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Åìàëåâ³ ïîêðèòòÿ ç âèñîêèìè ïîêàçíèêàìè çàõèñíèõ ³ äåêîðàòèâíèõ âëàñòèâîñòåé

îäåðæóþòü íà îñíîâ³ áîðíî-ñèë³êàòíèõ ñêëîôðèò ç ï³äâèùåíèì âì³ñòîì TiO2 â ¿õ

ñêëàä³. Íåïðîçîð³ñòü òà á³ëèé êîë³ð åìàëåâèõ ïîêðèòò³â îáóìîâëåí³ ¿õ êðèñòàë³çà-

ö³ºþ ïðè òåìïåðàòóðàõ îáïàëþâàííÿ. Òèòàíîâ³ ñêëîåìàë³ â³çóàëüíî íå º ÷èñòî á³ëèìè,

³ â çàëåæíîñò³ â³ä õ³ì³÷íîãî ñêëàäó â³äð³çíÿþòüñÿ íàÿâí³ñòþ â³äò³íê³â æîâòîãî òà

áëàêèòíîãî êîëüîð³â. Äàíà ðîáîòà áóëà ñïðÿìîâàíà íà âèçíà÷åííÿ âïëèâó áàçîâèõ

êîìïîíåíò³â òèòàíîâèõ ñêëîåìàëåé íà âîäîñò³éê³ñòü ³ êîë³ðí³ õàðàêòåðèñòèêè åìà-

ëåâèõ ïîêðèòò³â. Îá’ºêòîì åêñïåðèìåíòàëüíèõ äîñë³äæåíü áóëè ñêëîôðèòè, õ³ì³÷íèé

ñêëàä ÿêèõ çì³íþâàâñÿ â³äïîâ³äíî äî çàãàëüíî¿ ôîðìóëè

(76–n–m)SiO2nB2O3mNa2O24MexOy, äå MexOy – ñóìàðíèé âì³ñò TiO2, ZrO2, Al2O3,

MgO, ÑaO, P2O5 ³ K2O. Ïîêàçàíî, ùî íàéá³ëüø âîäîñò³éêèìè º ñêëîôðèòè òà ïî-

êðèòòÿ íà ¿õ îñíîâ³ ³ç íàñòóïíèì âì³ñòîì áàçîâèõ êîìïîíåíò³â (ìîë.%): Na2O 12–

13, K2O 3, B2O3 10–11, SiO2 49–51. Êîë³ðí³ õàðàêòåðèñòèêè òèòàíîâèõ åìàëåâèõ

ïîêðèòò³â, ùî îäåðæàí³ íà îñíîâ³ âêàçàíèõ ñêëîôðèò, ñóòòºâî â³äð³çíÿþòüñÿ â³ä

îïîðíîãî á³ëîãî ñâ³òëà À; òàê³ ïîêðèòòÿ ìàþòü æîâòî-çåëåíèé â³äò³íîê. Íàéá³ëüøå

â³äõèëåííÿ ÷èñòîòè êîëüîðó òà êîë³ðíîãî òîíó åìàëåâèõ ïîêðèòò³â â³ä åòàëîíó á³ëî-

ãî êîëüîðó ñïîñòåð³ãàºòüñÿ ïðè çá³ëüøåíí³ ó ñêëàä³ ñêëîôðèò âì³ñòó Na2O çà ðàõó-

íîê SiO2. Ïðè öüîìó êîë³ð òèòàíîâèõ ïîêðèòò³â ç íàéá³ëüøîþ âîäîñò³éê³ñòþ ìàº

â³äõèëåííÿ â³ä åòàëîíó á³ëîãî êîëüîðó â ìåæàõ 4–6%.

Êëþ÷îâ³ ñëîâà: ñêëîåìàëåâ³ àíòèêîðîç³éí³ ïîêðèòòÿ, áîðíî-ñèë³êàòí³ ñêëîôðè-

òè, âîäîñò³éê³ñòü, â’ÿçê³ñòü, ïîâåðõíåâèé íàòÿã, êîë³ð, ÷èñòîòà êîëüîðó, êîë³ðíèé

òîí.
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Âñòóï

Äëÿ çàõèñòó â³ä êîðîç³¿ âèðîá³â ç ÷îðíèõ ³
êîëüîðîâèõ ìåòàë³â ÷àñòî âèêîðèñòîâóþòü ñêëî-
åìàëåâ³ ïîêðèòòÿ. Ïðè âèãîòîâëåíí³ òàêèõ âè-
ðîá³â ç³ ñòàë³, ÿê åìàëüîâàíèé ïîñóä, ãàçîâ³ òà
åëåêòðè÷í³ ïîáóòîâ³ ïðèëàäè, åìàëåâ³ ïîêðèòòÿ
ïîâèíí³ õàðàêòåðèçóâàòèñü, îêð³ì àíòèêîðîç³é-
íèõ, òàêîæ ³ äåêîðàòèâíèìè âëàñòèâîñòÿìè [1,2].

Åìàëåâ³ ïîêðèòòÿ ç âèñîêèìè ïîêàçíèêà-
ìè çàõèñíèõ òà äåêîðàòèâíèõ âëàñòèâîñòåé îäåð-
æóþòü íà îñíîâ³ áîðîñèë³êàòíèõ ñêëîôðèò ç
ï³äâèùåíèì âì³ñòîì â ¿õ ñêëàä³ (äî 15 ìîë.%)
òèòàí(²V) îêñèäó. Ñò³éê³ñòü âêàçàíèõ ñêëîôðèò
òà ïîêðèòò³â äî ä³¿ ðîç÷èí³â ñëàáêèõ îðãàí³÷íèõ
êèñëîò òà âîäè âèçíà÷àºòüñÿ âì³ñòîì â ¿õ ñêëàä³
áàçîâèõ êîìïîíåíò³â, ÿêèé º íàñòóïíèì (ìîë.%):
Na2O 11–18, B2O3 5–12, SiO2 55–63 [3–5]. Ðîç-
ïëàâ ñêëà ç òàêèì âì³ñòîì áàçîâèõ êîìïîíåíò³â

ìàº çíà÷åííÿ â’ÿçêîñò³ òà ïîâåðõíåâîãî íàòÿãó,
ùî çàáåçïå÷óþòü ôîðìóâàííÿ ïðè òåìïåðàòóð³
800–8500Ñ á³ëèõ ñêëîâèäíèõ ïîêðèòò³â.

Íåïðîçîð³ñòü òà á³ëèé êîë³ð åìàëåâèõ ïî-
êðèòò³â îáóìîâëåí³ ¿õ êðèñòàë³çàö³ºþ ïðè âèïàë³
ç óòâîðåííÿì êðèñòàë³÷íèõ ìîäèô³êàö³é Ò³Î2

(ðóòèëó ³ àíàòàçó). Íåîáõ³äíî çàçíà÷èòè, ùî
á³ëüø³ñòü â³äîìèõ òèòàíîâèõ ñêëîåìàëåé â³çó-
àëüíî íå º ÷èñòî á³ëèìè, à â³äð³çíÿþòüñÿ íàÿâ-
í³ñòþ â³äò³íê³â æîâòîãî òà áëàêèòíîãî êîëüîð³â.

Ê³ëüê³ñíóå îö³íêóþâàííÿ â³äõèëåííÿ êîë³-
ðíèõ õàðàêòåðèñòèê á³ëèõ åìàëåâèõ ïîêðèòò³â â³ä
åòàëîííîãî á³ëîãî ñâ³òëà ìîæíà îö³íèòè çà äî-
ïîìîãîþ êîîðäèíàò (x, y) íà ä³àãðàì³ êîë³ðíîñò³
ÌÊÎ 1931ð [6]. Ïðàêòè÷íèé äîñâ³ä âèêîðèñòàí-
íÿ á³ëèõ åìàëåâèõ ïîêðèòò³â ïîêàçóº, ùî âêà-
çàí³ â³äõèëåííÿ çàëåæàòü â³ä áàãàòüîõ ÷èííèê³â,
îñíîâíèìè ç ÿêèõ º õ³ì³÷íèé ñêëàä ñêëîôðèò,
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òåìïåðàòóðíî-÷àñîâèé ðåæèì âèïàëó ïîêðèòò³â,
ðîçì³ð êðèñòàë³â Ò³Î2 òà ³íø³ [1,2]. Ïðîòå âêà-
çàí³ çàëåæíîñò³ º íåîäíîçíà÷íèìè ³ ïîòðåáóþòü
äîäàòêîâîãî àíàë³çó òà óçàãàëüíåííÿ.

Â çâ’ÿçêó ç öèì ìåòà ðîáîòè – äîñë³äèòè
âïëèâ áàçîâèõ êîìïîíåíò³â íà âîäîñò³éê³ñòü ³
êîë³ðí³ õàðàêòåðèñòèêè òèòàíîâèõ åìàëåâèõ ïî-
êðèòò³â òà âñòàíîâèòè íàéá³ëüø ðàö³îíàëüíèé
¿õ âì³ñò â áîðîñèë³êàòíèõ ñêëîôðèòàõ.

Ìåòîäèêà åêñïåðèìåíòó

Îá’ºêòîì åêñïåðèìåíòàëüíèõ äîñë³äæåíü
îáðàíî ñêëîôðèòè, ÿê³ ïðèçíà÷åí³ äëÿ îäåðæàííÿ
á³ëèõ òèòàíîâèõ åìàëåâèõ ïîêðèòò³â íà ñòàëå-
âèõ âèðîáàõ. Õ³ì³÷íèé ñêëàä äîñë³äíèõ ôðèò
(òàáëèöÿ) çì³íþâàâñÿ â³äïîâ³äíî äî íàñòóïíî¿
óçàãàëüíåíî¿ ¿õ ôîðìóëè

(76–n–m)SiO2nB2O3mNa2O24MexOy,

äå MexOy – ñóìàðíèé âì³ñò íàéá³ëüø ìîæëèâèõ
êîìïîíåíò³â òèòàíîâèõ åìàëåé TiO2, ZrO2, Al2O3,
MgO, ÑaO, P2O5, K2O.

Õ³ì³÷íèé ñêëàä ñêëîôðèò

Компоненти склофрит Вміст компонентів, мол.% 

SiO2 48,5–58,5 

B2O3 7,5–13,0 

Na2O 10–15 

K2O 3 

TiO2+ZrO2 16 

Al2O3+MgO+СaO 4 

P2O5 1 

Разом 100 

F понад 100 мас.ч. скла 2,3 

SiO2+B2O3+Na2O 76 

Øèõòè äîñë³äíèõ ñêëîôðèò ãîòóâàëè ç
âèêîðèñòàííÿì íàñòóïíèõ ñèðîâèííèõ ìàòåð³-
àë³â: êâàðöîâèé ï³ñîê, ãëèíîçåì, ñîäà êàëüöè-
íîâàíà, ñåë³òðà íàòð³ºâà, ñåë³òðà êàë³ºâà, áîðíà
êèñëîòà, òðèïîë³ôîñôàò íàòð³þ, ä³îêñèä òèòà-
íó, öèðêîíîâèé êîíöåíòðàò, íàòð³é êðåìí³ºâîô-
òîðèñòèé, êðåéäà òà ïàëåíà ìàãíåç³ÿ. Âàðêó³ííÿ
åìàëåâèõ ñòåêîë çä³éñíþâàëè â ëàáîðàòîðí³é
åëåêòðè÷í³é ïå÷³ ç êàðá³ä-êðåìí³ºâèìè íàãð³âà-
÷àìè ïðè òåìïåðàòóð³ 1250–13000Ñ âïðîäîâæ 60–
120 õâ. Ôðèòè îòðèìóâàëè âèëèâàííÿì ãîòîâîãî
ðîçïëàâó ñêëà ó âîäó.

Âîäîñò³éê³ñòü (Â) ñêëîôðèò ó â³äïîâ³äíîñò³
äî ÃÎÑÒ 10134.0-82–10134.3-82 âèçíà÷àëè çà
ê³ëüê³ñòþ 0,01 í. âîäíîãî ðîç÷èíó HCl (ñì3/ã),
ùî âèòðà÷åíî íà íåéòðàë³çàö³þ ëóãó, ÿêèé óòâî-

ðèâñÿ òà ïåðåéøîâ ó ðîç÷èí ïðè âçàºìîä³¿ ïî-
âåðõí³ ñêëà ç êèïëÿ÷îþ äèñòèëüîâàíîþ âîäîþ
[3,4]. Äàí³ ùîäî õ³ì³÷íî¿ ñò³éêîñò³ áîðîñèë³êàò-
íèõ ñòåêîë [3], à òàêîæ âêàçàíèé âì³ñò áàçîâèõ
êîìïîíåíò³â Na2O, K2O, B2O3, SiO2 â äîñë³äíèõ
ñêëîôðèòàõ (òàáë.) äàþòü ï³äñòàâó ââàæàòè ùî
¿õ âîäîñò³éê³ñòü, ÿêà âèçíà÷åíà âêàçàíèì ÷èíîì,
áóäå â³äïîâ³äàòè ïåðøîìó ã³äðîë³òè÷íîìó êëà-
ñó, òîáòî ê³ëüê³ñòü âèòðà÷åíîãî ðîç÷èíó HCl íå
ïåðåâèùóâàòèìå 0,1 ñì3/ã (lgB=–1).

Åìàëåâ³ ïîêðèòòÿ âèãîòîâëÿëè ç âèêîðè-
ñòàííÿì øë³êåðó, ÿêèé îäåðæóâàëè ïîäð³áíåí-
íÿì ñêëîôðèò â ëàáîðàòîðíèõ ïîðöåëÿíîâèõ
ìëèíàõ çà íàñòóïíèì ðåöåïòîì (ìàñ.÷.): ôðèòà
100; ãëèíà ÷àñ³â’ÿðñüêà 5,0; NaNO3 0,2; KCl 0,1;
âîäà 40. Øë³êåð íàíîñèëè íà ïîïåðåäíüî çà-
´ðóíòîâàí³ ñòàëåâ³ çðàçêè. Âèïàë ïîêðèòò³â
çä³éñíþâàëè â ëàáîðàòîðí³é ìóôåëüí³é ïå÷³ ïðè
òåìïåðàòóð³ 800–8400Ñ âïðîäîâæ 3–6 õâ.

Ê³ëüê³ñíóå îö³íþâàííÿ êîë³ðíèõ õàðàêòå-
ðèñòèê äîñë³äíèõ åìàëåâèõ ïîêðèòò³â (êîîðäè-
íàòè x òà y íà ä³àãðàì³ ÌÊÎ) âèêîíóâàëè çà äî-
ïîìîãîþ êîìïàðàòîðà êîëüîðó ÊÖ-3 ó â³äáèòî-
ìó ñâ³òë³ ñòàíäàðòíîãî äæåðåëà ñòàíäàðòíîãî
á³ëîãî âèïðîì³íþâàííÿ À. Óìîâíî çà åòàëîí
á³ëîãî êîëüîðó îáðàíî êîîðäèíàòè òî÷êè À íà
ä³àãðàì³ ÌÊÎ: xA=0,4476, yA=0,4074. Ñòóï³íü
â³äõèëåííÿ êîë³ðíèõ õàðàêòåðèñòèê åìàëåâèõ
ïîêðèòò³â â³ä êîîðäèíàò êîë³ðíîñò³ ñòàíäàðòíî-
ãî á³ëîãî âèïðîì³íþâàííÿ À îö³íþâàëè çíà÷åí-
íÿì ÷èñòîòè êîëüîðó (P, %), ÿêå âèçíà÷àëè â³ääà-
ëåí³ñòþ äîñë³äíî¿ òî÷êè ç êîîðäèíàòàìè (x, y)
â³ä òî÷êè À òà ðîçðàõîâóâàëè íàñòóïíèì ÷èíîì:

2 2

A A

2 2

L A L A

100 (x x ) (y y )
P ,

(x x ) (y y )

   


  

äå x, y – êîîðäèíàòè êîë³ðíîñò³ äîñë³äíèõ åìà-
ëåâèõ ïîêðèòò³â; xA, yA – êîîðäèíàòè êîë³ðíîñò³
îïîðíîãî á³ëîãî âèïðîì³íþâàííÿ À; xL, yL –
êîîðäèíàòè êîë³ðíîñò³ íà ëîêóñí³é ë³í³¿, ÿêà
îáìåæóº êîë³ðíå ïîëå íà ä³àãðàì³ ÌÊÎ.

×èì á³ëüøå çíà÷åííÿ Ð, ðîçðàõîâàíå òàêèì
÷èíîì, òèì á³ëüøå â³äõèëåííÿ êîëüîðó åìàëå-
âîãî ïîêðèòòÿ â³ä îáðàíîãî åòàëîíó á³ëîãî êî-
ëüîðó.

Çàëåæí³ñòü äîñë³äíèõ âëàñòèâîñòåé: âîäî-
ñò³éêîñò³ ñêëîôðèò (lgB) òà ÷èñòîòè êîëüîðó ïî-
êðèòò³â (Ð) â³ä âì³ñòó â ¿õ ñêëàä³ áàçîâèõ êîìïî-
íåíò³â îïèñóâàëè åêñïåðèìåíòàëüíî-ñòàòèñòè-
÷íèìè ìîäåëÿìè, çà äîïîìîãîþ ÿêèõ áóëè ïî-
áóäîâàí³ â³äïîâ³äí³ ãðàô³êè [3].
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Ðåçóëüòàòè åêñïåðèìåíò³â òà ¿õ îáãîâîðåí-

íÿ

Åêñïåðèìåíòàëüíî âèÿâëåíî, ùî âî-
äîñò³éê³ñòü äîñë³äíèõ åìàëåâèõ ñòåêîë â çàëåæ-
íîñò³ â³ä âì³ñòó áàçîâèõ êîìïîíåíò³â (ðèñ. 1)
çì³íþºòüñÿ â ìåæàõ 0,005–0,067 ñì3/ã (ñåðåäíº
çíà÷åííÿ òà ñåðåäíüîêâàäðàòè÷íå â³äõèëåííÿ
lgB=–1,663±0,362) ³, ÿê ïåðåäáà÷àëîñü, â³äïîâ³-
äàº ïåðøîìó ã³äðîë³òè÷íîìó êëàñó.

Íåîáõ³äíî çàçíà÷èòè, ùî ïîäàí³ íà ðèñ. 1
çàëåæíîñò³ ïîâí³ñòþ óçãîäæóþòüñÿ ç äàíèìè ïðî
âîäîñò³éê³ñòü áîðîñèë³êàòíèõ ñêëîôðèò, ÿê³
âì³ùóþòü TiO2 òà ïðèçíà÷åí³ äëÿ îäåðæàííÿ
á³ëèõ åìàëåâèõ ïîêðèòò³â [3]. Îêð³ì öüîãî, âñòà-
íîâëåí³ çàêîíîì³ðíîñò³ ïîêàçóþòü, ùî íàéá³ëü-
øîþ âîäîñò³éê³ñòþ â³äð³çíÿþòüñÿ ñêëîôðèòè ³ç
íàñòóïíèì âì³ñòîì áàçîâèõ êîìïîíåíò³â
(ìîë.%): Na2O 12–13, K2O 3, B2O3 10–11, SiO2

49–51.

Ðèñ. 1. Çàëåæí³ñòü çíà÷åíü âîäîñò³éêîñò³ (lgB, ñì3/ã)

äîñë³äíèõ ñêëîôðèò ïðè çàì³ùåíí³ â ¿õ ñêëàä³ SiO2

íà B2O3 ³ Na2O

Íà ðèñ. 2 ïîäàíî âñòàíîâëåí³ êîîðäèíàòè
êîë³ðíîñò³ (x, y) äîñë³äíèõ åìàëåâèõ ïîêðèòò³â,
ùî îäåðæàí³ ïðè òåìïåðàòóðàõ âèïàëó 800, 820,
8400Ñ. Ç íàâåäåíèõ äàíèõ âèäíî, ùî êîë³ðí³ õà-
ðàêòåðèñòèêè åìàëåâèõ ïîêðèòò³â ñóòòºâî
â³äð³çíÿþòüñÿ â³ä ñòàíäàðòó á³ëîãî ñâ³òëà À, ³ öÿ
ð³çíèöÿ îö³íþþòüñÿ ñåðåäí³ì çíà÷åííÿì òà ñå-
ðåäíüîêâàäðàòè÷íèì â³äõèëåííÿì ÷èñòîòè êî-
ëüîðó Ð=4,34±2,44%. Ïðè öüîìó äëÿ á³ëüøîñò³
åìàëåâèõ ïîêðèòò³â êîë³ðíèé òîí, ÿêèé âèçíà-
÷àºòüñÿ äîâæèíîþ ñâ³òëîâî¿ õâèë³ (=565±20 íì),
â³äïîâ³äàº æîâòî-çåëåí³é ÷àñòèí³ âèäèìîãî ñïåê-
òðà. Òîáòî, âñ³ äîñë³äí³ åìàëåâ³ ïîêðèòòÿ íå º
÷èñòî á³ëèìè òà ìàþòü æîâòî-çåëåíèé â³äò³íîê.

Âïëèâ õ³ì³÷íîãî ñêëàäó ñêëîôðèò íà ÷èñ-
òîòó êîëüîðó Ð äîñë³äíèõ ïîêðèòò³â íàäàíî íà
ðèñ. 3. Íàâåäåíèé ãðàô³ê ïîêàçóº, ùî çá³ëüøåí-
íÿ âì³ñòó ó ñêëàä³ ñêëîôðèò Na2O òà B2O3 çà ðà-
õóíîê SiO2 ñïðèÿº çá³ëüøåííþ çíà÷åíü ÷èñòîòè
êîëüîðó Ð äîñë³äíèõ ïîêðèòò³â â³ä 1 äî 8%. Òîá-
òî, ïðè çìåíøåíí³ âì³ñòó ó ñêëîôðèò³ SiO2 ç 59
äî 48 ìîë.% ïîñèëþºòüñÿ æîâòî-çåëåíèé â³äò³íîê
åìàëåâèõ ïîêðèòò³â. Íåîáõ³äíî ïðè öüîìó çà-
çíà÷èòè, ùî íàéá³ëüø ñóòòºâå â³äõèëåííÿ ÷èñ-
òîòè êîëüîðó åìàëåâèõ ïîêðèòò³â â³ä åòàëîíó
á³ëîãî êîëüîðó ñïîñòåð³ãàºòüñÿ ïðè çàì³í³ ó ñêëàä³
ñêëîôðèò SiO2 íà Na2O. Âêàçàíà çàì³íà, ÿê
ñâ³ä÷èòü äàí³ ðèñ. 4, ñïðèÿº òàêîæ ñóòòºâ³é çì³í³
êîë³ðíîãî òîíó ïîêðèòò³â çà ðàõóíîê çá³ëüøåí-

Ðèñ. 2. Êîîðäèíàòè êîë³ðíîñò³ íà ä³àãðàì³ ÌÊÎ äëÿ

ñòàíäàðòíîãî á³ëîãî âèïðîì³íþâàííÿ À ( ) òà äîñë³äíèõ

åìàëåâèõ ïîêðèòò³â îäåðæàíèõ ïðè òåìïåðàòóðàõ âèïàëó

800 ( ), 820 ( ) ³ 840 0Ñ ( )

Ðèñ. 3. Çàëåæí³ñòü çíà÷åíü ÷èñòîòè êîëüîðó Ð (%)

äîñë³äíèõ ïîêðèòò³â ïðè çàì³ùåíí³ â ¿õ ñêëàä³ SiO2

 íà B2O3 ³ Na2O
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íÿ äîâæèíè ñâ³òëîâî¿ õâèë³ (äî =580±6 íì),
ÿêà â³äïîâ³äàº æîâòîìó êîëüîðó.

Âñòàíîâëåí³ çàêîíîì³ðíîñò³ ïîêàçóþòü, ùî
åìàëåâ³ ïîêðèòòÿ ç íàéìåíøèì â³äõèëåííÿì â³ä
åòàëîíó á³ëîãî êîëüîðó ìîæíà îäåðæàòè íà îñ-
íîâ³ ñêëîôðèò ç íàñòóïíèì âì³ñòîì áàçîâèõ êîì-
ïîíåíò³â (ìîë.%): Na2O10, K2O 3, B2O3 11–13,
SiO2 50–52. Îäíàê, âðàõîâóþ÷è äàí³ ðèñ. 1, âêà-
çàíèé ñêëàä ñêëîôðèòè íå ãàðàíòóº îäåðæàííÿ
ïîêðèòò³â ç ìàêñèìàëüíî ìîæëèâîþ âîäî-
ñò³éê³ñòþ. Ïîð³âíÿëüíèé àíàë³ç äàíèõ, íàâåäå-
íèõ íà ðèñ. 2 ³ ðèñ. 3, ïîêàçóº, ùî êîë³ð òèòàíî-
âèõ ïîêðèòò³â ç íàéá³ëüø ìîæëèâîþ âîäî-
ñò³éê³ñòþ ìîæå ìàòè â³äõèëåííÿ â³ä åòàëîíó á³ëî-
ãî êîëüîðó â ìåæàõ 4–6%.

Âèñíîâêè

Äîñë³äæåííÿ âîäîñò³éêîñò³ ñêëîôðèò ç çà-
ãàëüíîþ õ³ì³÷íîþ ôîðìóëîþ

(76–n–m)SiO2nB2O3mNa2O24MexOy

äîçâîëèëî âñòàíîâèòè, ùî íàéá³ëüø âîäîñò³éêè-
ìè º ñêëîôðèòè òà ïîêðèòòÿ íà ¿õ îñíîâ³ ³ç íà-
ñòóïíèì âì³ñòîì áàçîâèõ êîìïîíåíò³â (ìîë.%):
Na2O 12–13, K2O 3, B2O3 10–11, SiO2 49–51.
Êîë³ðí³ õàðàêòåðèñòèêè òèòàíîâèõ åìàëåâèõ
ïîêðèòò³â, ùî îäåðæàí³ íà îñíîâ³ âêàçàíèõ
ñêëîôðèò, ñóòòºâî â³äð³çíÿþòüñÿ â³ä ñòàíäàðò-
íîãî á³ëîãî ñâ³òëà À; ö³ ïîêðèòòÿ ìàþòü æîâòî-
çåëåíèé â³äò³íîê. Íàéá³ëüøå â³äõèëåííÿ ÷èñòî-
òè êîëüîðó òà êîë³ðíîãî òîíó åìàëåâèõ ïîêðèòò³â
â³ä îáðàíîãî åòàëîíó á³ëîãî êîëüîðó ñïîñòåð³-
ãàºòüñÿ ïðè çá³ëüøåíí³ ó ñêëàä³ ñêëîôðèò Na2O
çà ðàõóíîê SiO2. Ïðè öüîìó êîë³ð òèòàíîâèõ
ïîêðèòò³â ç íàéá³ëüøîþ âîäîñò³éê³ñòþ ìàº â³äõè-
ëåííÿ â³ä åòàëîíó á³ëîãî êîëüîðó â ìåæàõ 4–6%.
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PROTECTIVE AND DECORATIVE PROPERTIES OF
TITANIUM GLASS ENAMELS

V.I. Goleus *, T.I. Nahorna, R.I. Kyslychna, S.Yu. Naumenko

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

* e-mail: holvik22@gmail.com

It is known that enamel coatings with enhanced protective
and decorative properties can be fabricated on the basis of boron-
silicate glass frits with an increased content of TiO2 in their
composition. Opacity and white color of enamel coatings are due
to their crystallization at firing temperatures. Titanium glass
enamels are not pure white visually, and show yellow and blue
shades depending on their chemical composition. The purpose
of this work was to establish the influence of basic components
on the water resistance and color characteristics of titanium enamel
coatings. Our experimental study was focused on the glass frits
with the chemical composition described by the generalized
formula (76–n–m)SiO2nB2O3×mNa2O24MexOy, where MexOy

is the total content of TiO2, ZrO2, Al2O3, MgO, ÑaO, P2O5, and
K2O. It was found that the glass frits with the following content
of basic components (mol.%): Na2O 12–13, K2O 3, B2O3 10–11,
SiO2 49–51 demonstrated the highest water-resistant properties.
The color characteristics of titanium enamel coatings prepared
on the basis of the mentioned glass frits differ significantly from
the reference white light A; the titanium enamel coatings under
consideration have a yellow-green tint. The highest deviations of
the enamel coating color purity and color tone from a standard
of white color were observed when increasing the Na2O content
in the glass frits composition at the expense of SiO2. The color of
titanium coatings with the highest water resistance has a deviation
from the standard of white color within 4–6%.

Keywords: glass enamel anticorrosive coatings; boron-
silicate glass frits; water resistance; viscosity; surface tension; color;
color purity; color tone.

Ðèñ.4. Çàëåæí³ñòü êîë³ðíîãî òîíó () äîñë³äíèõ ïîêðèòò³â

ïðè çàì³ùåíí³ â ¿õ ñêëàä³ SiO2 íà Na2O
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