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ÄÂÍÇ «Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò», ì. Äí³ïðî

Ëåãêîïëàâê³ ñâèíöåâîáîðîñèë³êàòí³ ñòåêëà çàñòîñîâóþòüñÿ â åëåêòðîòåõí³ö³ òà ïðè-

ëàäîáóäóâàíí³ ïðè âèãîòîâëåíí³ ãåðìåòè÷íèõ ìåòàëîêåðàì³÷íèõ ñïà¿â. Îñòàíí³ì

÷àñîì âèíèêàº ïîòðåáà â ðîçðîáö³ ñêëîöåìåíò³â äëÿ îäåðæàííÿ òàêèõ ñïà¿â ïðè

òåìïåðàòóð³ íå âèùå 4500Ñ. Ó çâ’ÿçêó ç öèì ó ðîáîò³ äîñë³äæåí³ óìîâè óòâîðåííÿ òà

âëàñòèâîñò³ ñòåêîë ç íàñòóïíèì âì³ñòîì êîìïîíåíò³â (ìîë.%): PbO 30–56, ZnO 5–

20, B2O3 15–40, SiO2 5–25. Ðîçïëàâè ñòåêîë âêàçàíîãî ñêëàäó îäåðæóâàëè ïðè òåì-

ïåðàòóð³ 850–9000Ñ ïðîòÿãîì 30 õâ ç øèõò, ÿê³ ñêëàäåí³ ç êâàðöîâîãî ï³ñêó, áîðíî¿

êèñëîòè òà îêñèä³â öèíêó ³ ñâèíöþ. Ç âèêîðèñòàííÿì çðàçê³â ñòåêîë, îäåðæàíèõ

òàêèì ÷èíîì, áóëè âèçíà÷åí³ ¿õ âëàñòèâîñò³, çíà÷åííÿ ÿêèõ çì³íþâàëèñÿ â íàñòóï-

íèõ ìåæàõ: òåìïåðàòóðíèé êîåô³ö³ºíò ë³í³éíîãî ðîçøèðåííÿ (78–117)10–7 Ê–1;

äèëàòîìåòðè÷íà òåìïåðàòóðà ðîçì’ÿêøåííÿ 290–4300Ñ; ãóñòèíà 4,9–6,7 ã/ñì3. Óçà-

ãàëüíåííÿ çàëåæíîñò³ âëàñòèâîñòåé ñòåêîë â³ä ¿õ õ³ì³÷íîãî ñêëàäó âèêîíàíî çà äî-

ïîìîãîþ àäèòèâíèõ ôîðìóë, äëÿ ÿêèõ åêñïåðèìåíòàëüíî-ñòàòèñòè÷íèìè ìåòîäà-

ìè âèçíà÷åíî ïàðö³àëüí³ âêëàäè îêñèä³â ó çíà÷åííÿ â³äïîâ³äíèõ âëàñòèâîñòåé. Âñòà-

íîâëåíî, ùî íàéìåíøîþ â’ÿçê³ñòþ ðîçïëàâ³â äîñë³äíèõ ñòåêîë, ÿêà îö³íþâàëàñü ¿õ

ðîçò³÷í³ñòþ ïðè òåìïåðàòóð³ 450–5000Ñ ïî ïîâåðõí³ àëþìîîêñèäíî¿ êåðàì³êè, õà-

ðàêòåðèçóþòüñÿ ñòåêëà ç íàéìåíøîþ êðèñòàë³çàö³éíîþ çäàòí³ñòþ òà ñòåêëà, ÿê³

ìàþòü çíà÷åííÿ äèëàòîìåòðè÷íî¿ òåìïåðàòóðè ðîçì’ÿêøåííÿ íå á³ëüøå 3400Ñ.

Õ³ì³÷íèé ñêëàä ñòåêîë, ÿê³ º íàéá³ëüø ïåðñïåêòèâíèìè  äëÿ îäåðæàííÿ ìåòàëîêå-

ðàì³÷íèõ ñïà¿â ïðè òåìïåðàòóð³ 4500Ñ, îáìåæåíèé íàñòóïíèì âì³ñòîì êîìïîíåíò³â

(ìîë.%): PbO 48–55, ZnO 5–14, B2O3 25–35, SiO2 5–15.

Êëþ÷îâ³ ñëîâà: ñêëî, àëþìîîêñèäíà êåðàì³êà, ìåòàë, ñâèíöåâîáîðîñèë³êàòíå ñêëî,

ëåãêîïëàâêå ñêëî, ãåðìåòèçàö³ÿ, ìåòàëîêåðàì³÷íèé ñïàé.

Âñòóï

Â åëåêòðîíí³é, ðàä³îòåõí³÷í³é òà ³íøèõ ãà-
ëóçÿõ ïðîìèñëîâîñò³ äëÿ ñïàþâàííÿ äåòàëåé ç³
ñêëà, êåðàì³êè, ìåòàë³â, à òàêîæ äëÿ îäåðæàííÿ
åëåêòðî³çîëÿö³éíèõ ïîêðèòò³â íà öèõ ìàòåð³àëàõ,
çàñòîñîâóþòü ëåãêîïëàâê³ ñòåêëà â îêñèäí³é ñè-
ñòåì³ PbO–B2O3–SiO2 [1–3].

Ó íèçö³ âèïàäê³â ïðè ñïàþâàíí³ àëþìîîê-
ñèäíî¿ êåðàì³êè ÂÊ-95 ç³ ñïëàâîì 29ÍÊ («êî-
âàð»), ÷åðåç íåáåçïåêó îêèñëåííÿ, äåôîðìàö³¿ àáî
³íøèõ íåáàæàíèõ çì³í ìàòåð³àë³â, ùî çíàõîäÿòüñÿ
â îáëàñò³ ñïàþ, òåìïåðàòóðà óòâîðåííÿ ðîçïëà-
âó ñêëà ç íåâèñîêèìè çíà÷åííÿìè â’ÿçêîñò³ íå
ïîâèííà ïåðåâèùóâàòè 4500Ñ. Íåîáõ³äí³ ïðè
âêàçàí³é òåìïåðàòóð³ çíà÷åííÿ â’ÿçêîñò³ òà ïî-
âåðõíåâîãî íàòÿãó ðîçïëàâó ñêëà çàçâè÷àé äîñÿ-
ãàþòüñÿ ââåäåííÿì äî éîãî ñêëàäó PbO ïîíàä
60 ìîë.%. Ïðîòå ñêëî ç òàêèì âì³ñòîì PbO ìàº
çíà÷åííÿ òåìïåðàòóðíîãî êîåô³ö³ºíòà ë³í³éíîãî

ðîçøèðåííÿ (ÒÊËÐ) â ìåæàõ (90–120)10–7 Ê–1,
ÿê³  ìàéæå âäâ³÷³ á³ëüø³ çà çíà÷åííÿ ÒÊËÐ ìà-
òåð³àë³â, ùî ï³äëÿãàþòü ñïàþâàííþ ((50–
60)10–7 Ê–1). Ó çâ’ÿçêó ç öèì ñïàé, ùî óòâîðå-
íèé çà äîïîìîãîþ ñêëà ç âèñîêèì âì³ñòîì îê-
ñèäó ñâèíöþ, ìàº çíà÷í³ òåðì³÷í³ íàïðóãè, ÿê³
ñïðèÿþòü éîãî ðóéíàö³¿. Çà äàíèìè [4], çìåí-
øèòè çíà÷åííÿ ÒÊËÐ ñòåêîë â îêñèäí³é ñèñòåì³
PbO–B2O3–SiO2 ìîæíà çà ðàõóíîê ââåäåííÿ äî
¿õ ñêëàäó ZnO, à òàêîæ çìåíøåííÿ â íèõ âì³ñòó
PbO òà SiO2. Ïðîòå, ÿê ñâ³ä÷èòü åëåêòðîííà áàçà
äàíèõ SciGlass [5], âïëèâ ZnO íà âëàñòèâîñò³
ñòåêîë â îêñèäí³é ñèñòåì³ PbO–B2O3–SiO2 äîñ-
ë³äæåíî äëÿ ñòåêîë, ÿê³ âì³ùóþòü PbO ïîíàä
60 ìîë.%. Äàí³ ïðî âëàñòèâîñò³ ñòåêîë ç ìåí-
øèì âì³ñòîì PbO â³äñóòí³.

Ó çâ’ÿçêó ç öèì ìåòà ðîáîòè – âñòàíîâèòè
âëàñòèâîñò³ ëåãêîïëàâêèõ ñòåêîë, õ³ì³÷íèé ñêëàä
ÿêèõ îáìåæåíèé íàñòóïíèì âì³ñòîì êîìïî-
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íåíò³â (ìîë.%): PbO 30–56, ZnO 5–20, B2O3 15–
40, SiO2 5–25, òà îáðàòè íàéá³ëüø ïåðñïåêòè-
âíèé ñêëàä ñêëà äëÿ ñïàþâàííÿ àëþìîîêñèäíî¿
êåðàì³êè ÂÊ-95 ç³ ñïëàâîì 29ÍÊ  ïðè òåìïåðà-
òóð³ ~4500Ñ.

Ìåòîäèêà åêñïåðèìåíòàëüíèõ äîñë³äæåíü

Äëÿ ïðèãîòóâàííÿ øèõò äîñë³äíèõ ñòåêîë,
õ³ì³÷íèé ñêëàä ÿêèõ íàäàíî â òàáë.1, âèêîðè-
ñòîâóâàëè  òîíêîìåëåíèé  êâàðöîâèé ï³ñîê òà
õ³ì³÷í³ ðåàêòèâè ìàðîê «õ.÷.» ³ «÷.ä.à.» (Í3BO3,
ZnO, Pb3O4). Âàð³ííÿ ñòåêîë çä³éñíþâàëè â ïëà-
òèíîâèõ òèãëÿõ ºìí³ñòþ 50 ìë â åëåêòðè÷í³é ïå÷³
ç êàðá³äîêðåìí³ºâèìè íàãð³âà÷àìè ïðè òåìïå-
ðàòóð³ 850–9000Ñ ïðîòÿãîì 30 õâ.

Çðàçêè ñòåêîë äëÿ âèçíà÷åííÿ ¿õ âëàñòèâî-
ñòåé âèãîòîâëÿëè ìåòîäîì ëèòòÿ ðîçïëàâó ñêëà
â ñòàëüí³ ôîðìè ç íàñòóïíèì ¿õ â³äïàëîì â ìó-
ôåëüí³é ïå÷³ ïðè òåìïåðàòóð³ 2500Ñ.

Âëàñòèâîñò³ ñòåêîë âèçíà÷àëè çà ñòàíäàðò-
íèìè ìåòîäèêàìè: ãóñòèíó (d) ñòåêîë âèçíà÷à-
ëè ã³äðîñòàòè÷íèì çâàæóâàííÿì çã³äíî ç ÃÎÑÒ
9553–74; äèëàòîìåòðè÷í³ äîñë³äæåííÿ ÒÊËÐ ()
òà äèëàòîìåòðè÷íî¿ òåìïåðàòóðè ðîçì’ÿêøåííÿ
(Mg) çä³éñíþâàëè â³äïîâ³äíî äî ÃÎÑÒ 10978–2014.

Äëÿ âèçíà÷åííÿ òåêó÷îñò³ ðîçïëàâ³â ñòåêîë
òà ¿õ êðèñòàë³çàö³éíî¿ çäàòíîñò³ ìåòîäîì äèôå-
ðåíö³éíî-òåðì³÷íîãî àíàë³çó (ÄÒÀ) âèêîðèñòî-
âóâàëè ïîðîøêè, ùî îäåðæóâàëè ïîäð³áíåííÿì
ñêëà â àãàòîâ³é ñòóïö³ äî äèñïåðñíîñò³, ÿêà îö³-
íþâàëàñü ïðîõîäæåííÿì ÷åðåç ñèòî ¹0063.

Äèôåðåíö³éíî-òåðì³÷íèé àíàë³ç ïîðîøêó
ñêëà ïðîâîäèëè íà äåðèâàòîãðàô³ «Q–1500D» â
³íòåðâàë³ òåìïåðàòóð 20–5000Ñ ïðè øâèäêîñò³
ï³äéîìó òåìïåðàòóðè 50Ñ/õâ. Â ÿêîñò³ åòàëîíó
çàñòîñîâóâàâñÿ ïðîæàðåíèé ïðè òåìïåðàòóð³
14500Ñ ãëèíîçåì.

Òåêó÷³ñòü ðîçïëàâó ñêëà (L) îö³íþâàëè ä³-
àìåòðîì êàïë³, ÿêà óòâîðþâàëàñü ïðè ðîçò³êàíí³
òàáëåòêè ñêëà ìàñîþ 0,35 ã òà ä³àìåòðîì 5 ìì
ïî ïîâåðõí³ êåðàì³êè ÂÊ–95 ïðîòÿãîì 20 õâ ïðè
òåìïåðàòóð³ 450–5000Ñ. Òàáëåòêó ôîðìóâàëè ç
ïîðîøêó ñêëà ìåòîäîì íàï³âñóõîãî ïðåñóâàííÿ.

Ðåçóëüòàòè åêñïåðèìåíò³â  òà ¿õ îáãîâîðåííÿ

Åêñïåðèìåíòàëüíî âñòàíîâëåí³ çíà÷åííÿ âëà-
ñòèâîñòåé äîñë³äíèõ ñòåêîë íàâåäåí³ â òàáë. 2.

Âçàºìîçâ’ÿçîê âëàñòèâîñòåé áàãàòîêîìïî-

№ скла PbO ZnO B2O3 SiO2 

1 31,8 14,5 34 19,7 

2 36,1 7,6 35,6 20,7 

3 36,6 11,6 36,1 15,7 

4 37,1 15,7 36,6 10,6 

5 39 11,9 27,7 21,4 

6 39,5 16,1 28,1 16,3 

7 42,1 8,2 38,5 11,2 

8 42 12,4 28,9 16,7 

9 42 16,5 19,2 22,3 

10 44,7 8,5 29,6 17,2 

11 47,5 8,7 20,3 23,5 

12 45,4 12,9 30,1 11,6 

13 48,3 13,2 20,6 17,9 

14 49 17,9 21 12,1 

15 55,4 9,5 22,2 12,9 

16 55 20 20 5 

17 55 15 25 5 

18 55 10 30 5 

19 55 5 35 5 

20 55 15 20 10 

21 55 10 25 10 

22 55 5 30 10 

23 55 15 15 15 

24 55 10 20 15 

25 55 5 25 15 

26 55 5 20 20 

 

Òàáëèöÿ 1

Õ³ì³÷íèé ñêëàä ñêëà (ìîë.%)
№ 

скла 

ТКЛР, 

107, К–1 
Mg,  
0С 

Густина, 

d, г/см3 

Текучість розплавів 
при 4500С (5000С *),  

L, мм 

1 78 430 4,92 4,3 * 

2 81 410 5,11 4,5 * 

3 86 400 5,24 5,5 * 

4 87 395 5,36 6,6 * 

5 84 390 5,44 5,9 * 

6 95 385 5,62 6,9 * 

7 90 380 5,49 6,8 * 

8 93 380 5,67 7,2 * 

9 99 360 5,81 7,2 * 

10 97 360 5,76 7,4 * 

11 101 355 5,89 8,4 * 

12 98 345 5,78 8,0 * 

13 108 340 6,13 7,9 

14 110 330 6,28 8,4 

15 115 300 6,44 9,8 

16 117 290 6,65 6,4 

17 115 300 6,50 8,0 

18 111 310 6,35 9,9 

19 109 325 6,19 8,4 

20 111 310 6,53 7,5 

21 110 320 6,38 10,2 

22 107 330 6,25 8,4 

23 108 315 6,62 5,9 

24 107 325 6,46 8,1 

25 105 335 6,30 8,9 

26 103 340 6,30 8,4 

 

Òàáëèöÿ 2

Ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³ ñêëà
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íåíòíèõ ñòåêîë ç ¿õ ñêëàäîì â õ³ì³¿ òà òåõíîëîã³¿
ñêëà ïðèéíÿòî âèðàæàòè çà äîïîìîãîþ àäèòèâ-
íî¿ ôîðìóëè

V=(vixi)/100,

äå V – ðîçðàõóíêîâå çíà÷åííÿ âëàñòèâîñòåé ñêëà;
vi – àäèòèâí³ êîåô³ö³ºíòè, àáî òàê çâàí³ ïàðö³-
àëüí³ âíåñêè îêñèä³â ó çíà÷åííÿ âëàñòèâîñòåé
ñêëà; xi – âì³ñò îêñèä³â ó ñêë³, ìîë.%.

Âêàçàí³ àäèòèâí³ ôîðìóëè º êîìïàêòíîþ
ôîðìîþ óçàãàëüíåíîãî òà ê³ëüê³ñíîãî îïèñó  çà-
êîíîì³ðíîñòåé çì³íè âëàñòèâîñòåé ñêëà â³ä éîãî
ñêëàäó. Ó çâ’ÿçêó ç öèì â ðîáîò³ ìåòîäîì ìíî-
æèííî¿ êîðåëÿö³¿ âèçíà÷åíî àäèòèâí³ êîåô³ö³-
ºíòè â ð³âíÿííÿõ äëÿ ðîçðàõóíêó çíà÷åíü ÒÊËÐ,
äèëàòîìåòðè÷íî¿ òåìïåðàòóðè ðîçì’ÿêøåííÿ òà
ãóñòèíè äîñë³äíèõ ñòåêîë (òàáë. 3). Òî÷í³ñòü ðîç-
ðàõóíêó âêàçàíèõ âëàñòèâîñòåé îö³íþâàëè çà
çíà÷åííÿì êîåô³ö³ºíòà ìíîæèííî¿ êîðåëÿö³¿ (R),
à òàêîæ ïîð³âíÿííÿì çàëèøêîâî¿ äèñïåðñ³¿ S2

çàë

ç äèñïåðñ³ºþ ùîäî ñåðåäíüîãî çíà÷åííÿ äîñë³ä-
íèõ âëàñòèâîñòåé S2

y [6,7]. ßê ñâ³ä÷àòü äàí³
òàáë. 3, S2

çàë çíà÷íî ìåíøå S2
y, òîìó ìîæíà ââà-

æàòè ùî ð³âíÿííÿ (1) äîñòàòíüî òî÷íî àïðîêñè-
ìóº åêñïåðèìåíòàëüí³ äàí³ òàáë. 2.

Âñòàíîâëåí³ çíà÷åííÿ àäèòèâíèõ êî-
åô³ö³ºíò³â äëÿ ðîçðàõóíêó ÒÊËÐ óçãîäæóþòüñÿ ç
êîåô³ö³ºíòàìè, ÿê³ çàïðîïîíóâàâ Àïïåí [8] äëÿ
áîðîñèë³êàòíèõ ñòåêîë ç âì³ñòîì SiO2 ïîíàä
45 ìîë.%, òà ñâ³ä÷àòü ïðî òå, ùî ââåäåííÿ äî
ñêëàäó äîñë³äíèõ ñòåêîë ZnO çàì³ñòü PbO áóäå
ñïðèÿòè çìåíøåííþ ¿õ ÒÊËÐ. Ïðîòå, ÿê âèäíî
ç äàíèõ òàáë.3, òàêà çàì³íà îáóìîâëþº íåáàæàíå
ï³äâèùåííÿ çíà÷åíü Mg ñêëà, òîáòî éîãî â’ÿç-
êîñò³. Âêàçàíå ï³äòâåðäæóºòüñÿ òàêîæ ñèëüíèì
êîðåëÿö³éíèì çâ’ÿçêîì ì³æ çíà÷åííÿìè ÒÊËÐ
òà Mg äîñë³äíèõ ñòåêîë (ðèñ. 1).

Êîðåëÿö³éíèé çâ’ÿçîê ì³æ òåêó÷³ñòþ ðîç-
ïëàâ³â äîñë³äíèõ ñòåêîë òà çíà÷åííÿìè ¿õ Mg

(ðèñ. 2) äàº ï³äñòàâó ââàæàòè, ùî ñòåêëà, ÿê³
â³äð³çíÿþòüñÿ íàéá³ëüøîþ òåêó÷³ñòþ ðîçïëàâ³â
³ ó çâ’ÿçêó ç öèì ìîæóòü áóòè íàéá³ëüø ïåð-
ñïåêòèâíèìè äëÿ îäåðæàííÿ ìåòàëîêåðàì³÷íèõ
ñïà¿â ïðè òåìïåðàòóð³ 4500Ñ, ïîâèíí³ ìàòè çíà-

÷åííÿ Mg<3400Ñ. Âêàçàí³ ñòåêëà âì³ùóþòü â ñâî-
ºìó ñêëàä³ PbO 48–55 ìîë.%. Íåîáõ³äíî ïðè öüî-
ìó çàçíà÷èòè, ùî ðîçïëàâè ñòåêîë ç òàêèì
âì³ñòîì PbO â³äð³çíÿþòüñÿ çíà÷åííÿìè òåêó÷îñò³
â äîâîë³ øèðîêèõ ìåæàõ (6–10 ìì). Òîáòî
â’ÿçê³ñòü ¿õ ðîçïëàâ³â çàëåæèòü â îñíîâíîìó â³ä
ñï³ââ³äíîøåííÿ ì³æ âì³ñòîì ó ¿õ ñêëàä³ îêñèä³â
ZnO, B2O3 òà SiO2.

Ç ãðàô³êà, íàâåäåíîãî íà ðèñ. 3, âèäíî, ùî
íàéìåíøó ðîçò³÷í³ñòü ðîçïëàâ³â ïðè òåìïåðàòóð³
4500Ñ ìàþòü ñòåêëà ç âì³ñòîì ZnO ïîíàä
15 ìîë.%. ßê ïîêàçóþòü ðåçóëüòàòè äîñë³äæåíü

Òàáëèöÿ 3

Çíà÷åííÿ àäèòèâíèõ êîåô³ö³ºíò³â (vi), ¿õ ñåðåäíüîêâàäðàòè÷í³ â³äõèëåííÿ (Sv) òà ðåçóëüòàòè ñòàòèñòè÷íîãî

àíàë³çó ðîçðàõóíêîâèõ ôîðìóë

Значення vi ±Sv для відповідних оксидів №  

з/п 

Розрахункові 

властивості скла PbO ZnO B2O3 SiO2 
R S2

ЗАЛ S2
У 

1 ТКЛР, i107, К–1 167±4 94±14 25±7 22±10 0,99 10,7 129,3 

2 
Температура 

розм’якшення, (Mg)i, 
0C 

121±10 381±30 591±16 635±23 0,99 53,3 1429 

3 Густина, di, г/см3 9,11±0,05 5,32±0,16 2,20±0,08 3,02±0,11 0,99 0,00141 0,252 

 

Ðèñ. 2. Êîðåëÿö³ÿ ì³æ çíà÷åííÿìè òåêó÷îñò³ ðîçïëàâ³â (L)

òà Mg ñòåêîë. Êîåô³ö³ºíò ïàðíî¿ êîðåëÿö³¿ r=–0,70

Ðèñ. 1. Êîðåëÿö³ÿ ì³æ çíà÷åííÿìè ÒÊËÐ òà Mg ñòåêîë.

Êîåô³ö³ºíò ïàðíî¿ êîðåëÿö³¿ r=–0,96
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ìåòîäîì ÄÒÀ, öå ïîÿñíþºòüñÿ òèì, ùî ïîðîø-
êè öèõ ñòåêîë ³íòåíñèâíî êðèñòàë³çóþòüñÿ ïðè
âêàçàí³é òåìïåðàòóð³.

Ç ïîäàíèõ íà ðèñ. 4 ãðàô³ê³â ÄÒÀ âèäíî,
ùî ïðè íàãð³âàíí³ ïîðîøêó ñêëà ¹16 (âì³ñò ZnO
20 ìîë.%) äî òåìïåðàòóðè ïîíàä 3800Ñ â³äáó-
âàºòüñÿ éîãî êðèñòàë³çàö³ÿ, ïðî ùî ñâ³ä÷èòü
³íòåíñèâíèé åêçîòåðì³÷íèé åôåêò ç ìàêñèìóìîì
çà òåìïåðàòóðè 4250Ñ. Çìåíøåííÿ âì³ñòó ó ñêë³
ZnO äî 10 ìîë.% ñïðèÿº ñóòòºâîìó çìåíøåííþ
³íòåíñèâíîñò³ öüîãî åêçîåôåêòó, ùî â³äïîâ³äíî
îáóìîâëåíî çìåíøåííÿì êðèñòàë³çàö³éíî¿ çäàò-
íîñò³ ðîçïëàâ³â ñòåêîë ¹ 20 òà ¹ 24 ïðè òåìïå-
ðàòóðàõ âèùå çà 3800Ñ.

Ðèñ. 4. DTA ïîðîøê³â ñòåêîë ç âì³ñòîì ZnO 20 (à), 15 (á)

òà 10 (â) ìîë.%

Îòæå íàéá³ëüø ïåðñïåêòèâíèìè äëÿ îäåð-
æàííÿ ìåòàëîêåðàì³÷íèõ ñïà¿â ïðè òåìïåðàòóð³
íèæ÷å 4500Ñ ìîæóòü áóòè ñòåêëà, ÿê³ ìàþòü äè-
ëàòîìåòðè÷íó òåìïåðàòóðó ðîçì’ÿêøåííÿ <3400Ñ
³ ðîçïëàâè ÿêèõ õàðàêòåðèçóþòüñÿ íèçüêîþ
ñõèëüí³ñòþ äî êðèñòàë³çàö³¿ òà â³äïîâ³äíî äîñ-
òàòíüîþ òåêó÷³ñòþ ïî ïîâåðõí³  àëþìîîêñèäíî¿
êåðàì³êè. ßê ïîêàçóþòü ðåçóëüòàòè âèêîíàíèõ
åêñïåðèìåíò³â, òàê³ ñòåêëà âì³ùóþòü êîìïîíåíòè
â ñâîºìó ñêëàä³ â íàñòóïíèõ ìåæàõ (ìîë.%): PbO
48–55, ZnO 5–14, B2O3 25–35, SiO2 5–15. Ïðîòå
íåäîë³êîì ñòåêîë òàêîãî õ³ì³÷íîãî ñêëàäó º íàä-
òî âèñîê³ çíà÷åííÿ ÒÊËÐ ((105–115)10–7 Ê–1).
Òîìó âîíè ìîæóòü âèêîðèñòîâóâàòèñÿ ÿê îñíî-
âà ëåãêîïëàâêèõ êîìïîçèö³éíèõ  ïðèïî¿â, äî
ñêëàäó ÿêèõ, ç ìåòîþ çíèæåííÿ ¿õ òåïëîâîãî
ðîçøèðåííÿ, ââîäÿòü ïîðîøêè êðèñòàë³÷íèõ
ðå÷îâèí ç íèçüêèì àáî â³ä’ºìíå çíà÷åííÿì ÒÊËÐ
[9,10].

Âèñíîâêè

Åêñïåðèìåíòàëüíèìè äîñë³äæåííÿìè âñòà-
íîâëåíî óìîâè óòâîðåííÿ òà âëàñòèâîñò³ ñòåêîë,
ÿê îñíîâè äëÿ îäåðæàííÿ ìåòàëîêåðàì³÷íèõ ñïà¿â
ç íàñòóïíèì âì³ñòîì êîìïîíåíò³â (ìîë.%): PbO
30–56, ZnO 5–20, B2O3 15–40, SiO2 5–25. Óçà-
ãàëüíåííÿ çàëåæíîñò³ òåìïåðàòóðíîãî êîåô³ö³-
ºíòà ë³í³éíîãî ðîçøèðåííÿ, äèëàòîìåòðè÷íî¿
òåìïåðàòóðè ðîçì’ÿêøåííÿ òà ãóñòèíè äîñë³äíèõ
ñòåêîë â³ä ¿õ õ³ì³÷íîãî ñêëàäó âèêîíàíî çà äî-
ïîìîãîþ àäèòèâíèõ ôîðìóë. Âñòàíîâëåíî, ùî
íàéìåíøîþ â’ÿçê³ñòþ ðîçïëàâ³â äîñë³äíèõ ñòå-
êîë, ÿêà îö³íþâàëàñü ¿õ òåêó÷³ñòþ ïðè òåìïåðà-
òóð³ 450–5000Ñ ïî ïîâåðõí³ àëþìîîêñèäíî¿ êå-
ðàì³êè, õàðàêòåðèçóþòüñÿ ñòåêëà ç íàéìåíøîþ
êðèñòàë³çàö³éíîþ çäàòí³ñòþ òà ñòåêëà, ÿê³ ìà-
þòü çíà÷åííÿ äèëàòîìåòðè÷íî¿ òåìïåðàòóðè ðîç-
ì’ÿêøåííÿ íå á³ëüøå 3400Ñ. Õ³ì³÷íèé ñêëàä ñòå-
êîë, ÿê³ º íàéá³ëüø ïåðñïåêòèâíèìè äëÿ îäåð-
æàííÿ ìåòàëîêåðàì³÷íèõ ñïà¿â ïðè òåìïåðàòóð³
4500Ñ, îáìåæåíèé íàñòóïíèì âì³ñòîì êîìïî-
íåíò³â (ìîë.%): PbO 48–55, ZnO 5–14, B2O3 25–
35, SiO2 5–15.
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PROPERTIES OF LOW-MELTING GLASSES IN THE
SYSTEM PbO–ZnO–B

2
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3
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V.I. Goleus, Y.S. Hordieiev, A.V. Nosenko

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

Low-melting lead borosilicate glasses are used in electrical
engineering and instrument making to manufacture hermetic ceramic-
metal junctions. Thus, there is a need for the development of glass
cements to produce junction at temperatures lower than 4500C. In
this regard, the formation conditions and the properties of glasses
were investigated, the content of the components was as follows
(mol.%): PbO 30–56, ZnO 5–20, B2O3 15–40, and SiO2 5–25%.
The glasses of this composition were melted in platinum crucibles at
a temperature of 850–9000C for 30 minutes. The initial materials
included silica sand, boric acid, zinc oxide and lead oxide. Glasses
obtained in this system possess physicochemical properties varying in
a quite wide range. The dilatometric softening temperature of glass
varied in the range of 290–4300C, the coefficient of linear thermal
expansion varied in the range of (78–117)10–7 Ê–1 and the density
varied from 4.9 to 6.7 g/cm3. The generalization of the dependence
of the properties of glasses on their chemical composition was carried
out using additive formulas for which the partial contributions of
oxides to the values of the corresponding properties have been
determined by experimental and statistical methods. It was found
that very good wettability and spreadability at temperatures of 450–
5000C on the surface of aluminum oxide ceramics are typical of the
glasses with a dilatometric softening temperature of no more than
3400C and with the lowest crystallization ability. The chemical
composition of the glasses, which are the most promising for obtaining
ceramic-metal junctions at a temperature of 4500C, is limited to the
following contents (mol.%): PbO 48–55, ZnO 5–14, B2O3 25–35,
and SiO2 5–15.

Keywords: glass; aluminum oxide ceramic; metal; lead
borosilicate glass; low-melting glass; sealing; ceramic-metal junc-
tions.
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