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Ó ðîáîò³ çä³éñíåí³ äîñë³äæåííÿ çàáàðâëåííÿ åìàëåâèõ ñòåêîë, ÿê³ âì³ùóþòü â ñâîºìó
ñêëàä³ 25–55 ìîë.% Na2O, 15–45 ìîë.% B2O3, 24–53 ìîë.% SiO2, 5 ìîë.% ÂàÎ,
íàéá³ëüø ïîøèðåíèìè ³îííèìè áàðâíèêàìè CuO, CoO òà K2Cr2O7. Âñòàíîâëåí³
îñíîâí³ òåíäåíö³¿ çì³íè ¿õ êîë³ðíîãî òîíó òà ÷èñòîòè êîëüîðó â çàëåæíîñò³ â³ä ïî-
êàçíèêà êèñëîòíîñò³-îñíîâíîñò³ õ³ì³÷íîãî ñêëàäó ñêëà, ÿê³ îö³íþâàëè çà êîìïëåê-
ñíèì ðîçðàõóíêîâèì ïîêàçíèêîì â. Ó ðàç³ çàáàðâëåííÿ äîñë³äíîãî ñêëà êóïðóì(²²)
îêñèäîì ç³ çá³ëüøåííÿì îñíîâíîñò³ ñêëà â³äáóâàºòüñÿ çì³íà êîëüîðó â³ä ñèíüî-
çåëåíîãî (â=0,57, =491 íì) äî ñèíüî-ô³îëåòîâîãî (â=3,83, =400 íì) ó çâ’ÿçêó
ç³ çì³ùåííÿì ð³âíîâàãè Ñu+Ñu2+ â á³ê óòâîðåííÿ ³îíà Êóïðóìó ç³ ñòóïåíåì îêèñ-
íåííÿ 2+ òà, â³äïîâ³äíî, çá³ëüøåííÿì âì³ñòó ³íòåíñèâíî çàáàðâëþþ÷îãî «ñèíüîãî»
êîìïëåêñó [Ñu2+Î6]. Êîë³ð ñòåêîë, çàáàðâëåíèõ CîO, ç³ çá³ëüøåííÿì çíà÷åíü êîåô³-
ö³ºíòà â çì³íþºòüñÿ â³ä ïóðïóðíîãî (=518'–577' íì) äî ñèíüîãî (=456–477 íì)
ó çâ’ÿçêó ³ç óòâîðåííÿì ñï³ëüíî ç êîìïëåêñîì [Ñî2+Î4], ùî çàáàðâëþº ñêëî â ñèí³é
êîë³ð, òàêîæ êîìïëåêñó [Ñî2+Î6], ùî çàáàðâëþº ñêëî â ðîæåâèé êîë³ð; ïðè çì³øó-
âàíí³ ñèíüî-ô³îëåòîâèõ ³ ÷åðâîíèõ êîëüîð³â âèíèêàþòü ïóðïóðí³. Äëÿ á³ëüøîñò³
äîñë³äíèõ ñòåêîë, çàáàðâëåíèõ K2Cr2O7, êîë³ðíèé òîí ïðàêòè÷íî íå çàëåæèòü â³ä
çíà÷åíü êîåô³ö³ºíòà â. Âñòàíîâëåíî, ùî ëèøå îäíå ñêëî ç äîñë³äæåíèõ ç â=0,57
ìàº çåëåíèé êîë³ð (=514 íì), âñ³ ³íø³ ñòåêëà, ÿê³ ìàþòü çíà÷åííÿ â=1,02–3,83,
çàáàðâëåí³ â æîâòèé êîë³ð (=569–574 íì). Òàêèì ÷èíîì, ó âèïàäêó çàáàðâëåííÿ
ñêëà K2Cr2O7, ÷èííèê êèñëîòíî-îñíîâíèõ âëàñòèâîñòåé ñêëîìàòðèö³ íå º âèçíà-
÷àëüíèì â ôîðìóâàíí³ êîëüîðó ñêëà. Âñòàíîâëåí³ çàêîíîì³ðíîñò³ ìîæóòü áóòè âè-
êîðèñòàí³ ïðè ðîçðîáö³ áåçñâèíöåâèõ ñêëîåìàëåé, ïðèçíà÷åíèõ äëÿ äåêîðóâàííÿ
þâåë³ðíèõ âèðîá³â ç çîëîòà, ñð³áëà òà ì³ä³.
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Âñòóï

Äëÿ äåêîðóâàííÿ þâåë³ðíèõ âèðîá³â ³ç çî-
ëîòà, ñð³áëà òà ì³ä³ âèêîðèñòîâóþòü ñêëîåìàë³,
ÿê³ âì³ùóþòü äî 65% PbO. Âêàçàí³ ñêëîåìàë³
ìîæóòü áóòè çàãëóøåíèìè òà ïðîçîðèìè [1]. Äëÿ
çàáàðâëåííÿ ïðîçîðèõ ñêëîåìàëåé âèêîðèñòîâó-
þòü, ÿê ïðàâèëî, òàê çâàí³ «³îíí³ áàðâíèêè», äî
ÿêèõ â³äíîñÿòüñÿ îêñèäè õ³ì³÷íèõ åëåìåíò³â
çì³ííî¿ âàëåíòíîñò³ (Ni, Co, Cr, Mn, Ce, Cu, Fe,
V, Mo òà ³íø³) [2]. Ïðè öüîìó íàéá³ëüø ïîøè-
ðåíèìè ³îííèìè áàðâíèêàìè ñêëîåìàëåé ð³çíîãî
ôóíêö³îíàëüíîãî ïðèçíà÷åííÿ º CuO, CoO òà
K2Cr2O7. Âêàçàí³ êîìïîíåíòè óòâîðþþòü ó ñêë³
ìåòàëîêèñíåâ³ êîîðäèíàö³éí³ ïîë³åäðè, õàðàê-

òåð õ³ì³÷íîãî çâ’ÿçêó â ÿêèõ ðîçãëÿäàºòüñÿ ç ïî-
çèö³¿ òåîð³¿ ïîëÿ ë³ãàíä³â òà ÿê³ îáóìîâëþþòü
âèá³ðêîâå ïîãëèíàííÿ ñâ³òëà ó âèäèì³é ÷àñòèí³
ñïåêòðà ³, â³äïîâ³äíî, îáóìîâëþþòü çàáàðâëåí-
íÿ ñêëà [3].

Êîë³ð ñêëà â îñíîâíîìó çàëåæèòü â³ä ñòó-
ïåíÿ îêèñíåííÿ ³îí³â-áàðâíèê³â, à òàêîæ â³ä
ê³ëüêîñò³ ³îí³â Îêñèãåíó, ÿê³ çíàõîäÿòüñÿ â ¿õ
îòî÷åíí³, òîáòî êîîðäèíàö³éíîãî ÷èñëà. Ñòóï³íü
îêèñíåííÿ òà êîîðäèíàö³éíå ÷èñëî ³îí³â-áàð-
âíèê³â çàëåæèòü â³ä õ³ì³÷íîãî ñêëàäó ñêëà (êèñ-
ëîòíîñò³-îñíîâíîñò³), òåìïåðàòóðè òà îêèñëþ-
âàëüíî-â³äíîâíèõ óìîâ âàð³ííÿ ñêëà [4].

Âðàõîâóþ÷è, ùî ñïîëóêè Ïëþìáóìó º âè-
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ñîêîâàðò³ñíèìè, äåô³öèòíèìè òà òîêñè÷íèìè
ðå÷îâèíàìè, îñòàíí³ì ÷àñîì ç’ÿâèâñÿ ³íòåðåñ äî
âèêîðèñòàííÿ áåçñâèíöåâèõ åìàëåé. Íàéá³ëüø
ïåðñïåêòèâíîþ îñíîâîþ äëÿ òàêèõ åìàëåé ìî-
æóòü áóòè ëåãêîïëàâê³ ñòåêëà â îêñèäí³é ñèñ-
òåì³ Na2O–BaO–B2O3–SiO2 [5].

Â ë³òåðàòóð³ ³íôîðìàö³ÿ ïðî ³îííå çàáàð-
âëåííÿ ëåãêîïëàâêèõ áîðîñèë³êàòíèõ ñòåêîë äî-
ñòàòíüî îáìåæåíà. Â³äîì³ äàí³ äàþòü ìîæëèâ³ñòü
ò³ëüêè â³çóàëüíî, áåç áóäü-ÿêî¿ ê³ëüê³ñíîãî¿ îö³-
íþâàííÿ çíà÷åíü êîë³ðíèõ õàðàêòåðèñòèê, ïðî-
ãíîçóâàòè, íàïðèêëàä, ùî CoO íàäàñòü ñêëó ³
ïîêðèòòþ ñèíüî-ô³îëåòîâèé êîë³ð, ñïîëóêè Õðî-
ìó – æîâòî-çåëåíèé, à CuO – ñèíüî-çåëåíèé.

Ïðîòå äëÿ îá´ðóíòîâàíîãî ïðîåêòóâàííÿ òà
ðîçðîáêè ïðàêòè÷íèõ ñêëàä³â áåçñâèíöåâèõ åìà-
ëåé ³ç çàäàíèìè çíà÷åííÿìè êîë³ðíèõ õàðàêòå-
ðèñòèê, òàêèõ ÿê êîë³ðíèé òîí ³ ÷èñòîòà êî-
ëüîðó, íåîáõ³äí³ â³äîìîñò³ ïðî çàêîíîì³ðíîñò³
çì³íè ¿õ çíà÷åíü â çàëåæíîñò³ â³ä âì³ñòó â õ³ì³÷íî-
ìó ñêëàä³ åìàëåâèõ ñòåêîë ÿê ³îííèõ áàðâíèê³â,
òàê ³ áàçîâèõ êîìïîíåíò³â.

Ó çâ’ÿçêó ç öèì ìåòà ðîáîòè – âñòàíîâèòè
çàëåæí³ñòü êîë³ðíèõ õàðàêòåðèñòèê åìàëåâèõ
ñòåêîë â³ä âì³ñòó â ¿õ ñêëàä³ ³îííèõ áàðâíèê³â
CuO, CoO, K2Cr2O7 òà áàçîâèõ êîìïîíåíò³â Na2O,
B2O3, SiO2, ñï³ââ³äíîøåííÿ ì³æ ÿêèìè âèçíà÷à-
þòü êèñëîòíî-îñíîâí³ âëàñòèâîñò³ áîðîñèë³êàò-
íèõ åìàëåâèõ ñòåêîë.

Ìåòîäèêà åêñïåðèìåíòàëüíèõ òà ðîçðàõóí-

êîâèõ äîñë³äæåíü

Â ðîáîò³ äëÿ çä³éñíåííÿ åêñïåðèìåíòàëü-
íèõ äîñë³äæåíü áóëî îáðàíî áîðîñèë³êàòí³ ñòåê-
ëà, õ³ì³÷íèé ñêëàä ÿêèõ íàäàíî â òàáë. 1.

Òàáëèöÿ 1
Õ³ì³÷íèé ñêëàä äîñë³äíèõ ñòåêîë ³ çíà÷åííÿ

êîåô³ö³ºíòà â

Вміст компонентів, мол.% Номер 

скла SiO2 Na2O B2O3 BaO 
в 

1 24,00 55,25 15,75 5,0 3,83 

2 24,00 40,50 30,50 5,0 1,49 

3 24,00 25,75 45,25 5,0 0,57 

4 53,50 25,75 15,75 5,0 1,95 

5 38,75 40,50 15,75 5,0 2,89 

6 38,75 25,75 30,50 5,0 1,02 

 

Îáðàí³ ìåæ³ âì³ñòó áàçîâèõ êîìïîíåíò³â â
äîñë³äíèõ ñòåêëàõ ïîêàçóþòü, ùî âîíè º ëåãêî-
ïëàâêèìè òà ìîæóòü áóòè íàéá³ëüø ïåðñïåêòèâ-
íèìè äëÿ îäåðæàííÿ ñêëîåìàëåé ÿê äëÿ ÷îðíèõ,
òàê ³ êîëüîðîâèõ ìåòàë³â [5]. Ç ìåòîþ çàáàð-
âëåííÿ áàçîâèõ ñòåêîë äî ¿õ ñêëàäó ïîíàä 100 ìàñ.%

îñíîâíîãî ñêëà äîäàâàëè îäèí ç áàðâíèê³â â³äïî-
â³äíî ó íàñòóïí³é ê³ëüêîñò³: 2,0 ìàñ.% CuO, 0,5
ìàñ.% CoO òà 1,0 ìàñ.% K2Cr2O7. ¯õ ê³ëüê³ñòü
áóëî âèáðàíî íà îñíîâ³ àíàë³çó ë³òåðàòóðíèõ
äæåðåë [4,6].

Äëÿ ïðèãîòóâàííÿ ñèðîâèííèõ øèõò äîñ-
ë³äíèõ ñòåêîë âèêîðèñòîâóâàëè òîíêîìåëåíèé
êâàðöîâèé ï³ñîê, à òàêîæ òåõí³÷í³ ñèðîâèíí³
ìàòåð³àëè ìàðêè «õ.÷.»: îðòîáîðíó êèñëîòó
Í3BO3, íàòð³é êàðáîíàò Na2ÑO3, áàð³é êàðáîíàò
ÂàÑO3.

Âàð³ííÿ ñòåêîë âèêîíóâàëè â êîðóíäîâèõ
òèãëÿõ â åëåêòðè÷í³é ïå÷³ ç êàðá³äîêðåìí³ºâèìè
íàãð³âà÷àìè ïðè òåìïåðàòóð³ 12500Ñ ïðîòÿãîì
60 õâ. Çðàçêè ñòåêîë òîâùèíîþ 210–3ì âèãîòîâ-
ëÿëè âèëèâàííÿì ãîòîâîãî ðîçïëàâó ó ñòàëåâ³
ôîðìè ç íàñòóïíèì ïðåñóâàííÿì, â³äïàëîì,
øë³ôóâàííÿì ³ ïîë³ðóâàííÿì. Âêàçàí³ çðàçêè
ðîçòàøîâóâàëè íà ïîâåðõí³ åòàëîííîãî çðàçêà
á³ëîãî êîëüîðó òà çà äîïîìîãîþ êîìïàðàòîðà
êîëüîðó ÊÖ-3 âèçíà÷àëè ó â³äáèòîìó ñâ³òë³ äæå-
ðåëà ¿õ êîîðäèíàòè êîëüîðó (XYZ) òà êîë³ðíîñò³
(xy). Äîñë³äæåííÿ ñòåêîë ó â³äáèòîìó ñâ³òë³ íà
ôîí³ á³ëî¿ ïîâåðõí³ îáóìîâëåíî òèì, ùî
íàéá³ëüø ïîøèðåíà òåõíîëîã³ÿ äåêîðàòèâíîãî
åìàëþâàííÿ þâåë³ðíèõ ³ õóäîæí³õ âèðîá³â ç ì³ä³
òà ³íøèõ êîëüîðîâèõ ìåòàë³â ïåðåäáà÷àº íàíå-
ñåííÿ äâîõ ñêëîåìàëåâèõ ïîêðèòò³â: ïåðøîãî
á³ëîãî ́ ðóíòîâîãî øàðó òà íàñòóïíîãî øàðó, ÿêèé
îäåðæóþòü ç ïðîçîðîãî çàáàðâëåíîãî ñêëà. Òîá-
òî, çðàçêè äîñë³äíèõ ñòåêîë íà ïîâåðõí³ åòàëîí-
íîãî çðàçêà á³ëîãî êîëüîðó ïåâíîþ ì³ðîþ ìîäå-
ëþþòü ñêëîåìàëåâ³ ïîêðèòòÿ íà á³ëîìó ´ðóíòî-
âîìó øàð³. Ïîä³áíà ìåòîäèêà âèêîðèñòîâóâàëàñü
[7] ïðè âèçíà÷åíí³ ïîêð³âåëüíî¿ çäàòíîñò³ ôàðá
çà êîåô³ö³ºíòîì êîíòðàñòó Rb/Rw, ÿêèé áàçóºòü-
ñÿ íà âèì³ðþâàíí³ â³äáèòòÿ çàáàðâëåíîãî øàðó
íà á³ë³é Rw ³ ÷îðí³é Rb ï³äêëàäèíêàõ.

Çà äîïîìîãîþ âñòàíîâëåíèõ êîîðäèíàò êî-
ë³ðíîñò³ (xy) òà ãðàô³êà ÌÊÎ âèçíà÷àëè êîë³ð-
íèé òîí (, íì) ³ ÷èñòîòó êîëüîðó (, %) çðàçê³â
äîñë³äíèõ ñòåêîë [7]. Çàçíà÷åí³ ðîçðàõóíêè âè-
êîíóâàëè çà äîïîìîãîþ ñïåö³àëüíî ðîçðîáëåíî¿
êîìï’þòåðíî¿ ïðîãðàìè COLOUR GLASS.

Çâ’ÿçîê ì³æ âêàçàíèìè êîë³ðíèìè õàðàêòå-
ðèñòèêàìè åìàëåâèõ ñòåêîë òà ¿õ îêñèäíèì ñêëà-
äîì îö³íþâàëè çà êîìïëåêñíèì ðîçðàõóíêîâèì
ïîêàçíèêîì êèñëîòíîñò³-îñíîâíîñò³ õ³ì³÷íîãî
ñêëàäó ñêëà. ßê â³äîìî, öåé ïîêàçíèê çàëåæèòü
â³ä ñï³ââ³äíîøåííÿ ì³æ âì³ñòîì ó ñêë³ îñíîâ-
íèõ ³ êèñëîòíèõ îêñèä³â ³ äëÿ áîðîñèë³êàòíèõ
ñòåêîë öåé ïîêàçíèê ïîçíà÷àºòüñÿ ÿê â òà ðîç-
ðàõîâóºòüñÿ çà íàñòóïíîþ ôîðìóëîþ [8]:
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â=(R2O+RO)/B2O3,

äå R2O – ñóìàðíèé âì³ñò ó ñêë³ ëóæíèõ îêñèä³â,
RO – ñóìàðíèé âì³ñò ó ñêë³ ëóæíîçåìåëüíèõ
îêñèä³â, B2O3 – âì³ñò ó ñêë³ áîð îêñèäó.

Çà äîïîìîãîþ êîåô³ö³ºíòà â ìîæíà îö³-
íèòè ÿê êèñëîòí³ñòü õ³ì³÷íîãî ñêëàäó ñêëà, òàê ³
êîîðäèíàö³éíèé ñòàí àòîì³â Áîðó â àí³îíí³é ñ³òö³
ñêëà. Ââàæàºòüñÿ, ùî ïðè çá³ëüøåíí³ çíà÷åííÿ
â çá³ëüøóºòüñÿ îñíîâí³ñòü õ³ì³÷íîãî ñêëàäó ñêëà
òà çá³ëüøóºòüñÿ ê³ëüê³ñòü àòîì³â Áîðó, ÿê³ çíà-
õîäÿòüñÿ â òåòðàåäðè÷í³é êîîðäèíàö³¿ â³äíîñíî
àòîì³â Îêñèãåíó. Çíà÷åííÿ êîåô³ö³ºíòà â äëÿ
äîñë³äíèõ ñòåêîë íàâåäåí³ â òàáë. 1.

Ðåçóëüòàòè åêñïåðèìåíò³â òà ¿õ îáãîâîðåííÿ

Â³çóàëüíèé îãëÿä çðàçê³â ñêëà ïîêàçàâ, ùî
CuO çàáàðâëþº äîñë³äí³ ñòåêëà â ñèíüî-çåëåíèé
êîë³ð, CoO – â ñèíüî-ô³îëåòîâèé êîë³ð, à
K2Cr2O7 – â æîâòî-çåëåíèé êîë³ð (òàáë. 2). Çà-
ëåæíî â³ä ñêëàäó ñêëîìàòðèö³ êîë³ð ñêëà ç îä-
íèì ³ òèì æå áàðâíèêîì ñóòòºâî â³äð³çíÿºòüñÿ.
Âêàçàíå ï³äòâåðäæóºòüñÿ ðåçóëüòàòàìè âèçíà÷åí-
íÿ êîë³ðíèõ õàðàêòåðèñòèê äîñë³äíèõ åìàëåâèõ
ñòåêîë, ÿê³ íàâåäåí³ â òàáë. 2, à òàêîæ êîðåëÿö-
³éíèì çâ’ÿçêîì ì³æ êîë³ðíèì òîíîì ³ êîåô³ö³-
ºíòîì â (ðèñóíîê). Ðîçðàõóíîê êîåô³ö³ºíòà
ïàðíî¿ êîðåëÿö³¿ (r*) ïîêàçàâ ñèëüíèé êîðåëÿ-
ö³éíèé çâ’ÿçîê ì³æ  òà â äëÿ ñòåêîë, çàáàðâëå-

íèõ CuO (r*=–0,83) ³ CoO (r*=–0,79) òà ñëàáêèé
– äëÿ ñòåêîë çàáàðâëåíèõ K2Cr2O7 (r*=0,5).

Òàê, ç äàíèõ ðèñóíêa (à) âèäíî, ùî ç³
çá³ëüøåííÿì çíà÷åíü êîåô³ö³ºíòà â êîë³ð ñòå-
êîë, çàáàðâëåíèõ CuO, çì³íþºòüñÿ â³ä ñèíüî-
çåëåíîãî (=491 íì) äî ñèíüî-ô³îëåòîâîãî
(=434). Ïðè öüîìó ñë³ä çàóâàæèòè, ùî êîë³ð-
íèé òîí äëÿ ñêëà ¹ 1, ÿêå çà ñêëàäîì º íàéá³ëüø
îñíîâíèì (â=3,83), ïðèéíÿëè ð³âíèì 400 íì.
Öå îáóìîâëåíî òèì, ùî íà ãðàô³êó ÌÊÎ â³äïî-
â³äíî äî êîîðäèíàò êîë³ðíîñò³ (x=0,4293;
y=0,3717) çíà÷åííÿ êîë³ðíîãî òîíó äëÿ ñêëà ¹ 1
çíàõîäèòüñÿ â ä³àïàçîí³ ïóðïóðíèõ êîëüîð³â
(<400 íì).

Âêàçàí³ çì³íè êîë³ðíîãî òîíó äîñë³äíèõ
çðàçê³â ñêëà ìîæíà ïîÿñíèòè íàñòóïíèì. Â çà-
ëåæíîñò³ â³ä îêñèäíîãî ñêëàäó ñêëà, ìàòåð³àëü-
íîãî ñêëàäó øèõòè, îêèñíþâàëüíî-â³äíîâëþ-
âàëüíèõ óìîâ éîãî âàðêè, Êóïðóì ó ñêë³ çíàõî-
äèòüñÿ ó ñòóïåí³ îêèñíåííÿ +1 òà +2. Ì³æ Ñu2+

³ Ñu+ âñòàíîâëþºòüñÿ ð³âíîâàãà, ÿêà çà ³íøèõ
ð³âíèõ óìîâ, çàëåæèòü â³ä êèñëîòíî-îñíîâíèõ
âëàñòèâîñòåé ñêëà. Ê³ëüê³ñòü Ñu+, ÿêèé íå çà-
áàðâëþº ñêëî, ìîæå äîñÿãàòè 60–70% íàâ³òü â
îêèñíþâàëüíèõ óìîâàõ éîãî âàð³ííÿ [4].

Â îêñèäíèõ ñòåêëàõ Ñu2+ ç Îêñèãåíîì ìîæå
óòâîðþâàòè äâà êîìïëåêñè: [Ñu2+Î4] ç êîîðäè-
íàö³éíèì ÷èñëîì 4, ÿêèé çàáàðâëþº ñêëî â³ä

Òàáëèöÿ 2
Êîë³ðí³ õàðàêòåðèñòèêè äîñë³äíèõ ñòåêîë

Ïðèìå÷àíèå: *) 577'  – ïîçíà÷åííÿ äîâæèíè õâèë³ â ïóðïóðí³é ÷àñòèí³ êîë³ðíîãî ãðàô³êà ÌÊÎ.

Координати кольору 
Координати 

колірності 
Номер 

скла 

Барвник, 

колір скла 
X Y Z x y 

Колірний 

тон, 

, нм 

Чистота 

кольору, 

, % 

1  4,696 4,065 2,876 0,4293 0,3717 577'* 1,2 

2  6,417 5,865 2,474 0,4348 0,3974 479 1,2 

3  6,272 5,825 2,291 0,4359 0,4048 491 2,3 

4  6,998 6,063 3,909 0,4125 0,3572 434 0,5 

5  5,409 4,562 3,923 0,3890 0,3282 448 1,0 

6  

CuO, 

синьо-зелений 

5,630 5,049 2,291 0,4340 0,3892 449 0,5 

1  13,93 12,60 5,070 0,4409 0,3986 456 0,5 

2 5,52 5,010 1,832 0,4465 0,4052 577' 0,5 

3  7,673 6,500 2,871 0,4501 0,3813 568' 3,7 

4  6,749 5,904 2,505 0,4445 0,3906 572' 1,8 

5  5,826 5,308 2,138 0,4389 0,3999 477 0,7 

6  

CoO, 
синьо-фіолетовий, 

пурпурний 

6,291 4,990 1,954 0,4752 0,3770 518' 8,9 

1  61,49 59,38 16,86 0,4464 0,4311 569 20,4 

2  14,49 14,23 3,415 0,4385 0,4549 572 32,7 

3  14,04 13,89 4,765 0,4294 0,4248 514 8,3 

4  14,52 15,80 2,596 0,4411 0,4799 568 54,2 

5  14,53 15,24 2,684 0,4521 0,4657 570 50,8 

6  

K2Cr2O7, 

жовто-зелений 

14,57 14,33 2,84 0,4584 0,4519 574 44,6 
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çåëåíîãî äî æîâòî-êîðè÷íåâîãî êîëüîðó, òà
[Ñu2+Î6] ç êîîðäèíàö³éíèì ÷èñëîì 6, ÿêèé çà-
áàðâëþº ñêëî â ñèí³é êîë³ð [9].

Òàêèì ÷èíîì, íà êîë³ð äîñë³äíîãî ñêëà,
çàáàðâëåíîãî CuO, âïëèâàþòü äâà ôàêòîðè. Ïî-
ïåðøå, ïðè çá³ëüøåíí³ îñíîâíîñò³ ñêëà (ïðè
çá³ëüøåíí³ çíà÷åíü â) ð³âíîâàãà Ñu+Ñu2+ çñó-
âàºòüñÿ â á³ê óòâîðåííÿ ³îíà Êóïðóìó ç³ ñòóïå-

íåì îêèñíåííÿ +2. Òîáòî, ôàêòè÷íî çá³ëüøóºòü-
ñÿ êîíöåíòðàö³ÿ çàáàðâëþþ÷îãî ³îíà. Ïî äðóãå,
ç³ çá³ëüøåííÿì îñíîâíîñò³ ñêëà òåîðåòè÷íî ïî-
âèííà çá³ëüøóâàòèñü ê³ëüê³ñòü ÷îòèðèêîîðäèíî-
âàíîãî «æîâòîãî» [Ñu2+Î4]. Àëå â ðîáîò³ [9] çà-
çíà÷åíî, ùî ó ñèë³êàòíîìó ñêë³ äîëÿ êîîðäèíà-
ö³éíî¿ ôîðìè [Ñu2+Î4] íà 1–1,5 ïîðÿäêà ìåíøà
í³æ [Ñu2+Î6]. Íà ï³äñòàâ³ îòðèìàíèõ äàíèõ ìîæ-
íà çðîáèòè âèñíîâîê, ùî ïðè çàáàðâëåíí³ äîñ-
ë³äíîãî áîðîñèë³êàòíîãî ñêëà êóïðóì(²²) îêñè-
äîì â³äáóâàºòüñÿ çì³íà êîëüîðó ç³ çá³ëüøåííÿì
îñíîâíîñò³ ñêëà â³ä ñèíüî-çåëåíîãî (â=0,57,
=491 íì) äî ñèíüî-ô³îëåòîâîãî (â=3,83,
=400 íì), ó çâ’ÿçêó ç³ çì³ùåííÿì ð³âíîâàãè
Ñu+Ñu2+ â á³ê óòâîðåííÿ ³îíà êóïðóìó ç³ ñòó-
ïåíåì îêèñíåííÿ +2 òà, â³äïîâ³äíî, ³íòåíñèâíî
çàáàðâëþþ÷îãî «ñèíüîãî» êîìïëåêñó [Ñu2+Î6].

Êîë³ð ñòåêîë, çàáàðâëåíèõ CîO (ðèñóíîê
(á)), ç³ çá³ëüøåííÿì çíà÷åíü êîåô³ö³ºíòà â

çì³íþºòüñÿ â³ä ïóðïóðíîãî (=518'–577' íì) äî
ñèíüîãî (=456–477 íì). Âêàçàíå îáóìîâëåíî
òèì, ùî Êîáàëüò ó ñêë³ ìàº ñòóï³íü îêèñíåííÿ
+2 ³ éîãî ³îí óòâîðþº êîîðäèíàö³éí³ êîìïëåêñè
[Ñî2+Î4] òà [Ñî2+Î6], ÿê³ çàáàðâëþþòü ñêëî ó
ñèí³é ³ ðîæåâèé êîëüîðè, â³äïîâ³äíî [10]. Ïðè
íàÿâíîñò³ ó ñêë³ îáîõ êîìïëåêñ³â âîíî ìîæå áóòè
çàáàðâëåíå ó ñêëàäí³ ïóðïóðí³ êîëüîðè, ÿê³ óÿâ-
ëÿþòü ñîáîþ ñóì³ø ñèíüî-ô³îëåòîâèõ ³ ÷åðâî-
íèõ êîëüîð³â.

Âêàçàíå äàº ï³äñòàâó äî ïðèïóùåííÿ, ùî
äîñë³äí³ ñòåêëà, ÿê³ ìàþòü çíà÷åííÿ â<1,95 òà
çàáàðâëåí³ â ñêëàäí³ ïóðïóðí³ êîëüîðè, âì³ùó-
þòü òàêó ê³ëüê³ñòü «ðîæåâîãî» [Ñî2+Î6], ÿêà
ñïðèÿº çàáàðâëåííþ ñêëà ó ïóðïóðí³ êîëüîðè.

Ç ãðàô³êà, íàâåäåíîãî íà ðèñóíêó (â), âèä-
íî, ùî äëÿ á³ëüøîñò³ äîñë³äíèõ ñòåêîë, çàáàð-
âëåíèõ K2Cr2O7, êîë³ðíèé òîí ïðàêòè÷íî íå çà-
ëåæèòü â³ä çíà÷åíü êîåô³ö³ºíòà â. Âñòàíîâëå-
íî, ùî ëèøå îäíå ñêëî ¹ 3 ç â=0,57 ìàº çåëå-
íèé êîë³ð (=514 íì), âñ³ ³íø³ ñòåêëà, ÿê³ ìàþòü
çíà÷åííÿ â=1,02–3,83, çàáàðâëåí³ â æîâòèé
êîë³ð (=569–574 íì). ßê â³äîìî [11], ñêëî â
çåëåíèé êîë³ð çàáàðâëþº êîìïëåêñ [Ñr3+O6], à
êîìïëåêñ [Ñr6+O4] – ó æîâòèé. Ó á³ëüøîñò³ õðî-
ìîâì³ñíèõ îêñèäíèõ ñòåêëàõ ìîæóòü ³ñíóâàòè
îáèäâà âèäè êîìïëåêñ³â, ïðè÷îìó â êèñëèõ ñè-
ë³êàòíèõ òà áîðîñèë³êàòíèõ ñòåêëàõ íàéá³ëüø
ñò³éêèì ñòóïåíåì îêèñëåííÿ Õðîìó º +3. Êîì-
ïëåêñè [Ñr6+O4] óòâîðþþòüñÿ ó ñòåêëàõ ïðè çíà-
÷íîìó âì³ñò³ â ¿õ ñêëàä³ ëóæíèõ îêñèä³â. Òîáòî,
ëèøå ó ñêë³ ç ìàêñèìàëüíèì âì³ñòîì áîðíîãî
àíã³äðèäó ð³âíîâàãà Ñr3+«Ñr6+ ïîì³òíî çñóâàºòü-
ñÿ â á³ê Õðîìó ç³ ñòóïåíåì îêèñíåííÿ +3. Òà-
êèì ÷èíîì, äëÿ äîñë³äíèõ ñòåêîë, íåçâàæàþ÷è

â

Çàëåæí³ñòü êîë³ðíîãî òîíó () ñêëîïîêðèòòÿ â³ä

êîåô³ö³ºíòà â äëÿ ñòåêîë, ÿê³ çàáàðâëåí³: à) CuO;

á) CoO; â) K2Cr2O7, äå  è  – ïîçíà÷åííÿ äîâæèíè õâèë³

ó ñïåêòðàëüí³é ä³ëÿíö³ ãðàô³êà ÌÊÎ;  – ïîçíà÷åííÿ

äîâæèíè õâèë³ ó ïóðïóðí³é ä³ëÿíö³ ãðàô³êà ÌÊÎ

à

á
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íà äîñèòü âåëèê³ êîëèâàííÿ ¿õ õ³ì³÷íîãî ñêëàäó,
çíà÷åííÿ ¿õ êîë³ðíîãî òîíó çàëèøàþòüñÿ ïðàê-
òè÷íî íåçì³ííèìè. Â ðîáîò³ [11] òàêîæ â³äì³÷å-
íî, ùî êèñëîòíî-îñíîâí³ âëàñòèâîñò³ ìàòðèö³
ñêëà, çàáàðâëåíî¿ ñïîëóêàìè Õðîìó, º äðóãîðÿä-
íèì ôàêòîðîì. Ìîæëèâî, òàê³ ðåçóëüòàòè ïî-
â’ÿçàí³ ç òèì, ùî ñïîëóêè õðîìó ìàþòü îáìåæå-
íó ðîç÷èíí³ñòü ó ñêë³, ³ öåé ÷èííèê òàêîæ âïëè-
âàº íà ïðîöåñ ôîðìóâàííÿ êîëüîðó. Íåîáõ³äíî
ïðè öüîìó çàóâàæèòè, ùî ñòåêëà, ùî çàáàðâëåí³
K2Cr2O7, â ïîð³âíÿí³ ç ñòåêëàìè, ùî çàáàðâëåí³
CuO òà CoO, â³äð³çíÿþòüñÿ íàéâèùèìè çíà÷åí-
íÿìè ÷èñòîòè êîëüîðó.

Âèñíîâêè

Äëÿ áîðîñèë³êàòíèõ åìàëåâèõ ñòåêîë, ÿê³
âì³ùóþòü â ñâîºìó ñêëàä³ 25–55 ìîë.% Na2O,
15–45 ìîë.% B2O3, 24–53 ìîë.% SiO2, 5 ìîë.%
ÂàÎ òà ÿê³ çàáàðâëåí³ ³îííèìè áàðâíèêàìè CuO,
CoO, K2Cr2O7, âñòàíîâëåíî îñíîâí³ òåíäåíö³¿
çì³íè ¿õ êîë³ðíîãî òîíó òà ÷èñòîòè êîëüîðó â
çàëåæíîñò³ â³ä ïîêàçíèêà êèñëîòíîñò³-îñíîâíîñò³
õ³ì³÷íîãî ñêëàäó ñêëà. Âèÿâëåí³ çàêîíîì³ðíîñò³
ìîæóòü áóòè âèêîðèñòàí³ ïðè ðîçðîáö³ áåçñâèí-
öåâèõ ñêëîåìàëåé, ïðèçíà÷åíèõ äëÿ äåêîðóâàí-
íÿ þâåë³ðíèõ âèðîá³â ç çîëîòà, ñð³áëà òà ì³ä³.
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IONIC DYEING OF ENAMEL GLASSES PREPARED IN
OXIDE SYSTEM Na2O–BaO–B2O3–SiO2
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Ukrainian State University of Chemical Technology, Dnipro,
Ukraine
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The paper reports the dyeing of enamel glasses containing
25–55 mol.% Na2O, 15–45 mol.% B2O3, 24–53 mol.% SiO2, and
5 mol.% ÂàÎ by the most common ionic dyes, CuO, CoO and
K2Cr2O7. Principal trends in changing their color tone and color
purity as a function of the index of acidity–basicity of chemical glass
composition were evaluated using a complex calculating index â.
In the case of dyeing of an investigated glass by copper (II) oxide,
the change in the color is observed from blue–green (â=0.57, =491
nm) to blue–purple (â=3.83, =400 nm) with increasing glass
basicity, resulted from shifting the equilibrium Ñu+Ñu2+ towards
the formation of copper (+2) ion and, accordingly, increasing the
content of complex [Ñu2+Î6] which colors «blue». The color of glasses
dyed by CoO changed from purple (=518'–577' nm) to blue
(=456–477 nm) with increasing the values of coefficient â, which
is due to the formation of complex [Ñî2+Î6], that colors pink, together
with the complex [Ñî2+Î4], that colors blue; the mixing of blue–
purple and red yields purple color. For most investigated glasses
dyed by K2Cr2O7, color tone does not practically depend on the
values of coefficient â. It is established that only one glass from all
investigated with â=0.57 has a green color (=514 nm), all other
glasses which have values â=1.02–3.83 are dyed in yellow (=569–
574 nm). Thus, in the case of dyeing of glasses by means of K2Cr2O7,
the index of acidity–basicity of a glass matrix is not a determinative
in the formation of glass color. The established features can be used
to develop lead-free glass enamels for decoration of jewelries made
of gold, silver and copper.

Keywords: glass; enamel; acidity–basicity properties; dyeing
ability; ionic dyes.
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