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Ì²ÊÐÎÑÒÐÓÊÒÓÐÀ ÒÀ ÊÎÐÎÇ²ÉÍ² ÂËÀÑÒÈÂÎÑÒ² ÊÂÀÇ²ÊÐÈÑÒÀË²×ÍÈÕ
ÑÏËÀÂ²Â Al–Cu–Fe, ËÅÃÎÂÀÍÈÕ Si ÒÀ B, Ó ÐÎÇ×ÈÍÀÕ ÊÈÑËÎÒ

Äí³ïðîâñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ Îëåñÿ Ãîí÷àðà

Ó ðîáîò³ äîñë³äæåíî ì³êðîñòðóêòóðó êâàç³êðèñòàë³÷íèõ ñïëàâ³â Al–Cu–Fe, ëåãîâà-

íèõ â³ä 4 äî 7 àò.% êðåìí³þ òà/àáî â³ä 1 äî 3 àò.% áîðó, ³ç çàñòîñóâàííÿì ìåòîä³â

ìåòàëîãðàô³÷íîãî, ðåíòãåíîôëþîðåñöåíòíîãî òà ðåíòãåíîñòðóêòóðíîãî àíàë³ç³â.

Âèçíà÷åíî âïëèâ ëåãóþ÷èõ åëåìåíò³â íà â³äíîñíèé âì³ñò ôàç ó ñòðóêòóð³. Ïîêàçà-

íî, ùî íàéá³ëüøèé âì³ñò êâàç³êðèñòàë³÷íî¿ ³êîñàåäðè÷íî¿ y-ôàçè äîñÿãàºòüñÿ ó ñïëàâ³

Al55Cu25Fe12Si7Â1. Ëåãóâàííÿ êðåìí³ºì ³ áîðîì ñïðèÿº çìåíøåííþ ó ñòðóêòóð³ ñïëàâ³â

âì³ñòó ôàç, áàãàòèõ íà çàë³çî. Êîðîç³éí³ âëàñòèâîñò³ ó âîäíèõ ðîç÷èíàõ êèñëîò HCl,

H2SO4, HNO3, H3PO4 (ðÍ 1,0) âèâ÷åíî ³ç âèêîðèñòàííÿì ãðàâ³ìåòðè÷íîãî ìåòîäó.

Ïîâåðõíþ ñïëàâ³â ï³ñëÿ ïåðåáóâàííÿ â êèñëèõ ðîç÷èíàõ äîñë³äæåíî ìåòîäîì åëåê-

òðîííî¿ ñêàíóâàëüíî¿ ì³êðîñêîï³¿. Âñòàíîâëåíî, ùî ï³ñëÿ ÷îòèðüîõ ãîäèí âèïðîáó-

âàíü íàéá³ëüøà ïèòîìà âòðàòà ìàñè äîñë³äæåíèõ ñïëàâ³â ñïîñòåð³ãàºòüñÿ â ðîç÷è-

íàõ ñóëüôàòíî¿ òà õëîðèäíî¿ êèñëîò, à íàéìåíøà – â ðîç÷èí³ í³òðàòíî¿ êèñëîòè.

Òðèâê³ñòü ó ðîç÷èíàõ êèñëîò òàêîæ çàëåæèòü â³ä â³äíîñíîãî âì³ñòó ôàç ó ñòðóêòóð³

ñïëàâ³â. Öÿ õàðàêòåðèñòèêà çðîñòàº ç³ çá³ëüøåííÿì ê³ëüêîñò³ ôàç ,  òà  ó ñòðóê-

òóð³ òà çìåíøåííÿì ê³ëüêîñò³ áàãàòî¿ íà çàë³çî -ôàçè. Ðóéíóâàííÿ ïîâåðõí³ ñïëàâ³â

â³äáóâàºòüñÿ âíàñë³äîê ïåðåâàæíî¿ êîðîç³¿ -ôàçè òà ì³æôàçíèõ ãðàíèöü ïîä³ëó

– òà –(,). Íàéá³ëüøîþ êîðîç³éíîþ òðèâê³ñòþ â äîñë³äæåíèõ ðîç÷èíàõ êèñ-

ëîò õàðàêòåðèçóºòüñÿ ñïëàâ Al55Cu25Fe12Si7Â1. Ïîð³âíÿíî ç ³íøèìè ñïëàâàìè ïî-

âåðõíÿ ñïëàâó Al55Cu25Fe12Si7Â1 çàçíàº â³äíîñíî ð³âíîì³ðíîãî êîðîç³éíîãî ðóéíó-

âàííÿ. Öåé ñïëàâ ìîæíà çàñòîñóâàòè äëÿ îäåðæàííÿ êîðîç³éíîòðèâêèõ çàõèñíèõ

ïîêðèòò³â íà äåòàëÿõ ðàêåòíî-êîñì³÷íîãî êîìïëåêñó, ùî ïðàöþþòü â óìîâàõ ä³¿

àãðåñèâíèõ êèñëèõ ñåðåäîâèù.
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Âñòóï

Ï³ñëÿ îòðèìàííÿ â 2011 ðîö³ Äàí³åëåì
Øåõòìàíîì Íîáåë³âñüêî¿ ïðåì³¿ ç õ³ì³¿ çà
â³äêðèòòÿ êâàç³êðèñòàë³â, ñïëàâè, â ÿêèõ óòâî-
ðþþòüñÿ ö³ ôàçè, ïðèâåðòàþòü îñîáëèâó óâàãó
ñïåö³àë³ñò³â çàâäÿêè ¿õ óí³êàëüíèì âëàñòèâîñòÿì,
òàêèì ÿê âèñîê³ òâåðä³ñòü, çíîñîñò³éê³ñòü, îêà-
ëèíîñò³éê³ñòü, íèçüêèé êîåô³ö³ºíò òåðòÿ òîùî
[1]. Ç ïðàêòè÷íî¿ òî÷êè çîðè ³íòåðåñ ïðåäñòàâ-
ëÿþòü ëèò³ ñïëàâè Al–Cu–Fe, â ÿêèõ êâàç³êðèñ-
òàë³÷íà ³êîñàåäðè÷íà ôàçà óòâîðþºòüñÿ çà çâè-
÷àéíèõ øâèäêîñòåé îõîëîäæåííÿ. Ïåðñïåêòèâ-
íèì òàêîæ ââàæàºòüñÿ çàñòîñóâàííÿ öèõ ñïëàâ³â
â ÿêîñò³ çàõèñíèõ ïîêðèòò³â â õ³ì³÷íî àêòèâíèõ
ñåðåäîâèùàõ [2,3].

Íà îñíîâ³ äîñë³äæåííÿ åëåêòðîõ³ì³÷íèõ
âëàñòèâîñòåé ôàç êâàç³êðèñòàë³÷íèõ ñïëàâ³â
Al–Cu–Fe âñòàíîâëåíî, ùî ¿õ êîðîç³éíà ïîâåä³í-
êà â ðîç÷èíàõ ñóëüôàòíî¿ êèñëîòè (pH â³ä 0 äî
5) çàëåæèòü íå â³ä àòîìíî¿ ñòðóêòóðè ôàç, à â³ä
¿õ ñêëàäó [4,5]. Ôàçè, áàãàò³ íà ì³äü, ìàéæå íå
êîðîäóþòü, òîä³ ÿê ôàçè ç ìåíøèì âì³ñòîì ì³ä³
ï³ääàþòüñÿ êîðîç³¿. Àâòîðè [6] âêàçóþòü íà òå,
ùî ó òèõ æå ðîç÷èíàõ (pH 3; pH 5) çäåá³ëüøîãî
ðóéíóþòüñÿ ä³ëÿíêè íàâêîëî ãðàíèöü çåðåí ³ á³ëÿ
ì³æôàçíèõ ãðàíèöü ïîä³ëó ç -ôàçîþ. Êð³ì òîãî,
âîíè çàçíà÷àþòü, ùî íà êîðîç³éíó òðèâê³ñòü
âïëèâàº íå ëèøå ñêëàä ôàç, àëå ³ ¿õ â³äíîñíà
ê³ëüê³ñòü ó ñïëàâàõ.

Åôåêòèâíèì ñïîñîáîì óïðàâë³ííÿ â³äíîñ-
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íèì âì³ñòîì ôàç ó ñïëàâàõ º ëåãóâàííÿ. Â³äîìî,
ùî êîíöåíòðàö³éíà îáëàñòü ³ñíóâàííÿ êâàç³êðè-
ñòàë³÷íî¿ ³êîñàåäðè÷íî¿ -ôàçè ó ñïëàâàõ
Al–Cu–Fe â³äíîñíî âóçüêà. Â ë³òåðàòóð³ ïîâ³äîì-
ëÿºòüñÿ ïðî òå, ùî òàê³ ëåãóþ÷³ åëåìåíòè, ÿê
êðåìí³é òà áîð, ðîçøèðþþòü öþ îáëàñòü [7–9].
Äî òîãî æ ö³ åëåìåíòè â³äíîñÿòü äî ãîðîô³ëü-
íèõ, à â³äòàê âîíè ìîæóòü äîäàòêîâî ï³äâèùèòè
òðèâê³ñòü ãðàíèöü ïîä³ëó ó ñòðóêòóð³ ñïëàâ³â
Al–Cu–Fe äî ðóéíóâàííÿ â êèñëèõ ñåðåäîâè-
ùàõ.

Ó ðîáîòàõ [7–12] ïîêàçàíî, ùî ââåäåííÿ
îêðåìî Si àáî Â ïîçèòèâíî âïëèâàº íà çá³ëüøåí-
íÿ îá’ºìíîãî âì³ñòó òà ìåõàí³÷íèõ õàðàêòåðèñ-
òèê -ôàçè. Â³äîìîñò³ ïðî çì³íè ó ñòðóêòóð³
ñïëàâ³â, âèêëèêàí³ îäíî÷àñíèì ââåäåííÿì Si òà
Â, íàâåäåíî â ðîáîòàõ [13–15]. Ëåãóâàííÿ öèìè
åëåìåíòàìè ñïðèÿº çá³ëüøåííþ âì³ñòó y-ôàçè,
à òàêîæ ï³äâèùåííþ ¿¿ ì³êðîòâåðäîñò³.

Òàêèì ÷èíîì, ó ë³òåðàòóð³ îïèñàíî ïîâåä³í-
êó êâàç³êðèñòàë³÷íèõ ñïëàâ³â Al–Cu–Fe ó ðîç-
÷èíàõ ñóëüôàòíî¿ êèñëîòè (pH 0; pH 3; pH 5),
îäíàê íå çíàéäåíî â³äîìîñòåé ùîäî êîðîç³éíî¿
òðèâêîñò³ öèõ ñïëàâ³â, ó òîìó ÷èñë³ ëåãîâàíèõ Si
àáî/òà B, ó ðîç÷èíàõ òàêèõ êèñëîò, ÿê HCl, HNO3,
H3PO4. Õî÷à ïðàêòè÷íå çàñòîñóâàííÿ êâàç³êðè-
ñòàë³÷íèõ ñïëàâ³â ïîòðåáóº ³íôîðìàö³¿ ñòîñîâíî
¿õ îïîðó äî ä³¿ öèõ êèñëîò. Òîìó â ðîáîò³ âèâ÷à-
ëè âïëèâ Si àáî/òà B íà ôàçîâèé ñêëàä êâàç³-
êðèñòàë³÷íèõ ñïëàâ³â Al–Cu–Fe ç ìåòîþ ï³äâè-
ùåííÿ ¿õ êîðîç³éíî¿ òðèâêîñò³ â êèñëèõ ñåðåäî-
âèùàõ.

Ìåòîäèêà åêñïåðèìåíòó

Ñïëàâè Al–Cu–Fe, ëåãîâàí³ Si àáî/òà B,
îäåðæóâàëè ñïëàâëåííÿì õ³ì³÷íî ÷èñòèõ åëå-
ìåíò³â (99,99%) ó ãðàô³òîâèõ òèãëÿõ ó ïå÷³ Òàì-
ìàíà. Øâèäê³ñòü îõîëîäæåííÿ ñïëàâ³â ñòàíîâè-
ëà 5 Ê/ñ. Âì³ñò åëåìåíò³â çì³íþâàâñÿ â êîíöåí-

òðàö³éíèõ ìåæàõ (àò.%): 11–12% Fe; 24–25% Cu;
4–7% Si, 1–3% Â, Al – ðåøòà. Âì³ñò õ³ì³÷íèõ
åëåìåíò³â âèçíà÷àëè ìåòîäîì ðåíòãåíîôëþîðåñ-
öåíòíîãî àíàë³çó íà ïðèëàä³ ÑÅÔ-01-Ì «Ñïðóò».
Ì³êðîñòðóêòóðó ñïëàâ³â âèâ÷àëè çà äîïîìîãîþ
ì³êðîñêîïà «Neophot» òà ñòðóêòóðíîãî àíàë³çà-
òîðà «Epiquant». ²äåíòèô³êàö³þ ôàç âèêîíóâàëè
ìåòîäîì ðåíòãåíîñòðóêòóðíîãî àíàë³çó íà àïà-
ðàò³ ÄÐÎÍ–ÓÌ ç âèêîðèñòàííÿì âèïðîì³íþ-
âàííÿ CuK.

Êîðîç³éí³ âëàñòèâîñò³ ñïëàâ³â äîñë³äæóâà-
ëè ãðàâ³ìåòðè÷íèì ìåòîäîì ïðîòÿãîì 1–4 ãîä ó
ðîç÷èíàõ êèñëîò HCl, H2SO4, HNO3, H3PO4. Âè-
êîðèñòîâóâàëèñü çðàçêè ðîçì³ðîì 1010 ìì, òîâ-
ùèíîþ 3–5 ìì. Äëÿ ïîð³âíÿííÿ ä³¿ êèñëîò âå-
ëè÷èíó âîäíåâîãî ïîêàçíèêà äîâîäèëè äî îäíà-
êîâîãî çíà÷åííÿ (ðÍ 1,0), ÿêå êîíòðîëþâàëè çà
äîïîìîãîþ ³îíîì³ðà ÅÂ–74. Êîðîç³éí³ âèïðî-
áóâàííÿ âèêîíóâàëè çà òåìïåðàòóðè 20±20Ñ ³ç
çàñòîñóâàííÿì òåðìîñòàòó. Ê³ëüê³ñòü ïàðàëåëü-
íèõ äîñë³ä³â 3–5. Ïîâåðõíþ çðàçê³â ï³ñëÿ ïåðå-
áóâàííÿ â êèñëèõ ñåðåäîâèùàõ äîñë³äæóâàëè çà
äîïîìîãîþ ðàñòðîâîãî åëåêòðîííîãî ì³êðîñêî-
ïà ÐÝÌ–106È.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Ñòðóêòóðó áàçîâîãî ñïëàâó Al63Cu25Fe12 óò-
âîðþþòü äåíäðèòè ïåðâèííî¿ l-ôàçè, îòî÷åí³
ïåðèòåêòè÷íèìè îá³äêàìè êâàç³êðèñòàë³÷íî¿ ³êî-
ñàåäðè÷íî¿ -ôàçè (ðèñ. 1,à) [13]. Ïî ãðàíèöÿõ
-ôàçè ðîçòàøîâàí³ êðèñòàëè ôàç  òà . Ïðè
ââåäåíí³ â³ä 4 äî 7 àò.% Si äî ñêëàäó öüîãî ñïëà-
âó âì³ñò -ôàçè ó ñòðóêòóð³ çíèæóºòüñÿ, à ôàç 
³  çðîñòàº (òàáëèöÿ, ðèñ. 1,á òà 1,â). Ê³ëüê³ñòü
êâàç³êðèñòàë³÷íî¿ -ôàçè çà âì³ñòó êðåìí³þ
4 àò.% çìåíøóºòüñÿ, à çà âì³ñòó öüîãî åëåìåíòà
7 àò.% íåçíà÷íî çá³ëüøóºòüñÿ ïîð³âíÿíî ç íåëå-
ãîâàíèì ñïëàâîì.

Àíàëîã³÷í³ çì³íè âì³ñòó ôàç ,  ³  âèêëè-

     

                à                                 á                                  â                                ã                                 ä

Ðèñ. 1. Ì³êðîñòðóêòóðà êâàç³êðèñòàë³÷íèõ ñïëàâ³â Al–Cu–Fe, ëåãîâàíèõ Si àáî Â (1 – -ôàçà; 2 – -ôàçà;

3 –  òà -ôàçè; 4 – ôàçà AlB12; 5 – ôàçà Fe2AlB2): à – Al63Cu25Fe12; á – Al59Cu25Fe12Si4; â – Al56Cu25Fe12Si7;

ã – Al62Cu25Fe12Â1; ä – Al60Cu25Fe12Â3
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êàº ââåäåííÿ äî ñêëàäó áàçîâîãî ñïëàâó â³ä 1 äî
3 àò.% áîðó (òàáëèöÿ). Â³äíîñíèé âì³ñò -ôàçè
ó ñòðóêòóð³ ñïëàâó Al62Cu25Fe12B1 ïðàêòè÷íî íå
çì³íþºòüñÿ, à ó ñòðóêòóð³ ñïëàâó Al60Cu25Fe12B3

– çìåíøóºòüñÿ. Ìîðôîëîã³ÿ ö³º¿ ôàçè âêàçóº íà
¿¿ ïåðâèííå òà ïåðèòåêòè÷íå ïîõîäæåííÿ. Âîíà
ñïîñòåð³ãàºòüñÿ ÿê ó âèãëÿä³ îáîäê³â íàâêîëî
-ôàçè, òàê ³ ó âèãëÿä³ îêðåìèõ ï’ÿòèêóòíèõ äî-
äåêàåäð³â (ðèñ. 1,ã òà 1,ä). Ñåðåä íåãàòèâíèõ
íàñë³äê³â ëåãóâàííÿ áîðîì ñë³ä â³äì³òèòè
çá³ëüøåííÿ ïîðèñòîñò³ ñïëàâ³â äî ~ 9–12 îá.%.
Çà âì³ñòó áîðó 1 àò.% ó ì³ñöÿõ ðîçòàøóâàííÿ
ïîð ñïîñòåð³ãàþòüñÿ îêðóãë³ âêëþ÷åííÿ ôàçè
AlÂ12. Ç³ çá³ëüøåííÿì êîíöåíòðàö³¿ áîðó äî 3 àò.%
äîäàòêîâî ó ñòðóêòóð³ ç’ÿâëÿþòüñÿ ãîëêîïîä³áí³
êðèñòàëè Fe2AlÂ2.

Ðåçóëüòàòè âèçíà÷åííÿ â³äíîñíîãî âì³ñòó ôàç ó
ñïëàâàõ Al–Cu–Fe, ëåãîâàíèõ Si àáî/òà B (îá.%)*

Відносний вміст фаз 
Сплав 

  + 

Al63Cu25Fe12 55,50,5 32,00,3 10,50,7 

Al59Cu25Fe12Si4 47,7±0,3 18,6±0,2 18,3±0,1 

Al56Cu25Fe12Si7 59,7±0,4 15,2±0,1 22,5±0,2 

Al62Cu25Fe12B1 55,3±0,2 19,4±0,1 11,8±0,3 

Al60Cu25Fe12B3 39,2±0,1 28,5±0,5 12,4±0,3 

Al58Cu25Fe12Si4В1 60,5±0,9 18,1±0,2 10,4±0,3 

Al56Cu25Fe12Si4В3 47,5±0,1 26,0±0,5 12,2±0,1 

Al55Cu25Fe12Si7В1 63,9±0,3 12,9±0,7 19,2±0,2 

Al53Cu25Fe12Si7В3 40,3±0,5 23,7±0,1 10,1±0,3 

 
Ïðèì³òêà: * – ðåøòó îá’ºìó çàéìàþòü ïîðè òà ôàçè Fe2AlÂ2

àáî/òà AlÂ12 (ó ñïëàâàõ ³ç âì³ñòîì Â).

Ïîäâ³éíå ëåãóâàííÿ áàçîâîãî ñïëàâó 1 àò.%
áîðó çà âì³ñòó êðåìí³þ 4 àò.% âèêëèêàº
çá³ëüøåííÿ ê³ëüêîñò³ êâàç³êðèñòàë³÷íî¿ -ôàçè
òà çìåíøåííÿ ê³ëüêîñò³ -ôàçè ó ñòðóêòóð³ (òàá-

ëèöÿ, ðèñ. 2,à). Âì³ñò ôàç  ³  ïðàêòè÷íî íå
çì³íþºòüñÿ. Ó ðàç³ ï³äâèùåííÿ âì³ñòó áîðó äî
3 àò.% ê³ëüê³ñòü -ôàçè çíà÷íî çíèæóºòüñÿ, à
-ôàçè – çðîñòàº (ðèñ. 2,á).

Çà âì³ñòó êðåìí³þ 7 àò.% òà áîðó 1 àò.% ó
áàçîâîìó ñïëàâ³ ê³ëüê³ñòü êâàç³êðèñòàë³÷íî¿
-ôàçè º íàéá³ëüøîþ ³ äîñÿãàº 63,9 îá.% (òàá-
ëèöÿ, ðèñ. 2,â). Ó öüîìó ñïëàâ³ òàêîæ íàéìåí-
øèé âì³ñò -ôàçè. Çá³ëüøåííÿ êîíöåíòðàö³¿ áîðó
äî 3 àò.% çà ò³º¿ æ êîíöåíòðàö³¿ êðåìí³þ, ÿê ³ ó
ïîïåðåäíüîìó âèïàäêó, ïðèçâîäèòü äî ð³çêîãî
çìåíøåííÿ âì³ñòó ôàç ,  ³  òà çá³ëüøåííÿ
âì³ñòó -ôàçè (ðèñ. 2,ã).

Äîñë³äæåííÿ êîðîç³éíèõ âëàñòèâîñòåé áà-
çîâîãî ñïëàâó Al63Cu25Fe12 ïîêàçàëè, ùî ï³ñëÿ
ïåðøî¿ ãîäèíè âèïðîáóâàíü ìàñà çðàçê³â íå
çìåíøóºòüñÿ (ðèñ. 3,à), à â ðîç÷èíàõ êèñëîò HCl
òà H3PO4 ¿õ ìàñà íàâ³òü çðîñòàº çà ðàõóíîê íàêî-
ïè÷åííÿ íà ïîâåðõí³ ïðîäóêò³â êîðîç³¿. Ó ïî-
äàëüøîìó â³äáóâàºòüñÿ ðîç÷èíåííÿ ÿê êîìïî-
íåíò³â ñïëàâó, òàê ³ ïðîäóêò³â éîãî êîðîç³¿. Ï³ñëÿ
4 ãîä âèïðîáóâàíü ìàñà çðàçê³â ñïëàâó Al63Cu25Fe12

ó âñ³õ êèñëîòàõ çìåíøóºòüñÿ: ìàêñèìàëüíî â
ñóëüôàòí³é êèñëîò³ (55 ã/ì2) ³ ì³í³ìàëüíî â îð-
òîôîñôàòí³é (6 ã/ì2). Â óñ³õ âèïàäêàõ íà ïîâåðõí³
çðàçê³â ñïîñòåð³ãàºòüñÿ âèä³ëåííÿ ãàçó, ïðè÷îìó
íàéá³ëüø àêòèâíå – ó õëîðèäí³é êèñëîò³.

Ëåãóâàííÿ ñïëàâó êðåìí³ºì çíèæóº éîãî
êîðîç³éíó àêòèâí³ñòü (ðèñ. 3,á òà 3,â). Ó í³òðàòí³é
êèñëîò³ âòðàòè ìàñè çðàçê³â íå ïåðåá³ëüøóþòü
10 ã/ì2, à â ³íøèõ êèñëîòàõ ñêëàäàþòü 20–30 ã/ì2.
Çá³ëüøåííÿ âì³ñòó êðåìí³þ â³ä 4 äî 7 àò.% ìàº
äîäàòêîâèé ïîçèòèâíèé åôåêò. Ï³ñëÿ ââåäåííÿ
äî ñêëàäó ñïëàâ³â áîðó âîíè äîñèòü àêòèâíî âçà-
ºìîä³þòü ç õëîðèäíîþ ³ ñóëüôàòíîþ êèñëîòàìè
òà á³ëüø ³íåðòíî – ç îðòîôîñôàòíîþ ³ í³òðàò-
íîþ (ðèñ. 3,ã òà 3,ä).

Ó ðàç³ ïîäâ³éíîãî ëåãóâàííÿ áàçîâîãî ñïëàâó
êðåìí³ºì ³ áîðîì ñïîñòåð³ãàþòüñÿ òàê³ çàêîíî-

                        à                                      á                                        â                                       ã

Ðèñ. 2. Ì³êðîñòðóêòóðà êâàç³êðèñòàë³÷íèõ ñïëàâ³â Al–Cu–Fe, ëåãîâàíèõ Si òà Â: à –Al58Cu25Fe12Si4Â1; á – Al56Cu25Fe12Si4Â3;

â – Al55Cu25Fe12Si7Â1; ã – Al53Cu25Fe12Si7Â3
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ì³ðíîñò³. Ñïëàâè, ëåãîâàí³ 1 àò.% áîðó, ïðè
çá³ëüøåíí³ â íèõ âì³ñòó êðåìí³þ ç 4 äî 7 àò.%
ñòàþòü á³ëüø ³íåðòíèìè (ðèñ. 3,å òà 3,æ). Òàê, ó
ñóëüôàòí³é êèñëîò³ ïèòîìà âòðàòà ìàñè çíè-
æóºòüñÿ ç 37 ã/ì2 äî 18 ã/ì2, à â í³òðàòí³é – ç
24 ã/ì2 äî 9 ã/ì2. Àíàëîã³÷íî ïîâîäÿòü ñåáå ñïëà-
âè, ùî ì³ñòÿòü  3 àò.% áîðó (ðèñ. 3,º òà 3,ç). Äëÿ
íèõ ï³äâèùåííÿ âì³ñòó êðåìí³þ òàêîæ çíèæóº
êîðîç³éíó àêòèâí³ñòü.

Ç ëåãîâàíèõ êðåìí³ºì àáî/òà áîðîì çðàçê³â
íàéá³ëüø ñò³éêèì äî ä³¿ êèñëîò âèÿâèâñÿ ñïëàâ
Al55Cu25Fe12Si7B1. Öåé ðåçóëüòàò äîáðå óçãîäæóºòü-
ñÿ ç âèñíîâêàìè, çðîáëåíèìè â ðîáîò³ [6] ùîäî
ï³äâèùåíîãî îïîðó êîðîç³¿ â ðîç÷èíàõ ñóëüôàò-
íî¿ êèñëîòè ñïëàâ³â, ó ñòðóêòóð³ ÿêèõ äîì³íóþòü
ôàçè ,  ³ , à âì³ñò -ôàçè – íàéìåíøèé. Óñ³
ëåãîâàí³ ñïëàâè ï³ñëÿ ÷îòèðüîõ ãîäèí âèïðîáó-
âàíü ïîêàçàëè íàéá³ëüø³ ïèòîì³ âòðàòè ìàñè â
ðîç÷èíàõ ñóëüôàòíî¿ òà õëîðèäíî¿ êèñëîò, à íàé-
ìåíø³ – â ðîç÷èí³ í³òðàòíî¿ êèñëîòè.

Çà äàíèìè ñêàíóâàëüíî¿ åëåêòðîííî¿
ì³êðîñêîï³¿ ä³ÿ êèñëîò ïðèçâîäèòü äî íàñòóï-

íèõ çì³í. Íà ðèñ. 4,à òà 4,á íàâåäåíî ð³çí³ ä³ëÿíêè
ïîâåðõí³ çðàçêà ñïëàâó Al63Cu25Fe12 (âèãëÿä çâåð-
õó) ï³ñëÿ éîãî îáðîáëåííÿ ðîç÷èíîì H2SO4. ßê
âèäíî, ñïîñòåð³ãàþòüñÿ çîíè íåð³âíîì³ðíîãî ðîç-
âèòêó êèñëîòíî¿ êîðîç³¿. Êðèñòàë³÷íà -ôàçà êî-
ðîäóº ñèëüí³øå, í³æ êâàç³êðèñòàë³÷íà -ôàçà.
Êîðîç³ÿ ïåðåâàæíî ëîêàë³çóºòüñÿ âçäîâæ ì³æôàç-
íèõ ãðàíèöü – òà –(,) (ðèñ. 4,á). Ó ñòðóê-
òóð³ çëàìó (ïîïåðå÷íèé ïåðåð³ç) ïîáëèçó ïî-
âåðõí³ çðàçêà Al63Cu25Fe12, ùî çàçíàëà ä³þ ñóëü-
ôàòíî¿ êèñëîòè, íàÿâí³ ä³ëÿíêè ì³æêðèñòàë³ò-
íîãî òà ì³æôàçíîãî ðóéíóâàííÿ (ðèñ. 4,â).

Íà ðèñ. 4,ã òà 4,ä íàâåäåíî ÑÅÌ-ôîòîãðàô³¿
ïîâåðõí³ çðàçêà ñïëàâó Al55Cu25Fe12Si7B1 ï³ñëÿ
éîãî ïåðåáóâàííÿ ó ðîç÷èí³ ñóëüôàòíî¿ êèñëî-
òè. Â³äíîñíî ð³âíîì³ðíå êîðîç³éíå ðóéíóâàííÿ
ïîâåðõí³ ñóïðîâîäæóºòüñÿ ¿¿ òðàâëåííÿì, ùî
äîçâîëÿº âèÿâèòè ñòðóêòóðó äåíäðèò³â êðèñòà-
ë³÷íî¿ -ôàçè (ðèñ. 4,ä). Ó ñòðóêòóð³ çëàìó ïî-
áëèçó ïîâåðõí³ çðàçêó ñïîñòåð³ãàþòüñÿ ä³ëÿíêè
êèñëîòíîãî ðóéíóâàííÿ, ïðè÷îìó äëÿ -ôàçè
âîíî ìàº íåð³âíîì³ðíèé õàðàêòåð (ðèñ. 4,å).

                             º                                                       æ                                                            ç

Ðèñ. 3. Çàëåæíîñò³ çì³íè ìàñè îäèíèö³ ïîâåðõí³ çðàçê³â ñïëàâ³â Al63Cu25Fe12 (à), Al59Cu25Fe12Si4 (á), Al56Cu25Fe12Si7 (â),

Al62Cu25Fe12Â1 (ã), Al60Cu25Fe12Â3 (ä), Al58Cu25Fe12Si4B1 (å), Al56Cu25Fe12Si4B3 (º), Al55Cu25Fe12Si7B1 (æ), Al53Cu25Fe12Si7B3 (ç)

â³ä ÷àñó îáðîáêè ó ðîç÷èíàõ êèñëîò (ðÍ 1,0): 1 – HCl; 2 – H2SO4; 3 – H3PO4; 4 – HNO3
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Âèñíîâêè

Ïîð³âíþþ÷è ðåçóëüòàòè âèçíà÷åííÿ â³äíîñ-
íîãî âì³ñòó ôàç ó ñïëàâàõ Al–Cu–Fe, ëåãîâàíèõ
Si àáî/òà B, òà ðåçóëüòàòè êîðîç³éíèõ âèïðîáó-
âàíü, ìîæíà çàêëþ÷èòè íàñòóïíå. Ââåäåííÿ
êðåìí³þ ìàº ïîçèòèâíèé âïëèâ íà êîðîç³éíó
òðèâê³ñòü ñïëàâ³â çàâäÿêè çìåíøåííþ âì³ñòó
-ôàçè òà çá³ëüøåííþ âì³ñòó ôàç ,  ³  ó ñòðóê-
òóð³. Ïðè÷îìó á³ëüøèé âïëèâ ìàº çì³íà âì³ñòó
-ôàçè. Òîìó çíèæåííÿ êîðîç³éíî¿ òðèâêîñò³
ñïëàâ³â Al–Cu–Fe, ëåãîâàíèõ êðåìí³ºì, ó ðàç³
ââåäåííÿ áîðó, ìîæíà ïîÿñíèòè çìåíøåííÿì
âì³ñòó ôàç  ³  òà çá³ëüøåííÿì âì³ñòó -ôàçè.
Íåçâàæàþ÷è íà çðîñòàííÿ âì³ñòó êâàç³êðèñòàë³-
÷íî¿ -ôàçè äî 60,5 îá.% ó ñïëàâ³ Al58Cu25Fe12Si4Â1

çàâäÿêè ââåäåííþ áîðó, éîãî îï³ð êîðîç³¿ ïî-
ì³òíî íå çì³íþºòüñÿ. Öå ìîæå áóòè ïîâ’ÿçàíî ç³
çá³ëüøåííÿì äîâæèíè ì³æôàçíèõ ãðàíèöü ïîä³-
ëó – òà –(,) ó ñòðóêòóð³. Êð³ì òîãî, çíè-
æåííÿ êîðîç³éíî¿ òðèâêîñò³ ìîæå áóòè âèêëè-
êàíå á³ëüøîþ ïîðèñò³ñòþ ñïëàâ³â, ëåãîâàíèõ
áîðîì. Î÷³êóâàíî íàéêðàù³ àíòèêîðîç³éí³ âëàñ-
òèâîñò³ â ðîç÷èíàõ êèñëîò ìàº ñïëàâ
Al55Cu25Fe12Si7Â1, ó ñòðóêòóð³ ÿêîãî çà íàéá³ëü-
øîãî âì³ñòó êâàç³êðèñòàë³÷íî¿ -ôàçè òà äîñòàò-
íüî âåëèêî¿ ê³ëüêîñò³ ôàç  ³ , âì³ñò -ôàçè
íàéìåíøèé.
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MICROSTRUCTURE AND CORROSION PROPERTIES OF
QUASICRYSTAL Al–Cu–Fe ALLOYS ALLOYED WITH Si
AND B IN ACIDIC SOLUTIONS

Î.V. Sukhova, V.À. Polonskyy, Ê.V. Ustinîvà

Oles Honchar Dnipro National University, Dnipro, Ukraine

The microstructure of quasicrystal Al–Cu–Fe alloys doped
with 4 to 7 at.%. of silicon or/and with 1 to 3 at.%. of boron has
been investigated in this work using metallographic, X-ray fluorescent
and X-ray diffraction analyses. The influence of alloying elements
on the relative phase content in the structure has been determined.
The highest amount of quasicrystalline icosahedric y-phase is reached
in the structure of the Al55Cu25Fe12Si7Â1 alloy. Alloying with silicon
and boron favors a decrease in the content of iron-rich phases of the
alloys structure. Corrosion behavior in aqueous acidic solutions of
HCl, H2SO4, HNO3 and H3PO4 (ðÍ 1.0) was studied by means of
gravimetric method. The alloys surface affected by acidic solutions
was investigated using electron scanning microscopy. After 4 hours
of tests, the highest mass loss per unit area for the investigated samples
was observed in sulfuric and hydrochloric acid solutions, and the
least mass loss per unit area was detected in nitric acid solution. The
corrosion resistance in the acids also depends on the relative phase
content of the alloys structure. The corrosion stability increases with
increasing -, - and -phases content and decreasing iron-rich
-phase content. The corrosion mainly occurs in the areas where
-phase or – and –(,) interfaces are located. Al55Cu25Fe12Si7Â1

alloy shows the highest corrosion resistance in the investigated acidic
solutions. As compared with other alloys, the surface of the
Al55Cu25Fe12Si7Â1 alloy corrodes more homogeneously. This alloy
can be used as corrosion-resistant coating to protect the surface of
the parts of rocket-and-space complex working in aggressive acidic
media.

Keywords: quasicrystal alloy; alloying component; relative
phase content; acidic solution; corrosion resistance.
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