system. Certain leading asso-
ciations related to the occurrence, content and origin of elements and phases 
in biomass were identified and discussed, namely: (1) C-H (mainly as authi-
genic cellulose, hemicellulose, lignin and organic extractives); (2) Si-Al-Fe-Na-
Ti; (mostly as detrital silicates and oxyhydroxides, excluding authigenic opal);  
(3) Ca-Mg-Mn; (commonly as authigenic oxalates and carbonates); and  
(4) N-K-S-P-Cl (normally as authigenic phosphates, sulphates, chlorides and 
nitrates). It was emphasised that these important associations have potential 
applications and can be used for initial classifications or prediction and indica-
tor purposes connected with future advanced and sustainable processing of 
biomass to biofuels and chemical feedstock.
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Modes of occurrence of Hg in fly ashes (FAs) collected from two Bulgarian 
thermoelectric power plants (TPPs) and the influence of surface area properties 
of FAs on the mercury caption behavior during coal combustion have been stud-
ied [54]. This research was supported by the National Science Fund of Bulgaria 
(No.160/2008), and presents a part of the IMC-BAS contribution, concerning fly 
ash separation procedure and interpretation of porosimetry analysis results. A 
separation procedure was applied (IMC-BAS) on FA samples from different ESP 
rows of Maritza-3 TPP and Varna TPP in order to study the enrichment /depletion 
behaviour of Hg in the fractions of lignite and bituminous coal derived fly ashes. 
Five fractions were separated from each bulk FA sample as follows: water leach-
ate of FA; water washed FA; char concentrate; magnetic fraction; and FA residue. 
Mercury content in all bulk samples and separated fractions was determined by 
Mercury analyzer Milestone DMA-80 (China University of Mining and Technol-
ogy, China). Physical N2 adsorption at 77 K in combination with CO2 adsorption 
at 273 K in a Micromeritics porosimeter ASAP 2020 has been applied (Indiana 
Geological Survey, USA) for porous texture characterization of the FAs and their 
respective char fractions separated (IMC-BAS). The specific surface area (BET 
SA and Langmuir SA), BJH adsorption mesopore volume and pore size distribu-
tion analyses were carried out using N2 gas as an adsorptive at the boiling point 
temperature of liquid N2 (77.30 K) over a pressure range of 0–800 mm Hg. The 
micropore volume, micropore specific surface area and monolayer capacity were 
determined using CO2 as the adsorptive gas at a temperature of 273 K. The re-
sults indicate that char, which contain mainly unburned organic matter (porous 
semicoke and coke) and certain proportions of inorganic matter represented by 
silicates, carbonates and some sulphates, oxides and glass,  has a leading role 
for the partial capture and retention of Hg in FAs. Additionally, fly ash char frac-
tion generated from lower rank lignites (Maritza 3 TPP) has greater enrichment in 
Hg compared to FAC originated from higher rank bituminous coals (Varna TPP). 
The data from the SA and porosimetry analyzes reveal that there is a strong 
positive correlation between Hg concentration and the BET/Langmuir specific 
surface area, BJH mesopore volume, micropore surface area (CO2 D-A test) and 
monolayer capacity and a moderate positive correlation with the micropore vol-
ume of the char fraction derived from FA of the 3rd ESP row at Maritza 3 TPP 
was observed. The results suggest that Hg adsorbs on both the mesopores and 
micropores of the char particles and by volume filling of the pores for the lignite-
derived fly ash char sample. In contrast, Hg concentration shows strong positive 
correlation with the micropore surface area and moderate positive correlation 
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with micropore volume and monolayer capacity of the char fraction obtained from 
the FAs of the 5th ESP row in Varna TPP. Thus, the adsorption on the micropores 
of the char particles and subordinate volume filling of the char micropores can 
be expected as preferable mercury adsorption mechanisms for the bituminous-
derived fly ash char sample. Therefore, the results reveal: (1) strong Hg capture 
behaviour of FA char fractions; (2) preferable location of Hg in the micro-meso 
pores of lignite-derived char from 3rd  ESP row of Maritza 3 TPP, and in the micro-
pores of the bituminous-derived char from the 5th ESP row in Varna TPP.

Six petroleum coke samples from a Syrian Refinery, as well as their ashes 
produced at 800 °C were studied for their chemical and phase-mineral composi-
tion [51]. This study is a part of the work performed by PhD student D. Daher 
(IMC-BAS), who was discharged (12/11/2012) with a right to defend his PhD 
thesis. Phase-mineral and chemical composition of petroleum coke ash was 
characterized by ICP-AES, ICP-MS-LA, powder XRD, SEM, DTA-TGA, and IRS 
analyses. The results reveal that the major elements (>1%) in petroleum coke 
ash are V (9–25%), Ca (4-9%), Si (6–8%), S (6–7%), Ni (2–9%), Fe (2–10%), 
Al (1–3%), and Na (1–3%), minor elements (0.1–1%) are Мо, Mg, Ti, K, P, and 
Zn; while the other elements identified are trace elements (<0,1%). It was estab-
lished that petroleum coke ashes consist of the following minerals and phases: 

Fig. 1. SEM images (secondary electrons) of char fractions recovered from fly ash. (a) and  
(b) – 3rd ESP row of Maritza 3 TPP (Dimitrovgrad); (c) and (d) – 5th ESP row of Varna TPP
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major (glass, anhydrite and Ni vanadate); minor (quartz, cristobalite, K feldspar 
and jarosite); and accessory (hematite, V oxides and Ni oxide). It was found that 
elements such as Ni, V, Mo, Zn, Co и Cr and S have contents several orders of 
magnitude greater than the Clarke values for coal ashes, and they would be of 
great industrial interest for recovery from PCA. On the other hand, a number of 
toxic and potentially toxic elements (V, Ni, Mo, Cd, Co, Cr, Pb, Zn) have high con-
centrations in PCA and they could potentially contaminate soils, waters and air 
during the storage, transport, processing and/or utilization of this product. It was 
also emphasized that an elucidation of the modes of element occurrence (miner-
als and phases) in PC and PCA is required in respect to their utilization as energy 
resource or in order to perform some element extractions. 

Extended overviews on the phase-mineral and chemical composition and 
classification of biomass ash (BA) [76], as well as on the potential utilization, 
technological and environmental advantages and challenges related to biomass 
ash using the above classification approach were published [77] in collaboration 
with Institute for Energy and Transport – Joint Research Centre at European 
Commission. The achievements of this research could be important for formulat-
ing new standards for biomass ash quality and certification, and/or for indicator 
purposes connected with future advanced and sustainable processing of bio-
mass and biomass ash utilization. 

9. Geological prerequisites and archaeological evidence for the devel-
opment of the ancient gold mining on Ada tepe, Krumovgrad munici-
pality (Z. Tsintsov, H. Popov)

Ancient mine Ada Tepe significantly revised questions about the chronology 
of gold mining from host rocks in the past and shows, that in Europe such was 
realized in the middle of the II millennium BC. One of the main geological factors, 
which contributed to the development of a gold deposit in the host rocks in such 
an early stage of civilization is related to the morphology of the peak. Stylized, its 
shape can be seen as a truncated cone with steep slopes in almost all directions, 
as from the east side of their slope reaches about 45°. Rich Au-Ag mineralization 
is deposited in hydrothermal zones as chamber veins or so called “bonanza” with 
volume 0.3–0.5 m3 and content of Au to 7899.7 g/t. The specific morphology of 
the peak facilitate for development of intensive weathering processes led to the 
detection of these extremely rich ore bodies to the surface and the formation 
of auriferous eluvial-diluvial places around them. Perhaps these two factors are 
leading to the opening of Ada tepe gold deposit from the ancient miners. Addi-
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tionally, the strongly cracked host rocks and the ore bodies have supported the 
development of a gold deposit in the past [40, 60].

10. Ancient plasters from the Thracian tomb “Shushmanets”, town 
of Shipka, Bulgaria: mineralogical and chemical characteristics  
(E. Tarassova, M. Tarassov, A. Pavlov, P. Ivanova, E. Tacheva)

The Thracian tomb in “Shushmanets” mound (ІV–ІІІ century B.C.) exca-
vated in 1996 near the town of Shipka at the foot of the Stara Planina mountain, 
consists of wide corridor (dromos) bordered by boulder masonry, rectangular 
in plan antechamber with a semi-cylindrical vault and Ionic column, and round 
chamber with dome pillared by Doric column. All the premises (their walls, floors 
and ceilings) and columns are built up of dressed granite blocks and plastered 
with fine mortar. Today the plaster in many places of the tomb is seriously dete-
riorated and detached from the walls. The conducting nowadays conservation-
restoration works on the tomb need an actual information on the construction 
technology of the ancient builders including their recipes for the used mortars 
(binder, aggregates and raw materials). In the present communication, the au-
thors report their primary results on mineralogy and chemistry of the plaster 
from the “Shushmanets” tomb. 

Series of samples of plaster from the main chamber (floor and wall), ante-
chamber (inner wall and facade wall) as well as samples of granite from building 
blocks of the “Shushmanets” tomb were provided by the Center for Restoration 
of Art Work (Sofia, Bulgaria). Manually picked fragments of the materials, pol-
ished specimens and thin sections were studied using optical microscopy (Leitz 
– Orthoplane), scanning electron microscopy and electron probe microanalysis 
(ZEISS SEM EVO 25LS equipped with an EDAX Trident system).

General characteristics of plasters. The principle feature of the studied plas-
ters is that they are composed of two mortar coats of different chemical and min-
eral composition. This is distinctly visible in the plasters of the antechamber walls 
(Fig. 1): the outer layer is macroscopically lighter being composed of aggregates 
of limestone particles and calcite crystals cemented by fine disperse lime binder; 
the lower coat consists mainly of granite fragments (grains of plagioclase, quartz, 
potassium feldspar, biotite, epidote, muscovite, zircon, sericite, chlorite) in lime 
binder. Samples from the main chamber turn out to be either the upper part (sam-
ple from the floor) or the lower part (sample from the wall) of the respective two-
layered plaster. In all studied plasters, the size of aggregates (mineral and rock 
fragments) is similar varying between 0.01 and 4 mm (~2 mm in average), and 
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the volume occupyied by the lime binder is the same 30–50 vol.%. The total width 
of the plasters varies between 3 and 8 mm. Optical microscopy examination of 
granite from the building blocks specifies the rock as biotite granite porphyritic 
after feldspars with weak hydrothermal alteration. This granite corresponds well 
to the granite fragments in the studied plasters. The petrographic characteristics 
of the granite are close to those used in other Thracian tombs in the region as in 
the “Golyama Kosmatka” tomb. 

Chemical composition of binder. Binders of the external plaster coats are 
almost entirely composed of calcium carbonate (calcite) with variable MgO con-
tent. The lower coats, besides CaO and MgO, contain variable quantities of SiO2, 
Al2O3, SO3 and Fe2O3, and sporadically Na2O, K2O and Cl. The binders in each 
of the studied samples are nearly homogeneous in their chemical composition. 
An exception is the sample from the antechamber facade showing high varia-
tion in the content of SO3 (corresponding to gypsum). The obtained chemical 
compositions of the studied binders are recalculated and plotted in two ternary 
diagrams: CaO+MgO (carbonate) – Al2O3+Fe2O3+SiO2 – CaO (sulphate) and 
CaO+MgO (carbonate) – SiO2 – Al2O3+Fe2O3 (Fig. 2). As is seen in Fig. 2b the 
binder compositions are grouped in almost linear trend from essentially carbon-
ate to carbonate-alumosilicate composition (from a nearly pure common lime to 
a comparatively high hydraulic lime in the original mortars). This trend means 
that the carbonate and alumosilicate constituents are weakly variable in their 
composition and the only change is in the ratio between the two constituents. 
The Devonian rocks of the limestone-pelitic series (2D2) – limestones, marls and 
argillites outcropping nearby the studied tomb seem to be appropriate raw materi-

Fig. 1. Two coats of mortar from the facade part of the antechamber: (a) first (lower) coat composed 
of lime binder and granite fragments (Kfs – microcline, Qtz – quartz, Pl – plagioclase); (b) second 

(external) coat containing grains of non-calcined limestone in lime binder
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als for the production of limes (by burning) for the studied tomb. The presence of 
gypsum in some of the studied binders (Fig. 2a) is most probably due to the ad-
ditives of calcium sulphate in the original ancient mortar recipes (this assumption 
is valid at least for the binder of the wall of the main chamber with 4–7 mol.% of 
gypsum). The calculated values of hydraulicity index (HI = (SiO2+Al2O3+Fe2O3)/
(CaO+MgO)) of the hydraulic lime used in the studied mortars correspond well to 
the published data of ancient mortars (Elsen et al., 2012) being: 0.75–1.29 (0.94 
in average, close to HI of binder of the so-called “Rome concrete”) – for main 
chamber wall (first coat), 0.52–0.96 (0.74) – for antechamber facade wall (first 
coat), 0.22–0.47 (0.33) – for antechamber inner wall (first coat), 0.13–0.15 (0.14) 
– for antechamber facade wall (external coat).

It is shown that the studied plasters consist of two coats corresponding to 
two different types of mortar. The first one, related to the first (lower) coat, is a 
stronger mortar with hydraulic lime as binder and fragments of granite as ag-
gregates. The second type of mortar consisting of common lime as binder and 
grains of calcite and limestone as aggregates was used for the second coat. The 
local Devonian rocks of the limestone-pelitic series outcropping to the East of the 
tombs are assumed to be raw materials used for the tomb construction [63].

11. Structural and chemical diversity in apatites: bio-mineralization 
and biomaterials (E. Dyulgerova, O. Petrov)

The natural and synthetic apatites are characterized by structures, remark-
ably tolerant to complex chemical substitution.

Fig. 2. Plot of compositions (mol.%) of plaster binder in the ternary systems of: (a) CaO+MgO 
(carbonate) – Al2O3+Fe2O3+SiO2 – CaO (sulphate); (b) CaO+MgO (carbonate) – SiO2 – Al2O3+Fe2O3 

main (chamber: 1 – floor, 2 – wall; antechamber: 3 – inner wall, 4 – facade wall)
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The basic apatite structure is with hexagonal symmetry (space group 
P63/m) and is characterized by continuous channels throughout forming 
tunnel structure (Fig. 1). 

Filling of these tunnels is done by Ca2+ cations and anions (OH, F, Cl) or 
isomorphically substituted ions. Even slight changes in ionic radii of the tunnel 
atoms lead to expansion or contraction of the structure.

Attention is paid to the complexity of the structural and crystal chemical 
features and diversity of apatites looked upon as basis for biomineralization 
and synthesis of biomaterials. Biomineralization refers to processes by which 
organisms form minerals. Biologically controlled biomineralization is a highly 
regulated process which produces minerals such as bones, shells, and teeth  
that have specific biological functions. 

The future technological application of these materials requires their thor-
ough structural characterization.

The present overview additionally focuses on our results on controlled 
preparation of bi-phase calcium phosphate ceramics for the needs of the clini-
cal practice to be used as bone implants as well as study of high-energy dry-
milled biphase Ca-P ceramics [69] for possible use in endodontics.

Fig. 1. Representation of the apatite structure
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12. Effects of high-energy dry milling on bi-phase calcium phosphates 
(R. Ilieva, E. Dyulgerova, O. Petrov, R. Aleksandrova, R. Titorenkova)

The effect of high-energy dry milling on the structural and crystalline state 
of sintered bi-phase calcium phosphates was studied. After various periods of 
grinding the initial bi-phase calcium phosphate material alters its crystalline 
structure and phase composition. 

Fig. 1. Powder XRD patterns of the initial sintered 
sample (a) and this sample milled for 5, 10 and 20 h 
(b, c and d, respectively); squares indicate HAP and 

circles indicate β-TCP

The phase transformations achieved during milling were recorded by 
powder X-ray diffraction (XRD), scanning electron microscopy (SEM), infrared 
spectroscopy (IR), and chemical analysis. X-ray diffraction analysis of samples 
milled for 20 hours showed that the initial composition of the bi-phase ceramics 
changed, part of β-TCP was nano-crystalline (Fig. 1) and partially in amorphous 
state (Fig. 2). 

Hydroxylapatite (HAP) fully transformed into nano-crystalline phase. Cy-
totoxiticiy tests of samples milled for 20 h, clearly present cellular viability with 
pronounced biological activity [69].

Fig. 2. Images (SEM) of milled biphase 
material for 20 h – foamy surfaces with 
surface layering unstructured discrete 

particles, probably amorphous
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4.3. Modeling and Modification of Mineral Systems

13. The “glasserite” type topology: properties, chemical diversity and 
challenges (R. Nikolova, V. Kostov-Kytin)

New more precise structural definition and general chemical formula for 
“glasserite” type materials is proposed on the basis of crystal-chemical data of 
over 150 compounds. It is also found that “glasserite” topology could incorpo-
rate more than 45 chemical elements determining variety of physical chemical 
properties [105]. 

Our systematic study shows that “glaserite” topology is adopted by a pro-
nounced number of compounds not only with different chemical composition but 
also with different stoichiometry and even a water containing compound. The 
structures also differ in their unit cell parameters and symmetry which indicates 
great mobility of the “glaserite” topology. The studied compounds crystalize in 
hexagonal, monoclinic and triclinic space groups and their cell volumes vary be-
tween 163.66 Å3 and 1042.38 Å3. A new general definition for “glaserite” topology 
XY2(TMO4)2 is proposed (Fig. 1). The (TMO4)2 layer is defined as a main building 
unit while X and Y cationic positions could be empty, partially or fully occupied.

For better understanding the geometrical features of this topology we in-
troduce parameters expressing the relations between its compositional diversity 

Fig. 1. Schematic presentation of the “glaserite” topology
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and topological versatility. The ratio between the ionic radii of the octahedrally 
and tetrahedrally coordinated cations varies in the range from 1.29 to 8.5 Å. Such 
wide range allows a great number of possible combinations for the layer compo-
sition. On the other hand, the difference of the ionic radii of the extra-framework 
X cation and the octahedrally coordinated M cation varies from 0 to 1.345 Å. The 
compositional diversity suggests variety in the layer charge which on its side af-
fects the degree of X and Y position’s occupancy. Both characteristics play a key 
role in defining the versatility of glaserite topology which is expressed by the re-
markable variety of X and Y coordination numbers. The performed analyses allow 
structure modeling, prediction, and evaluation of properties for new compounds.

14. Mössbauer, XRD and complex thermal analysis of the hydration 
of cement with fly ash (V. Lilkov, O. Petrov, Y. Tzvetanova, P. Savov,  
M. Kadiyski)

Hydration of cement with and without fly ash is studied with Mössbauer 
spectroscopy, XRD and thermal analysis. Iron in cement is present as Fe3+-ions 
and occupies two octahedral positions, with close isomer shifts and quadrupole 

Fig. 1. Mössbauer spectra of cement paste with addition of fly ash PC1FA  
at different ages of hydration
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splittings. Iron in fly ash is present as Fe2+ and Fe3+ and the Mössbauer spectra 
display three doublets – two for Fe3+ in octahedral coordination and one for Fe2+. 
A third doublet was registered in the hydrating plain cement pastes after the 5th 
day, due to Fe3+ in tetrahedral coordination in the structure of the newly-formed 
mono-sulphatealuminate. In cement pastes with fly ash the doublet of tetrahedral 
iron forms earlier because the quantity of ettringite and portlandite is lower and 
much mono-sulphate crystallizes (Fig. 1). No Fe(OH)3 phase forms during hydra-
tion of С4АF (Fig. 2). 

The fly ash displays pozzolanic properties, which lead to lowering of the 
portlandite quantity in the cement mixtures and increasing of the high-tempera-
ture products [73].

15. TG–DTG–DTA in studying white self-compacting cement mortars 
(V. Petkova, V. Stoyanov, Y. Pelovski)

Self-compacting cement mortars and concretes are characterized with an 
excellent workability and with high early strengths, which makes them suitable 

Fig. 2. Powder XRD patterns of the cement paste with fly ash (РС1FA)  
at different ages of hydration



50

for elements in pre-cast concrete. Both dense structure and nondefected surface 
of self-compacting mixes are achieved by the incorporation of relatively large 
amounts of fine mineral additives and use of polycarboxylate admixtures. All 
these advantages determine the great potential for manufacturing of architectural 
elements and details. However, a lot of features in the structure-formation and 
the hardening of these systems need a further clarification. The authors investigate 
in this study the evolution of the process of curing and the crystal formation up to 
the 120th days of water-curing. Moreover, the effects of replacement of 10 wt% 
white cement with natural zeolite are studied. Special attention is paid to the 
thermal analysis through which one determines the effects of dehydration of the 
new-formed crystal hydrates, de-carbonization of carbonate-containing phases, 
and zeolite incorporation. Two types of referent samples have been used in or-
der to estimate the differences in the thermal behaviour of the self-compacting 
mortars. The thermal experiments were complemented with physical-mechanical 
and structural measurements, including mercury intrusion porosimetry, powder 
X-ray diffraction and scanning electron microscopy. Experiments and analysis, 
both determining the development of the microstructure, indicate the formation of 
a dense structure of white selfcompacting mortars. This is achieved at the early 
age impeding the growth of new crystals. The incorporation of zeolite increases 
the early strengths of samples, thus making the structure denser, and completely 
blocking the water permeability. As the zeolite is a soft and ductile mineral, it 

Fig. 1. Evolution of total porosity during water curing
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can be expected that the volume deformations of microstructure of the zeolite-
containing mortars, are reduced [26].

16. Structure of white cement mortars with high content of marble 
powder (V. Stoyanov, B. Kostova, V. Petkova, Y. Pelovski)

In this study, three types of cementitious composites based on (i) white Port-
land cement and sand (cement-to-aggregate 1:3, and water-to-cement 0.50),  
(ii) white Portland cement and marble powder (cement-to-aggregate 1:2, and 

Fig. 1. SEM micrographs of crystal hydrated phase of samples at 28  
and 120 days of water curing
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water-to-cement 0.60), and (iii) white Portland cement and marble powder with 
polycarboxylatebased admixture (HRWR) (cement-to-aggregate 1:2, and water-
to-cement 0.40 + HRWR) were studied. Their states after 28 and 120 days of 
water curing were evaluated by measurement of physical–mechanical proper-
ties, such as density, compressive strength and porosity. Thermal analysis, X-ray 
diffraction analysis and scanning electron microscopy were used to identify the 
crystal phases and their morphology [33]. 

The experimental data show that the white cement mortars with higher water 
content exhibit larder variety of newly formed phases, like hydration products of 
the C–S–H type. The structure of mortars with polycarboxylate-based admixture 
is so dense that there is no possibility for crystal hydrates development at late 
curing ages. The use of marble as a filler leads to a partial inclusion of carbonate 
ions in the newly formed hydrated phases (carbo-aluminates).

17. TG-FTIR/MS analysis of thermal and kinetic characteristics of some 
coal samples (T. Kaljuvee, M. Keelman, A. Trikkel, V. Petkova)

Thermooxidative decomposition (TOD) of seven coal samples from different 
deposits (Bulgaria, Russia, Ukraine) was studied using coupled TG-FTIR/MS tech-
nique. The experiments with a Setaram Setsys 1750 or Labsys Evo 1600 ther-
moanalyzers coupled to a Nicolet 380 FTIR Spectrometer or Pfeiffer mass spec-
trometer by a heated transfer line were carried out under non-isothermal heating 
conditions up to 1000 °C at the heating rates of 1, 2, 5, 10 and 20 °C min–1 in a 
stream of 80% argon and 20% oxygen (flow rate 60 mL min–1). Standard 100 µL 
alumina crucibles were used, the mass of samples was 10 ± 0.2 mg. A model-
free kinetic analysis approach based on the differential isoconversional method of 
Friedman was used to calculate the kinetic parameters.

The TOD of organic matter and fixed carbon contained in coal samples pro-
ceeds roughly in two steps – the first one corresponds to the thermooxidation 
of lighter part of organic matter and the second one to the thermooxidation of 
heavier part of organic matter and fixed carbon as well as to the thermooxidation 
of pyrite. At lower heating rates (1, 2 and 5 °C min–1) these steps can be quite 
clearly distinguished, however, not completely. The steps were better differenti-
ated in the case of Bulgarian coal samples which are characterized by higher 
content of volatile matter (higher relationship of H/Cmole) as compared to Rus-
sian and Ukrainian coal samples. The first step lasted at lower heating rates, 
depending on the origin of the sample, up to 300–380 °C, the second step 
up to 550–750 °C. The total mass loss considering both steps of thermooxida-
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tion remained in between 60–89% being in good correlation with the content of 
organic matter and fixed carbon in the samples studied.

The combined TG-FTIR and TG-MS study of TOD of the coal samples made 
it possible to identify a number of gaseous species formed and evolved as well 
as to determine the differences in the intensities of emission profiles of these 
species depending on the origin of coal. In addition to CO2 and H2O as the two 
major gaseous products, the emission of methane, CO, acetic and formic acids, 
formaldehyde, ethylene, SO2, chlorobenzene and NH3 were clearly fixed for all 
the samples studied. The formation of ethane, HCl, acetaldehyde , ethanol and 
HCN was fixed at least on the level of traces. The absorption bands characteristic 
to COS and methanol were clearly seen in the FTIR spectra of Bulgarian coal 
samples, whereas for the other coals these compounds were present on the level 
of traces only [70].

The value of activation energy in the conversion level range 0.1–0.9 varied 
for Bulgarian coal samples having higher content of mineral matter much more 
than for Russian and Ukrainian coals. For example, for Russian and Ukrainian 
coal samples from 23.5 to 84.1 kJ mol–1, and for Bulgarian coal samples from 
31.9 to 216.6 kJ mol–1, were observed.

Fig. 1. Thermoanalytical curves and emission profiles of some gaseous compounds  
evolved at thermooxidation of Bulgarian coal 4 (a) and Russian coal 2 (b) at the heating  

rate of 10 °C min–1
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So, depending on the origin of fuel sample and on the heating rate at ther-
mal treatment, essential differences were ascertained in the thermal behavior of 
the coal samples studied as well as in the activation energy values at different 
conversion levels.

18. The effect of mechano-chemical activation on the chemical activ-
ity, structural and thermal properties of carbonate substituted apatite 
from Syria (V. Petkova, V. Yaneva)

Syrian phosphorite is mechano-chemically activated in planetary mill. This 
method is an alternative for environmental protection overcoming the disadvan-
tages of the traditional processing of phosphate raw materials at which environ-
mental pollution by solid phase and gaseous technogenic products takes place. 
Chemical, powder XRD, spectroscopic and thermal methods are used to evalu-
ate the impact of the mechano-chemical treatment over the structural and phase 
changes. As a result a metastable, highly dispersive, natural apatite product is 
obtained. The results from the chemical, spectroscopic, and powder XRD meth-
ods give evidence for the formation of a mixture of fluorine apatite, hydroxyl car-
bonate apatite, and hydroxyl carbonate fluorine apatite taking place during the 
activation period. The following new phases are also formed and confirmed as a 
consequence of these changes: β-Ca(PO3)2, α,β-Ca3(PO4)2, Ca2P2O7. 

The results from the thermal analysis give evidence for the presence of sub-
stantial structural and phase transformations which have occurred in the samples 
of Syrian phosphorite during the period of activation. The registered thermal effects 
are connected with: (i) the thermal decomposition of CaH2P2O7, obtained during the 
period of activation; (ii) release of the in-built carbonate groups in the vacancies of the 
calcium ions which characterize the transformation of carbonate-fluorine-apatite type 
B into carbonate-fluorine-apatite type A or AB during the period of activation. 

This result finds out a perspective direction for processing the phosphate 
raw materials by means of tribo-thermal treatment aiming at obtaining condensed 
phosphates suitable for application as slowly acting fertilizers [27, 28].

19. IR spectroscopic study of high energy activated Tunisian phospho-
rite (V. Koleva, V. Petkova)

The IR spectra of natural Tunisian phosphorite before and after high energy 
milling recorded at ambient and liquid nitrogen temperatures are presented and 
thoroughly interpreted in respect to the vibrations of the main entities: phosphate 
and carbonate ions, OH groups and water molecules. The detailed interpretation 
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of the IR spectra gives valuable information on the structural changes accom-
panying the milling process, which are responsible in a large degree for the in-
creased almost three times solubility of the as-activated samples. It is established 
that the most significant structural changes are caused by the very fast inclusion 
in the apatite structure of additional carbonate species from air. The distribution 
of CO3

2– between B and A sites is analysed on the basis of Gaussian fitted spec-
tra in the region of carbonate ν3 and ν2 bands. The carbonate ions are primary 
distributed over the two B and A sites with slight preference for the A sites, but 
the prolonged milling leads to a subsequent migration of the carbonate ions from 
the B sites to the A sites. The relative part of the A carbonates increases progres-
sively with the prolonged milling, which contributes to the increased solubility of 
the milled samples [16].

4.4. Synthesis, Composition, Structure, and Properties of Minerals  
and New Materials

20. Synthesis, structure determination and temperature-induced 
phase transformations of the “glaserite” type zirconosilicate 
Na3HZrSi2O8.0.4H2O (V. Kostov-Kytin, R. Nikolova, D. Nihtianova, T. Ker
estedjian, P. Bezdicka)

A hydrous sodium zirconosilicate material with “glaserite” type structure and 
generalized formula Na3–xH1+xZrSi2O8.yH2O, 0<x<3, 0<y<1 is synthesized in the 
system Na2O:ZrO2:SiO2:H2O at 200 °C. Its crystal structure is composed of zirco-

Fig. 1. LNT-IR spectra in the region of 
1800–800 cm–1 of Tunisian phosphorite after 
ball milling with relative shifting one towards 
another; 1 – TF0; 2 – TF10; 3 – TF30; 4 – 
TF60; 5 – TF120 and 6 – TF240, where the 
figures correspond to the milling time in min
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nium and silicon polyhedra connected to build layers additionally stacked to form 
3D zipper-like network. Within the network there are cavities interconnected to 
channels with irregular shapes where the sodium atoms and water molecules re-
side (Fig. 1). It is found that with synthesis duration the crystal structure gradually 
transforms from higher symmetrical into triclinic one. The structure of the triclinic 
form – Na3HZrSi2O8.0.4H2O was refined from powder diffraction data. It crystal-
lizes in the space group P1

–
 with lattice parameters a = 9.05234, b = 5.56121,  

c = 6.96219 Å, α = 92.178, β = 90.839, γ = 90.288°. To the best of our knowledge 
the studied compound is the only water-containing material with “glaserite” type 
structure [18].

DTA-TG and powder XRD analyses are used to study the occurring 
upon heating structural transformations of the “glaserite” type zirconosilicate 

Fig. 1. Crystal structure of Na3HZrSi2O8.0.4H2O; layer construction (a)  
interlayer atoms filling (b)

Fig. 2. Schematic presentation of two pathways in the thermal evolution of Na3HZrSi2O8.0.4H2O; 
A – stepwise heated to 1000 °C; B – gradually heated to the same temperature. All the structures are 

drawn in a direction parallel to c crystallographic axis
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Na3HZrSi2O8.0.4H2O. The title compound undergoes energetically favored irre-
versible topotactic dehydration within the temperature range 200–400 °C. Es-
sential structural transformations occur only after 700 °C, however, the phase 
composition of the run-product strongly depends on the conditions of thermal 
treatment. In all cases, the predominant phase at 1000 °C is the NASICON type 
zirconosilicate – Na4Zr2Si3O12. The concomitant compound is either Na2SiO3 
or the parakeldyshite synthetic analog – Na2ZrSi2O7. The mechanism of structural 
transformation and certain structural relationships are discussed in terms of the crys-
tal chemical peculiarities of the initial compound and the run-products (Fig. 2) [71].

21. Synthesis, XRD and TEM investigations of Al2–xInx(WO4)3 solid so-
lutions (D. Nihtianova, P. Tzvetkov, N. Velichkova, A. Yordanova, I. Ko-
seva, V. Nikolov)

The object of our investigation were Al2–xInx(WO4)3 solid solutions with 
(0 ≤ x ≤ 2). These materials have many potential applications such as: special 
ceramics because of low coefficient of thermal expansion; gas sensors, because 
of their Al3+ or In3+ conductivity and laser active media for tunable lasers with 
wide emission spectra in the range between 700–1100 nm, being doped by Cr3+. 
The main thermal, conductive, as well as optical properties could be modified in 

[101]

Fig. 1. Bright field micrograph of AlIn(WO4)3 particle, 
experimental SAED pattern from it and corresponding 

calculated picture in orientation [101]
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a wide range changing the chemical composition of the solid solution. The main 
aim of the present investigation was to find the controllable conditions for the 
syntheses of these materials and to obtain the main structural characteristics. A 
special part of the investigation was to determine the phase transition between 
Pnca and P21/a space groups for different compositions. Nano-sized powders 
were obtained for a first time by co-precipitation method from aqueous solu-
tions of Na2WO4.2H2O and Me(NO3)3.xH2O with Me(Al, In) in required propor-
tion. It was established that pure phase of that solid solution can be obtained 
only at exact value of the pH. For the end member In2(WO4)3 the pH must be 
kept in the range between 2.8 and 3.0. The phase compositions and unit cell 
parameters were determined by XRD. These data were used for detailed inter-
pretation of TEM (SAED, HRTEM) results. XRD and TEM analyses show that 
at room temperature solid solutions in the range (0 ≤ x ≤ 1.1) are orthorhombic 
with space group Pnca. The samples with x >1.1 were indexed in monoclinic 
space group P21/a.

The XRD and TEM (SAED, HRTEM) results fully confirm the successful 
syntheses of the solid solutions with controllable chemical composition and parti-
cle size dimension from 10 to 100 nm in the whole range [17].

22. Crystal Structure and Hydration State of Co- and Sr-exchanged GTS 
type Titanosilicates (R. Titorenkova, K. Fujiwara, T. Tamaki, C. Kishimori, 
A. Nakatsuka, N. Nakayama)

Crystal structure and dehydration behavior of a series of Co- and Sr-exchang
ed nano-sized microporous GTS-type titanosilicates, (Na,Sr,Co)4Ti4Si3O16 nH2O 
were studied by powder XRD, TEM, TG-DTA and vibration spectroscopy. 

Fig. 2. Fourier filtered HRTEM image 
of AlIn(WO4)3 sample in orientation 

[101]
[101]
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GTS-type microporous titanosilicates exhibit a 3-dimensional tunnel-type 
structure. The crystal structures of K-, Cs- and HGTS (K3HTi4Si3O16·4H2O, 
Cs3HTi4Si3O16·4H2O and H4Ti4Si3O16·8H2O) are cubic (pharmacosiderite type,  
P4

–
3m), while Na-GTS (Na4Ti4Si3O16·6H2O) shows rhombohedral symmetry 

(R3m). However, the crystal structures of GTS ion-exchanged forms with divalent 
cations (Co2+, Ca2+, Sr2+, Ba2+, etc.) have not been reported, although the ion ex-
change properties of these divalent ion-exchanged forms have been published.

The initial Na-GTS samples were synthesized hydrothermally at 100 °C. 
Co2+ and Sr2+ exchanged GTS forms were obtained by shaking 1.0 g of a single-
phase Na-GTS sample in the aqueous solutions of CoCl2 (25 ml, 0.025–1.0M) 
at room temperature for 1 hour and SrCl2 (25 ml, 0.025–1.0M), respectively. The 
samples were filtrated, washed, and dried at 40 °C.

Samples with composition 0.25 ≤ x ≤ 0.95 in the formula Na4–2xCoxTi4Si3O16 
were obtained after treatment of Na-GTS in CoCl2 aqueous solutions. The atomic 
composition measured by TEM-EDX indicates that more than 90% Na+ ions is 
exchanged by Co2+ in the sample Co 0.5M GTS (shaken in 0.5M solution).

Powder XRD patterns of these samples showed that the increase in the con-
centration of CoCl2 solutions leads to narrowing of several peaks (typical pseudo-
cubic 211 peak), shifting to the lower 2θ  side and to changes in the intensity ratio 
(Fig. 1). The diffraction profiles could be fitted to the calculated profiles assuming 
trigonal unit cells. The lattice parameters of the sample treated with 0.5M CoCl2 

Fig. 1. XRD patterns of the initial NaGTS, 
Co- and Sr-exchanged GTS using 0.5M 
CoCl2 and SrCl2 aq. solutions, respectively. 
The line drawings show calculated XRD 

profiles as-suming trigonal unit cell
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solution are a = 7.860(1) Å and α = 89.57(3)°, whereas those of pristine Na-GTS 
are a = 7.821(1) Å and α = 89.08(2)°.

Samples with ideal composition x = 1.0 and 0.4 in the formula of  
Na4–2xSrxTi4Si3O16 were obtained after treatment of Na-GTS in 0.5M and 0.02M 
SrCl2 aqueous solutions. Their XRD patterns were analyzed as a trigonal system, 
which found a reduction of lattice parameter a, compared with that of Na-GTS. 

The lattice parameters for x = 1.0 are a = 7.787(1) Å and α = 89.47(2)°, 
whereas those of x = 0.4 are a = 7.797(1) Å and α = 89.38(3)°. Contrary to the 
Co-exchanged samples, the lattice parameter a decreases with increasing con-
centration of Sr. Furthermore, there is a difference in the intensity ratio of the 
peaks compared with that of Na-GTS and Co-exchanged GTS. The simulation 
of the XRD peak intensities indicates that the Co and Sr atoms occupy the sites 
shifted from the ring center of the framework windows.

TG-DTA measurements of Co-exchanged samples indicate a slight in-
crease of water content in samples with higher Co content (total weight loss 
of 22 wt.% for a sample treated in 0.5M solution), although the temperature of 
dehydration remains almost the same (~250 °C) or slightly lower (233 °C for 
CoGTS 0.5M). The Sr-exchanged sample with x~1 contains less water (total 
weight loss 15 wt.%), revealing a broader endotherm peak around 230–240 °C 
due to the dehydration (Fig. 2). 

Fig. 2. TG-DTA curves of initial 
NaGTS (a), Co-exchanged (b) 

and Sr- exchanged (c) GTS
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FT-IR spectra of Sr-exchanged samples with various concentrations do 
not present significant differences compared with the spectrum of NaGTS. The 
only change is in the range of water vibrations. In the spectrum of Sr-exchanged 
form (0.5M) the maximum intensity of the peak due to O–H stretching is around 
3400 cm–1, while in the spectrum of initial NaGTS there are two sharp peaks 
around 3200 and 3450 cm–1, the low frequency peak being more intense. In the 
spectrum of Co-GTS (0.5M) peaks due to Ti-O (570 cm–1) and Si–O stretching 
(885 cm–1) are shifted to higher wavenumbers as compared with the NaGTS 
(Fig. 3). This observation reveals the role of Co2+ as a Si–O–Ti framework 
modifier [115].

23. Crystal structures of Mg2+, Ba2+ and Cs+ exchanged ETS-4 at 
RT and 120K (L. Tsvetanowa, L. Dimowa, S. Ferdov, B. Shivachev,  
R. Nikolova)

Microporous titanosilicate K-Na-ETS-4 (Fig. 1) has been synthesized and 
exchanged to Mg2+, Ba2+, and Cs+ forms. The crystal structures were analyzed 
by single crystal X-ray diffraction, the chemical compositions were confirmed by 
energy dispersive X-ray spectroscopy and thermogravimetric analyses. Here we 
compare the structural parameters of the ion exchanged samples measured at 
room temperature (RT) and at 150K (LT). 

The conducted ion exchange preserves the orthorhombic Cmmm structural 
symmetry. The structural analyses show that Mg2+ and Cs+ ions exchanged par-
tially the Na+ and K+ while Ba2+ exchanged them fully. It is also evident that the 

Fig. 3. IR spectra of initial Na 
GTS, Co- exchanged and Sr-ex

changed GTS
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cation exchange influences the unit cell volume in order that does not correlate 
with the size of the included cations: Cs – 1169.6(7) Å3 > K-Na – 1167.6(7) Å3 > 
Mg – 1165.5(4) Å3 > Ba – 1104.6(7) Å3 ETS-4. The data collected at low tempera-
tures indicate lowering of the cell volume only for (Cs) ETS-4 and (Mg) ETS-4 
samples (Table 1). Low temperature analogues of exchanged forms: most of the 
atomic positions remain the same but are slightly shifted from their original posi-
tions. In the case of Cs-ETS-4 the Cs1 position is split to Cs11 and Cs12. 

Fig. 1. Crystal structure of (Na, K) ETS-4

Table 1. Structural parameters for the studied compounds

ETS-4 a (RT) a (LT) b (RT) b (LT) c (RT) c (LT) V (RT) V (LT)
Na, K 22.979 7.174 6.706 1105.5 1105.5
Ba 22.979 22.941 7.174 7.169 6.706 6.721 1105.5 1105.5
Cs 23.214 23.120 7.258 7.213 6.941 6.931 1169.6 1156.1
Mg 23.242 23.198 7.205 7.177 6.959 6.948 1165.5 1157.0

Na and K ions in ETS4 could be fully exchanged by Ba ions and only par-
tially by Mg and Cs ions. The Ba exchange contracts the ETS-4 structure, most 
probably due to the higher ionic potential of the Ba2+ ion. The LT conditions also 
enhance the structure contraction of Mg and Cs ETS-4, as the contraction poten-
tial of these structures is not consumed due to partial ion exchange. LT experi-
ment allows more precise refinement of the atomic coordinates [116].

24. Natural and Zn exchanged clinoptilolite: in situ high temperature 
XRD study of structural behavior and cation positions (L. Dimowa,  
S. Petrov, B. Shivachev)

The thermal stability of clinoptilolite structure is reported to vary in a relative-
ly wide range 600–800 °C depending on the types, sizes and site occupancies of 
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the cations. The aim of this study is to investigate and compare the thermal stabil-
ity a natural monomineral clinoptilolite sample (CP) containing the most common 
cations: Na, Ca, K and Mg and its Zn-exchanged analogue (CZN) having a high 
Zn content of 2.23 atomic percent. 

The compositional and structural state of both samples was monitored by 
XRD, collected before and after each heating/cooling cycle as well as at each 
heating step. Another Cpt sample, a K-exchanged clinoptilolite known for its high 
thermal resistance was included in the high temperature (HT) experiment as a 
reference for the reliability off the applied heating procedures.

Two different modes of heating were applied: conventional with time-de-
pendent heating/cooling cycles in an electric oven and in situ with the sample 
mounted on a HT-attachment and continuously heated. 

At the conventional stationary heating mode the samples were heated up to 
600 °C and retained for 3 and 6 hours. With retention time of 3 hours CP structure 
collapses, while that one of CZN is stable and does not show structural changes 
as evidenced by XRD patterns. On a prolonged retention time of 6 hours both 
structures collapse.

At in situ heating mode the temperature was raised up to 800 °C with 
heating/retention steps at every 100 °C. The structure of CP sample collapsed 
around 600 °C, while that one of CZN is again the more stable one and keeps 
its integrity up to 700 °C.

For better understanding of the improved stability of CZN over CP a Rietveld 
refinement was performed on diffraction patterns from both samples taken at 300 

Fig. 1. CP and CZN structures and cation positions refined by using Rietveld method
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and 500 °C. The visualizations of the CP and CZN structures at RT, 300 and 500 °C 
are shown (Fig. 1). Initially, it was assumed that the high Zn-content in CZN struc-
ture is the one that caused its higher thermal stability. However, the structural 
refinement on the patterns of heated samples reveals the fact that the increase of 
the temperatures causes displacement of the cations along a and c-axis leading 
to change of their initial Wyckoff positions from (2c) to (8j). In CP only Mg2+ under-
goes such positional changes, while Na+, K+ and Ca2+ positions remain almost 
unchanged. In the structure of CZN all three zinc positions move during the heat-
ing and two of them Zn1 and Zn2 transform their initial positions from (2c) to (4i) 
and finally to (8j). We assume that this movement could be a factor that increases 
HT stability of CZN structure. In the case of CP, Mg-position is subject to maximal 
displacement. However its very low occupancy is not sufficient to maintain the 
integrity of the structure above 600 °C. In contrast, the Zn-sites in CZN structure 
are highly occupied and their HT displacement and re-arrangement, most likely 
have an effect on charge-balance between the framework and the cations that 
leads to the observed higher stability of CZN structure. The smaller size of Zn2+ 
compared with larger Na+, K+ and Ca2+ is in favor for its mobility.

On the other hand, Zn positions cannot be fully occupied even at high tem-
peratures due to the limitations imposed by the existing framework’s charge. 
Thus, the initial low symmetry cation positions at RT could uptake only three 
divalent cations per unit cell. and because of this the observed thermal stability 
of CZN can exist only for a limited time and eventually would collapse as it was 
observed [85]. 

25. Silver modified Merlinoite as catalyst for environmental protection 
problems solution (L. Dimitrov, V. Georgiev, T. Batakliev, S. Todorova,  
S. Rakovsky)

Merlinoite is a small pore, predominantly potassium, alumo-silicate with unit 
cell ideal formula K11Al11Si21O64 × 20H2O. According to the International Zeo-
lite Association it possesses topology labeled MER. The maximum diameter of a 
sphere that can diffuse along the axis a is 3.12 Å, b – 3.12 Å and c – 4.20 Å [83].

The MER zeolite was reproducibly synthesized in potassium system apply-
ing as silica and alumina source naturally occurring perlite rock from Kurdzhali 
region (BG). The merlnioite, its ammonium exchanged and cerium oxide modified 
forms were impregnated with 5 wt.% Ag. The measurements of ozone degradation 
were performed at flow rate of 6.0 l h–1 and ozone concentration of 15 000 ppm 
at room temperature. Ozone was generated by passing dry oxygen through a 
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high-voltage silent-discharge ozone generator. 
The inlet and outlet ozone concentrations were 
monitored using an UV absorption-type BMT 964 
ozone analyzer. Carbon monoxide oxidation was 
performed in a continuously flow test unit using 
1% O2 + 1% CO mixture and He as a carrier at 
Gas Hourly Space Velocity (GHSV) 15 000 h–1. 
The results are compared with a reference silver 
catalyst prepared with a silica carrier. The silver 
supported MER catalyst (Ag-MER) shows higher 

catalytic activity in the reaction of carbon monoxide oxidation than the reference 
catalyst.

SEM of obtained MER zeolite, bar 
length 1 μm

Ozone degradation at RT on studied silver 
modified MER samples

Carbon monoxide oxidation on studied 
silver modified MER samples

Small pore zeolite merlinoite, prepared form natural rock perlite could be 
successfully applied as a support for modification with silver. The catalyst, 5 wt.% 
Ag-MER, shows good catalytic activity in reactions of ozone decomposition and 
CO oxidation, reaching complete ozone decomposition after about 30 min from 
the start of the reaction and complete CO conversion to CO2 at about 235 °C 
respectively. 

26. Size and distribution of Pt nanoparticles in LDH nanocomposites at 
different temperatures (D. Karashanova, N. Petrova, D. Kostadinova)

Nanocomposite as a promising material for catalytic applications was suc-
cesfully synthesized from multicationic layered double hydroxides (LDHs) and 
platinum nanoparticles (PtNPs). The Pt–LDH nanocomposite was prepared from 
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NO3–LDH by anionic exchange in a 2% aqueous suspension of Pt-based nano-
particles ([citrate]/[Pt])=3.45; ([OH]/[Pt])=7.95). The nanocomposite layer struc-
ture was characterized by XRD and IR analyses and the thermal behaviour by 
DTA-TG. The observed interlayer contraction can be explained by the grafting of 
interlayer organic anions onto the hydroxyl layers. 

XRD patterns of the Pt nanocomposite show that the layer structure trans-
forms into mixed oxide and spinel-like structure at 500 and 1000 °C, respectively. 
At the same time, the reflections of metallic platinum become sharp, which indi-
cates increasing of both the size and crystallinity of Pt particles with the heating 
temperature. The change of the mean size and the size distribution of the PtNPs 
at room temperature and after heat treatment of the samples at 500 °C and 1000 
°C were observed by TEM (Fig. 1 and 2). The intercalated in the support PtNPs 
were coalesced under heating. Spherical and highly dispersed nanopatricles 

Fig. 1. Bright field TEM images and corresponding SAED patterns of Pt nanocomposites  
at room temperature (a), 500 °C (b) and 1000 °C (c)

Fig. 2. Size distributions of PtNPs in the samples presented on Fig. 1
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were observed at room temperature while rough and granular aggregates were 
formed at 500 °C and large, dense and well-faceted particles at 1000 °C. Thus, 
the layer structure of the catalytic nanocomposite favors in best way the fine dis-
tribution and nanosize control of the Pt particles [15].

27. Nonlinear refractive index measurement by subpicosecond z-scan 
method of new tellurite multicomponent glassy matrix having nonline-
ar susceptibility (G. Yankov, I. Stefanov, K. Dimitrov, L. Dimowa, I. Piroe
va, M. Tarassov, B. Shivachev, H. Yoneda, T. Petrov)

Tellurite glasses are promising materials for laser technology because of 
their extended visible and infrared (IR) transmission range as well as their high 
refractive linear and nonlinear indices and amongst oxide glasses they possess 
the highest nonlinear susceptibility. Moreover, they are relatively easily produc-
ible due to their relatively low melting temperatures. Tellurite glasses with heavy 
metal oxides were found to show remarkable physical and optical properties. 
Second harmonic generation (SHG) and sum frequency generation in thermally 
or thermally assisted electro poled tellurite glass matrix was reported previously. 
Therefore, the non-linear refractive index n2 is very important for the appear-
ance of second order susceptibility in the glassy matrix. Transparent glasses with 
optical quality and nominal composition of (1–2x) TeO2–xGeO2–xLi2O (TGL–x), 
x = 0.10, 0.15, 0.20 mol %, were prepared using conventional melt-quenching 
technique (Fig. 1).

The as synthesized glasses show good thermal stability, with respect to oth-
er tellurite glasses. Second and third order harmonic generation was observed 
for electrically poled TGL samples [78]. SHG generation from non-poled TGL 
samples was also observed due to piezo or optical poling.

Fig. 1. Samples of the obtained glasses
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5. International Cooperation

“High Brightness COnical REfraction Lasers” (HiCORE)•	  – a joint re-
search project between IMC and the University of Dundee, University of 
Stuttgart and four innovative companies from Bulgaria, Spain, Switzerland 
and United Kingdom, funded by the 7th Framework Programme of the 
European Union, SP4-Capacities, Research for Small and Medium-Sized 
Enterprises (SMEs).
“Safety evaluation of manufactured nanomaterials by characteriza-•	
tion of their potential genotoxic hazard” (NANOGENOTOX) – a joint 
research project between IMC and 15 organizations (governmental and 
scientific institutions) from 10 EU member states, funded by the Executive 
Agency for Health and Consumers (EAHC) under the European Commis-
sion’s Health Programme and coordinated by the French Agency for Food, 
Environmental and Occupational Health & Safety (ANSES).
“RISK management of natural and anthropogenic landsLIDES in the •	
Greek-Bulgarian cross-border area” (RISKLIDES) – a joint research 
project between IMC and the Alexander Technological Education Institute 
of Thessaloniki, Department of Civil Infrastructure Engineering, Laboratory 
of Geomechanics, funded by the European Territorial Cooperation Pro-
gramme Greece-Bulgaria 2007–2013.
“Structural studies of nanosized porous and layered materials”•	  – a 
joint research project between IMC and the Institute of Inorganic Chemis-
try, Chezh Academy of Sciences, under the bilateral academic agreement 
with equivalent non-currency exchange.
“Preparation of organo-mineral composites for soil amendment”•	  – a 
joint research project between IMC and the Tallinn Technical University 
and the Estonian Academy of Sciences, under the bilateral academic 
agreement with equivalent non-currency exchange. 
“Minerals of rare elements in granites of S- and A-types on the ex-•	
ample of peraluminous granites of Bulgaria and alkaline granites of 
the Kola Peninsula, Russia” – a joint research project between IMC and 
the Geological Institute of the Kola Science Centre of the RAS, under the 
bilateral academic agreement with equivalent non-currency exchange.
“Zeolite-polymer hybrid materials with tailored properties” •	 – a joint 
research project between IMC and the Institute of Macromolecular Chem-
istry, Romanian Academy of Sciences, under the bilateral academic agree-
ment with equivalent non-currency exchange.
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6. Visiting Scientists

D.Sc. Stanislav Vassilev – National Expert of Bulgaria in the Joint Research 
Center of the European Commission, Institute for Energy, Petten site, The 
Netherlands

Dr. Boriana Mihailova – Visitor-professor on “Spectroscopy of minerals” 
and “Crystal Physics” at the Faculty of Earth Sciences, University of Ham-
burg, Germany

Dr. Stanislav Ferdov – Researcher in the Department of Physics, University 
of Minho, Guimaraes, Portugal

Dr. Rositsa Titorenkova – Postdoctoral position in the Department of Advanced 
Materials Science and Engineering, Yamaguchi University, Ube, Japan

7. Research Topics, Announced for International Partnership Collaboration

Advanced multicomponent utilization of fly ashes from European coal-
fired power stations
One of the environmental problems in Europe is the utilization of fly ashes (FAs) 

from coal-fired thermoelectric power stations (TPSs). This potential investigation will 
include characterization of various products recovered from FAs at European TPSs 
in an attempt for multicomponent FA utilization (MFAU). The MFAU is a necessary 
and unavoidable process due to the complex, heterogeneous and unique polycom-
ponent composition of FA. The purpose will be: (i) to demonstrate how a low-cost 
waste can be transformed into useful, high-grade and valuable materials, which may 
find various applications; (ii) to provide a basis for the advanced, multicomponent, 
wasteless and environmentally friendly utilization of various FAs. The knowledge 
about the composition of FAs is sufficient to start an advanced and effective MFAU.

Structure and properties of new multifunctional materials
Synthesis and investigation of new materials of practical importance (nano-

sized zeolite-type natural and synthetic materials and thin films; ferric iron oxide 
materials; catalysts based on micro- and mesoporous carriers for removal of soot 
and nitrogen oxides from exhausted gasses; titanosilicate porous materials for 
ion-exchange, sorbents, and catalytic systems; materials for optical and mag-
netic storage and processing of information; preparation and investigation of coal 
char based sorbents and catalysts). Characterization methods: X-ray diffraction, 
electron microscopy, Raman scattering and infrared absorption spectroscopies, 
optical measurements and chemical analysis. Education: M.Sc. and PhD in Min-
eralogy, Crystallography and Materials Science.
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8. Publications and Reports at Scientific Forums

8.1. Monographs

Mouhovski, J.1.	  2012. Optical fluorides purification and crystal growing applicability 
and perspectives, 1st ed. Acad. House “Prof. M. Drinov”, ISBN: 978-954-322-535-4, 
394 p.

8.2. Published Articles and Reports 
(indexed in Web of Science, IF or SJR)

Angel, R. J., T. Beirau, 2.	 B. Mihailova, C. Paulmann, U. Bismayer. 2012. The role of 
lone pairs in the ferroelastic phase transition in the palmierite-type lead phosphate-
arsenate solid solution. – Z. Kristallogr., 227, 585–593, ISSN: 0044-2968.
Atanassova, R., R. D. Vassileva, 3.	 M. Kadiyski, Z. Zlatev. 2012. Crystallographic, 
chemical and structural characteristics of harmotome from Zlatolist, Eastern Rho-
dopes, Bulgaria. – Bulg. Chem. Comm., 44 (Special Issue), 7–16.
Bachvarova-Nedelcheva, A., R. Iordanova, K. L. Kostov, St. Yordanov, 4.	 V. Ganev. 
2012. Structure and properties of a non-traditional glass containing TeO2, SeO2 and 
MoO3. – Optical Materials, 34, 1781–1787, ISSN: 0925-3467.
Beirau, T., 5.	 B. Mihailova, G. Matveeva, U. Kolb, T. Malcherek, L. Groat, U. Bismayer. 
2012. Structural anisotropy and annealing-induced nanoscale atoms arrangements 
in metamict titanite. – Am. Mineral., 97, 1354–1365, ISSN: 0003-004X.
Cherkezova-Zheleva, Z., K. Zaharieva, 6.	 V. Petkova, B. Kunev, I. Mitov. 2012. Prepa-
ration and investigation of nanodimensional nickel ferrite. – Bulg. Chem. Comm., 44 
(Special Issue), 24–29, ISSN: 0324-1130.
Dimowa, L. T.7.	 , S. L. Petrov, B. L. Shivachev. 2012. Molten Zn-exchanged clinoptilo-
lite – Structural behaviour and properties at high temperature. – Bul. Chem. Comm., 
44, 55–62, ISSN: 0324-1130.
Dobrikov, G., I. Philipova, 8.	 R. Nikolova, B. Shivachev, A. Chimov, V. Dimitrov. 2012. 
Functionalized organolithium reagents in the synthesis of chiral ligands for catalytic 
enantioselective addition of diethylzinc to aldehydes. – Polyhedron, 45, 1, 126–143, 
ISSN: 0277-5387.
Dodoff, N. I., 9.	 B. Shivachev, R. Nikolova, M. Lalia-Kantouri, V. Miletić, T. Pajpanova. 
2012. Synthesis and structure of bc-dichloro-af-dihydroxo-de-bis(N-3- pyridinylmeth-
anesulfonamide) platinum(IV) diydrate. – Jiegou Huaxue 31, 10, 1476–1482, ISSN: 
0254-5861.
Dul’kin, E, 10.	 B. Mihailova, M. Gospodinov, M. Roth. 2012. Effect of A-site La and Ba 
doping on the structural state of PbSc0.5Ta0.5O3 relaxor near the dielectric-permittivity 
maximum studied by acoustic emission. – J. Appl. Phys., 112, 064107/1-5, ISSN: 
0021-8979.
Dyulgerov, V., 11.	 R. Nikolova, L. Dimova, B. Shivachev. 2012. 3-Carboxyphenylbo-
ronic acid–theophylline (1/1). – Acta Cryst., E68, o2320, online ISSN: 1600-5368.
Ferdov, S.12.	  2012. Thermal flexibility of microporous titanosilicate with distorted phar-
macosiderite structure. – Microporous and Mesoporous Materials, 159, 96–99, ISSN: 
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Ferdov, S13.	 . Ferreira, R.A.S., Lin, Z., Wu, Z. 2012. Mild hydrothermal synthesis, crys-
tal structure, photoluminescence properties and emission quantum yield of a new 
zirconium germanate with garnet-type structure. – Journal of Solid State Chemistry, 
190, 18–23, ISSN: 0022-4596.
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Hamciuc, C., E. Hamciuc, 14.	 Yu. Kalvachev. 2012. The effect of Zeolite L content on 
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