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Äí³ïðîâñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ Îëåñÿ Ãîí÷àðà, ì. Äí³ïðî

Ó ðîáîò³ äîñë³äæóâàëè åëåêòðîõ³ì³÷í³ âëàñòèâîñò³ êâàç³êðèñòàë³÷íèõ ñïëàâ³â
Al–Cu–Fe–(Si,B) òà Al–Ni–Fe â ðîç÷èí³ 3,0 Ì NaCl (ðÍ 7,0). Åëåêòðîõ³ì³÷í³ ïàðà-
ìåòðè âèçíà÷àëè øëÿõîì ðåºñòðàö³¿ Å,t – çàëåæíîñòåé. Ïîâåðõíþ òà çëàìè ñïëàâ³â
ï³ñëÿ ïåðåáóâàííÿ â êîðîç³éíîìó ðîç÷èí³ îõàðàêòåðèçîâàíî ìåòîäîì ñêàíóâàëüíî¿
åëåêòðîííî¿ ì³êðîñêîï³¿. Âñòàíîâëåíî, ùî êîðîç³ÿ ñïëàâ³â Al–Cu–Fe–(Si,B) ó âîä-
íîìó ðîç÷èí³ íàòð³é õëîðèäó â³äáóâàºòüñÿ çà åëåêòðîõ³ì³-÷íèì ìåõàí³çìîì ç óòâî-
ðåííÿì íà ïîâåðõí³ íåðîç÷èííèõ ñïîëóê Ôåðóìó. Ëåãóâàííÿ ñïëàâ³â Al–Cu–Fe
ââåäåííÿì Si òà B çàáåçïå÷óº ãàëüìóâàííÿ àíîäíî¿ ðåàêö³¿ ³ ïðîöåñó êîðîç³¿ â ö³ëî-
ìó. Êðåìí³é ìàº á³ëüøèé âïëèâ íà õ³ì³÷íó àêòèâí³ñòü ñïëàâ³â, í³æ áîð. Ïîäâ³éíå
ëåãóâàííÿ äîñë³äæåíèõ ñïëàâ³â Al–Cu–Fe öèìè åëåìåíòàìè çà âì³ñòó êðåìí³þ
7 àò.% òà áîðó 3 àò.% çàáåçïå÷óº íàéá³ëüøó êîðîç³éíó ñò³éê³ñòü ó âîäíîìó ðîç÷èí³
NaCl. Ñïëàâè Al–Ni–Fe ïðàêòè÷íî íå êîðîäóþòü ó ðîç÷èí³ íàòð³é õëîðèäó. Ïðè
ïåðåõîä³ â³ä ñïëàâó Al72Fe15Ni13 äî ñïëàâó Al71,6Ni23Fe5,4 ñòàö³îíàðíèé åëåêòðîäíèé
ïîòåíö³àë íàáóâàº ìåíø â³ä’ºìíèõ çíà÷åíü, à çîíà åëåêòðîõ³ì³÷íî¿ ïàñèâíîñò³ ðîç-
øèðþºòüñÿ çà ðàõóíîê ãàëüìóâàííÿ àíîäíèõ ïðîöåñ³â. Åëåêòðîííî-ì³êðîñêîï³÷í³
äîñë³äæåííÿ âêàçóþòü íà ï³ò³íãîâèé õàðàêòåð êîðîç³¿. Ï³ò³íãîâ³ ä³ëÿíêè âèÿâëåí³
ïåðåâàæíî â ì³ñöÿõ ðîçòàøóâàííÿ ôàç, áàãàòèõ íà çàë³çî, òà ì³æôàçíèõ ìåæ ïîä³ëó.
¯õ ê³ëüê³ñòü òà ðîçì³ðè íà ïîâåðõí³ ñïëàâ³â Al–Ni–Fe çíà÷íî ìåíø³, í³æ íà ïî-
âåðõí³ ñïëàâ³â Al–Cu–Fe–(Si,B).
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Âñòóï

Êâàç³êðèñòàë³÷í³ ëèò³ ñïëàâè Al–Cu–Fe òà
Al–Ni–Fe âèçíàí³ ñïåö³àë³ñòàìè ÿê íàéá³ëüø
ïåðñïåêòèâí³ ñó÷àñí³ ìàòåð³àëè, ïðàêòè÷íå çàñ-
òîñóâàííÿ ÿêèõ âèçíà÷àþòü ¿õ óí³êàëüí³ õ³ì³÷í³
òà ô³çè÷í³ âëàñòèâîñò³ [1,2]. Ö³ âëàñòèâîñò³
ñïëàâ³â çàáåçïå÷óþòüñÿ çàâäÿêè óòâîðåííþ â ¿õ
ñòðóêòóð³ êâàç³êðèñòàë³÷íèõ ôàç ð³çíîãî òèïó.
Òàê, ó ñïëàâàõ Al–Cu–Fe çà çâè÷àéíèõ øâèäêî-
ñòåé îõîëîäæåííÿ êðèñòàë³çóºòüñÿ òðèâèì³ðíà
³êîñàåäðè÷íà -ôàçà, ÿê³é âëàñòèâå êâàç³ïåð³-
îäè÷íå ðîçòàøóâàííÿ àòîì³â ó òðüîõ íàïðÿìêàõ
[2,3]. Ó ñïëàâàõ Al–Ni–Fe óòâîðþºòüñÿ äâîâèì³ð-
íà äåêàãîíàëüíà D-ôàçà, äëÿ ÿêî¿ õàðàêòåðíèé
êâàç³ïåð³îäè÷íèé ïîðÿäîê ó ðîçòàøóâàíí³ àòîì³â
ó ïëîùèí³ òà ïåð³îäè÷íèé ïîðÿäîê ó ïåðïåíäè-
êóëÿðíîìó äî ö³º¿ ïëîùèíè íàïðÿìêó [4,5].

Â³äîìî, ùî êâàç³êðèñòàëè ìîæóòü åôåêòèâ-

íî îïèðàòèñÿ êîðîç³¿ çàâäÿêè óòâîðåííþ íà ¿õ
ïîâåðõí³ òîíêîãî çàõèñíîãî øàðó [6]. Â³äì³íí³ñòü
ó ñòðóêòóð³ êâàç³êðèñòàë³÷íèõ ôàç, ùî óòâîðþ-
þòüñÿ ó ñïëàâàõ Al–Cu–Fe òà Al–Ni–Fe, ïîâèííà
âïëèâàòè íà ¿õ âëàñòèâîñò³, çîêðåìà íà êîðîç³é-
íó òðèâê³ñòü ó ðîç÷èíàõ ñîëåé. Äîñë³äæåííÿ
ïîâåä³íêè ñïëàâ³â Al–Cu–Fe ó âîäíîìó ñîëüî-
âîìó ðîç÷èí³, ùî ì³ñòèòü 3% NaCl, ïîêàçàëè
ð³âíîì³ðíå ðîç÷èíåííÿ ¿õ ïîâåðõí³ íåçàëåæíî
â³ä ñêëàäó öèõ ñïëàâ³â [6]. Øâèäê³ñòü ðîç÷èíåííÿ
çìåíøóºòüñÿ ç³ çá³ëüøåííÿì ó ñòðóêòóð³ âì³ñòó
ôàç, áàãàòèõ íà ì³äü. Ðîç÷èíåííÿ ñóïðîâîäæóºòü-
ñÿ ïîâòîðíèì îñàäæåííÿì ì³ä³ íà ïîâåðõíþ
çðàçê³â. Ïîòåíö³àëè êîðîç³¿ ñïëàâ³â Al–Cu–Fe
çì³íþþòüñÿ â ìåæàõ â³ä –880 ìÂ äî –730 ìÂ.

Âèïðîáóâàííÿ ó êë³ìàòè÷í³é êàìåð³ ïðîòÿ-
ãîì 120 ãîä çà òåìïåðàòóðè 350Ñ â àòìîñôåð³
ðîçïèëåíîãî ðîç÷èíó 5% NaCl (óìîâè òðèð³÷íî¿
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åêñïëóàòàö³¿) íå âèÿâèëè âïëèâó êâàç³êðèñòàë³-
÷íî¿ ôàçè ó ñòðóêòóð³ íà ï³äâèùåííÿ êîðîç³éíî¿
òðèâêîñò³. Íà ïîâåðõí³ ö³º¿ ôàçè óòâîðþºòüñÿ
âêðèòèé òð³ùèíàìè òîâñòèé øàð ôàç Cu, Cu2O
òà Al(OH)3 [7].

²íôîðìàö³ÿ ïðî âïëèâ ëåãóâàííÿ Si òà B íà
êîðîç³éíó òðèâê³ñòü ñïëàâ³â Al–Cu–Fe ó ðîç÷è-
íàõ NaCl, ó ë³òåðàòóð³ â³äñóòíÿ, õî÷à â³äîìèé
ïîçèòèâíèé âïëèâ öèõ åëåìåíò³â íà ô³çèêî-ìå-
õàí³÷í³ âëàñòèâîñò³ òà êîðîç³éíó òðèâê³ñòü ó ðîç-
÷èíàõ êèñëîò [8–12]. Ìîæíà òàêîæ ïðèïóñòèòè,
ùî çàì³íà ì³ä³ íà í³êåëü ó ñêëàä³ ñïëàâ³â Al–
Cu–Fe ìîæå ñïðèÿòè ï³äâèùåííþ ¿õ îïîðó äî
ä³¿ ñîëüîâèõ ðîç÷èí³â, îäíàê â³äîìîñò³ ïðî òàê³
äîñë³äæåííÿ ñïëàâ³â Al–Ni–Fe â ë³òåðàòóð³ íå
çíàéäåí³.

Òàêèì ÷èíîì, ïðàêòè÷íå çàñòîñóâàííÿ êâà-
ç³êðèñòàë³÷íèõ ñïëàâ³â ÷àñòî ïîâ’ÿçàíå ç çàáåç-
ïå÷åííÿì ¿õ âèñîêî¿ êîðîç³éíî¿ òðèâêîñò³. Âðà-
õîâóþ÷è òå, ùî êîðîç³ÿ ó âîäíîìó ðîç÷èí³ NaCl
â³äíîñèòüñÿ äî íàéïîøèðåí³øèõ âèä³â êîðîç³¿,
ó ðîáîò³ äîñë³äæóâàëè åëåêòðîõ³ì³÷í³ âëàñòèâîñò³
ëèòèõ ñïëàâ³â Al–Cu–Fe–(Si,B) òà Al–Ni–Fe ó
êîíöåíòðàö³éíèõ ä³àïàçîíàõ óòâîðåííÿ êâàç³-
êðèñòàë³÷íî¿ ôàçè ç ìåòîþ ðîçðîáêè ñêëàäó êî-
ðîç³éíî-òðèâêèõ ïîêðèòò³â.

Ìåòîäèêà åêñïåðèìåíòó

Ñïëàâ Al63Cu25Fe12, ó òîìó ÷èñë³ ëåãîâàíèé
4–7 àò.% Si àáî/òà 1–3 àò.% Â, à òàêîæ ñïëàâè
Al72Fe15Ni13 òà Al71,6Ni23Fe5,4 îòðèìóâàëè ñïëàâëåí-
íÿì õ³ì³÷íî ÷èñòèõ åëåìåíò³â (99,99%) ó ãðàô³-
òîâèõ òèãëÿõ ó ïå÷³ Òàììàíà. Øâèäê³ñòü îõî-
ëîäæåííÿ ñïëàâ³â Al–Cu–Fe–(Si,B) òà Al–Ni–
Fe ñòàíîâèëà 5 Ê/ñ. Âì³ñò õ³ì³÷íèõ åëåìåíò³â
âèçíà÷àëè ìåòîäîì ðåíòãåíîôëþîðåñöåíòíîãî
àíàë³çó íà óñòàíîâö³ ÑÅÔ-01-Ì «Ñïðóò». Ì³êðî-
ñòðóêòóðó ñïëàâ³â âèâ÷àëè íà îïòè÷íîìó ì³êðîñ-
êîï³ «Neophot». ²äåíòèô³êàö³þ ôàç ïðîâîäèëè
ìåòîäîì ðåíòãåíîñòðóêòóðíîãî àíàë³çó íà àïà-
ðàò³ ÄÐÎÍ-ÓÌ-1 ç âèêîðèñòàííÿì õàðàêòåðè-
ñòè÷íîãî âèïðîì³íþâàííÿ CuK.

Åëåêòðîõ³ì³÷í³ âëàñòèâîñò³ ñïëàâ³â âèçíà-
÷àëè çà òåìïåðàòóðè 20±20Ñ ó âîäíîìó ðîç÷èí³
3,0 ìîëü/ë íàòð³é õëîðèäó (ðÍ 7,0). Âèá³ð åëåê-
òðîë³òó NaCl â ÿêîñò³ àãðåñèâíîãî ñåðåäîâèùà
îáóìîâëåíèé éîãî àêòèâíîþ ä³ºþ íà îêñèäíó
ïë³âêó àëþì³í³þ, ðåçóëüòàòîì ÿêîãî º ï³ò³íãîâà
êîðîç³ÿ ñïëàâó [13]. Çðàçêè òîâùèíîþ 3–5 ìì
ìàëè ðîçì³ðè (1010) ìì. Âîäíåâèé ïîêàçíèê
êîðîç³éíîãî ñåðåäîâèùà êîíòðîëþâàëè òà êîðå-
ãóâàëè çà äîïîìîãîþ ³îíîì³ðà ÅÂ-74. Äëÿ âèêî-
íàííÿ ÿê³ñíîãî àíàë³çó îñàä, ùî óòâîðþâàâñÿ íà
ïîâåðõí³ çðàçê³â ó õîä³ âèïðîáóâàíü, â³äîêðåì-
ëþâàâñÿ, ïðîìèâàâñÿ äèñòèëüîâàíîþ âîäîþ òà

ðîç÷èíÿâñÿ â õëîðèäí³é êèñëîò³ (1:1). Äëÿ âèÿâ-
ëåííÿ ³îí³â Fe2+, Fe3+, Al3+ âèêîðèñòîâóâàëèñü
ðîç÷èíè ÷åðâîíî¿ ³ æîâòî¿ êðîâ’ÿíî¿ ñîëåé òà
àëþì³íîíó.

Âåëè÷èíè ñòàö³îíàðíèõ ïîòåíö³àë³â âèçíà-
÷àëè øëÿõîì ðåºñòðàö³¿ Å,t – çàëåæíîñò³ (äî îò-
ðèìàííÿ íåçì³ííîãî çíà÷åííÿ) çà äîïîìîãîþ
ïîòåíö³îñòàòà Ï²-50-1 ç ïðîãðàìàòîðîì ÏÐ-8 ç
âèêîðèñòàííÿì òðüîõåëåêòðîäíî¿ êîì³ðêè. Ïðè
ðåºñòðàö³¿ âîëüòàìïåðîãðàì ïîòåíö³àë ðîçãîðòàâñÿ
â³ä ñâîãî ñòàö³îíàðíîãî çíà÷åííÿ â êàòîäíèé ÷è
àíîäíèé á³ê ç³ øâèäê³ñòþ ðîçãîðòêè 1,0 ìÂ/ñ äî
ïî÷àòêó ð³çêîãî çðîñòàííÿ ãóñòèíè ñòðóìó. Äî-
ïîì³æíèì åëåêòðîäîì ñëóãóâàëà ïëàòèíîâà ïëà-
ñòèíêà, åëåêòðîäîì ïîð³âíÿííÿ – õëîðèäîñð³á-
íèé ï³âåëåìåíò. Ïîâåðõíþ çðàçê³â òà ¿õ ïîïå-
ðå÷íèõ çëàì³â ï³ñëÿ ïåðåáóâàííÿ â ñîëüîâèõ ðîç-
÷èíàõ äîñë³äæóâàëè çà äîïîìîãîþ ðàñòðîâîãî
åëåêòðîííîãî ì³êðîñêîïà ÐÅÌ-106È â ðåæèì³
âòîðèííèõ åëåêòðîí³â. Çëàìè âèâ÷àëè ï³ñëÿ ðóé-
íàö³¿ çðàçê³â íà ñïåö³àëüíîìó ïðåñ³ øëÿõîì äè-
íàì³÷íîãî íàâàíòàæåííÿ.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Çà äàíèìè ìåòàëîãðàô³÷íîãî àíàë³çó ñïëà-
âè Al–Cu–Fe, ó òîìó ÷èñë³ ëåãîâàí³ 4–7 àò.% Si,
ìàþòü ÷îòèðèôàçíó ñòðóêòóðó (òàáë. 1). Â í³é
óòâîðþþòüñÿ ïåðâèíí³ êðèñòàëè -ôàçè ó âèã-
ëÿä³ ïëîñêîãðàííèõ äåíäðèò³â, îòî÷åí³ îá³äêà-
ìè êâàç³êðèñòàë³÷íî¿ ³êîñàåäðè÷íî¿ -ôàçè ïå-
ðèòåêòè÷íîãî ïîõîäæåííÿ [14]. Îáèäâ³ ôàçè ðîç-
òàøîâàí³ íà ôîí³ ôàç ,  òà . Ïðè ââåäåíí³
1 àò.% Â ó ñòðóêòóð³ äîäàòêîâî ç’ÿâëÿþòüñÿ îê-
ðóãë³ âêëþ÷åííÿ áîðèä³â AlÂ12, à ïðè çá³ëüøåíí³
êîíöåíòðàö³¿ áîðó äî 3 àò.% äîäàòêîâî óòâîðþ-
þòüñÿ êðèñòàëè Fe2AlÂ2 (òàáë. 1).

Ó ñòðóêòóð³ ñïëàâó Al72Fe15Ni13 êðèñòàë³-
çóºòüñÿ ïåðâèííà ôàçà Al5FeNi, ðîçòàøîâàíà íà
ôîí³ êâàç³êðèñòàë³÷íî¿ äåêàãîíàëüíî¿ D-ôàçè
(òàáë. 1) [15]. Cïëàâ Al71,6Ni23Fe5,4 ì³ñòèòü ÷îòè-
ðè ôàçè, à ñàìå: êâàç³êðèñòàë³÷íó D-ôàçó òà êðè-
ñòàë³÷í³ ôàçè Al13(Ni, Fe)4, Al3(Ni, Fe)2, Al3(Ni,
Fe).

Ï³ä ÷àñ êîðîç³éíèõ âèïðîáóâàíü ñïëàâó
Al63Cu25Fe12, ïðîâåäåíèõ øëÿõîì ïîâíîãî çàíó-
ðåííÿ çðàçê³â ó ðîç÷èí 3 Ì NaCl, íà ¿õ ïîâåðõí³
ç’ÿâëÿþòüñÿ ïëÿìè ðóäîãî îñàäó. Çà äîïîìîãîþ
ÿê³ñíèõ ðåàêö³é áóëî âèçíà÷åíî, ùî â³í ïåðå-
âàæíî ñêëàäàºòüñÿ ç³ ñïîëóê Fe3+. Òàêîæ â îñàä³
ïðèñóòí³ â íåçíà÷íèõ ê³ëüêîñòÿõ ñïîëóêè Fe2+

òà Al3+. Ñòàí ïîâåðõí³ çðàçê³â ñïëàâ³â Al–Cu–Fe,
ëåãîâàíèõ áîðîì àáî/òà êðåìí³ºì, ïîì³òíî íå
çì³íþºòüñÿ. Çðàçêè ñïëàâ³â Al–Ni–Fe ó ðîç÷èí³
NaCl ïðàêòè÷íî íå êîðîäóþòü.

Âåëè÷èíè ñòàö³îíàðíèõ ïîòåíö³àë³â, âèç-
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íà÷åíèõ ó ðîç÷èí³ 3 ìîëü/ë NaCl (pH 7,0),
ñâ³ä÷àòü ïðî òå, ùî ç óñ³õ äîñë³äæåíèõ çðàçê³â
áàçîâèé ñïëàâ Al63Cu25Fe12 ìàº íàéá³ëüø â³ä’ºìíå
çíà÷åííÿ ñòàö³îíàðíîãî ïîòåíö³àëó –0,64 Â
(òàáë. 2). Ç öèì ïîâ’ÿçàíà éîãî íàéá³ëüøà õ³ì³÷íà
àêòèâí³ñòü ï³ä ÷àñ êîðîç³éíèõ âèïðîáóâàíü.

Òàáëèöÿ 2
Âåëè÷èíè ñòàö³îíàðíèõ ïîòåíö³àë³â (Åñò) ñïëàâ³â

Al–Cu–Fe–(Si,B) òà Al–Ni–Fe â ðîç÷èí³ 3 Ì NaCl
(ðÍ 7,0)

Сплави –Ест, В 

Al63Cu25Fe12 0,64 

Al59Cu25Fe12Si4 0,53 

Al56Cu25Fe12Si7 0,48 

Al62Cu25Fe12В1 0,59 

Al60Cu25Fe12В3 0,58 

Al58Cu25Fe12Si4B1 0,52 

Al56Cu25Fe12Si4B3 0,49 

Al55Cu25Fe12Si7B1 0,45 

Al53Cu25Fe12Si7B3 0,42 

Al72Fe15Ni13 0,55 

Al71,6Fe5,4Ni23 0,46 

 
Ç³ çá³ëüøåííÿì âì³ñòó ÿê êðåìí³þ, òàê ³

áîðó ó ñêëàä³ áàçîâîãî ñïëàâó çíà÷åííÿ Åñò çàêî-
íîì³ðíî çì³ùóþòüñÿ â á³ê á³ëüø ïîçèòèâíèõ
çíà÷åíü. Òàêå çíèæåííÿ õ³ì³÷íî¿ àêòèâíîñò³ ëå-
ãîâàíèõ ñïëàâ³â ìîæå áóòè ïîâ’ÿçàíå ç óòâîðåí-
íÿì íà ¿õ ïîâåðõí³ çàõèñíî¿ îêñèäíî¿ ïë³âêè.
Ïðè÷îìó ëåãóâàííÿ êðåìí³ºì çàáåçïå÷óº á³ëüøó
çì³íó çíà÷åíü ñòàö³îíàðíîãî ïîòåíö³àëó, í³æ
ëåãóâàííÿ áîðîì (òàáë. 2). Çà ïîäâ³éíîãî ëåãó-
âàííÿ ñïëàâ³â Al–Cu–Fe êðåìí³ºì òà áîðîì ¿õ

õ³ì³÷íà àêòèâí³ñòü äîäàòêîâî çíèæóºòüñÿ. Íà-
ÿâí³ñòü ó ñêëàä³ ñïëàâ³â Al–Ni–Fe í³êåëþ òàêîæ
ïðèâîäèòü äî çñóâó âåëè÷èí ¿õ ñòàö³îíàðíèõ
ïîòåíö³àë³â ó á³ê á³ëüø ïîçèòèâíèõ çíà÷åíü.
Ðåçóëüòàòè âèçíà÷åííÿ âåëè÷èí ñòàö³îíàðíèõ
ïîòåíö³àë³â ñïëàâ³â ó íåéòðàëüíîìó ðîç÷èí³
íàòð³é õëîðèäó ï³äòâåðäæóþòüñÿ äàíèìè ïîëÿ-
ðèçàö³éíèõ âèì³ðþâàíü (ðèñ. 1,à–â).

Ïîð³âíÿíî ç íåëåãîâàíèì ñïëàâîì
Al63Cu25Fe12, óñ³ ñïëàâè Al–Cu–Fe–(Si,B) ìàþòü
á³ëüø øèðîêó çîíó åëåêòðîõ³ì³÷íî¿ ïàñèâíîñò³.
Îñîáëèâî ñèëüíî ïðîöåñè ãàëüìóþòüñÿ â àíîäí³é
ä³ëÿíö³ ïîòåíö³àë³â. Íà êàòîäíèõ ä³ëÿíêàõ âîëü-
òàìïåðîãðàì äëÿ âñ³õ ñïëàâ³â ñïîñòåð³ãàºòüñÿ
ä³ëÿíêà ãðàíè÷íîãî ñòðóìó. Òîìó ìîæíà ñòâåð-
äæóâàòè, ùî ¿õ êîðîç³ÿ â ðîç÷èí³ NaCl â³äáó-
âàºòüñÿ çà åëåêòðîõ³ì³÷íèì ìåõàí³çìîì ç êèñ-
íåâîþ äåïîëÿðèçàö³ºþ. Øâèäê³ñòü êîðîç³¿ â ö³ëî-
ìó âèçíà÷àº êàòîäíèé ïðîöåñ. Îñê³ëüêè ðîç÷è-
íè íå ïåðåì³øóâàëè, òî óïîâ³ëüíåíîþ ñòàä³ºþ
êàòîäíîãî ïðîöåñó ìîæíà ââàæàòè äèôóç³þ êèñ-
íþ äî ïîâåðõí³ ñïëàâó. Ñòðóìè êîðîç³¿ äëÿ äîñ-
ë³äæåíèõ ñïëàâ³â, ðîçðàõîâàí³ ç³ çíà÷åíü ãóñòè-
íè ãðàíè÷íîãî äèôóç³éíîãî ñòðóìó, çíàõîäÿòü-
ñÿ â ìåæàõ 0,1–0,2 ìÀ/ñì2. Äëÿ ñïëàâó
Al63Cu25Fe12 öÿ âåëè÷èíà ñêëàäàº 0,6 ìÀ/ñì2, ùî
äîçâîëÿº ââàæàòè ñïëàâè Al–Cu–Fe–(Si,B) òà
Al–Ni–Fe á³ëüø êîðîç³éíî-òðèâêèìè.

Ñïëàâ Al71,6Ni23Fe5,4 ïîð³âíÿíî ç³ ñïëàâîì
Al72Fe15Ni13 º á³ëüø åëåêòðîõ³ì³÷íî ³íåðòíèì. Ïðî
öå ñâ³ä÷èòü çì³ùåííÿ çíà÷åííÿ ñòàö³îíàðíîãî
ïîòåíö³àëó ñïëàâó â ïîçèòèâíèé á³ê ç –0,55 Â
äî –0,46 Â (òàáë. 2). Ïîëÿðèçàö³éí³ äîñë³äæåí-
íÿ ïîêàçóþòü, ùî çíà÷åííÿ êàòîäíî¿ ãóñòèíè
ñòðóìó äëÿ îáîõ ñïëàâ³â îäíàêîâî ïî÷èíàþòü
çðîñòàòè çà ïîòåíö³àë³â, á³ëüø â³ä’ºìíèõ í³æ

Òàáëèöÿ 1
Ôàçîâèé ñêëàä ñïëàâ³â Al–Cu–Fe–(Si,B) òà Al–Ni–Fe

Сплави Фазовий склад 

Al63Cu25Fe12 -фаза (Al63Cu25Fe12), -фаза (Al13Fe4), -фаза (AlCu(Fe)), -фаза (Al2Cu), -фаза (AlCu) 

Al59Cu25Fe12Si4 -фаза (Al63Cu25Fe12), -фаза (Al13Fe4), -фаза (AlCu(Fe)), -фаза (Al2Cu), -фаза (AlCu) 

Al56Cu25Fe12Si7 -фаза (Al63Cu25Fe12), -фаза (Al13Fe4), -фаза (AlCu(Fe)), -фаза (Al2Cu), -фаза (AlCu) 

Al62Cu25Fe12В1 
-фаза (Al63Cu25Fe12), -фаза (Al13Fe4), -фаза (AlCu(Fe)), -фаза (Al2Cu), -фаза (AlCu), 

AlВ12 

Al60Cu25Fe12В3 
-фаза (Al63Cu25Fe12), -фаза (Al13Fe4), -фаза (AlCu(Fe)), -фаза (Al2Cu), -фаза (AlCu), 

Fe2AlВ2, AlВ12 

Al58Cu25Fe12Si4B1 -фаза (Al63Cu25Fe12), -фаза (Al13Fe4), -фаза (AlCu(Fe)), -фаза (Al2Cu), -фаза (AlCu) 

Al56Cu25Fe12Si4B3 -фаза (Al63Cu25Fe12), -фаза (Al13Fe4), -фаза (AlCu(Fe)), -фаза (Al2Cu), -фаза (AlCu) 

Al55Cu25Fe12Si7B1 -фаза (Al63Cu25Fe12), -фаза (Al13Fe4), -фаза (AlCu(Fe)), -фаза (Al2Cu), -фаза (AlCu) 

Al53Cu25Fe12Si7B3 -фаза (Al63Cu25Fe12), -фаза (Al13Fe4), -фаза (AlCu(Fe)), -фаза (Al2Cu), -фаза (AlCu) 

Al72Fe15Ni13 D-фаза (Al72,5Ni13Fe14,5), Al5FeNi 

Al71,6Ni23Fe5,4 D-фаза (Al70,5Ni19,5Fe10), Al13(Ni, Fe)4, Al3(Ni, Fe)2, Al3(Ni, Fe) 
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–1,0 Â (ðèñ. 1,ã). Äëÿ ñïëàâó Al72Fe15Ni13 çîíà
ïàñèâíîñò³ ïðîñòÿãàºòüñÿ â³ä –1,0 Â äî –0,47 Â,
à äëÿ ñïëàâó Al71,6Ni23Fe5,4 â³ä –1,0 Â äî –0,32 Â.
Òàêèì ÷èíîì, çá³ëüøåííÿ âì³ñòó í³êåëþ ó ñïëàâ³
Al–Ni–Fe ïðèâîäèòü äî ðîçøèðåííÿ çîíè éîãî
åëåêòðîõ³ì³÷íî¿ ïàñèâíîñò³ òà á³ëüø ñèëüíîãî
ãàëüìóâàííÿ àíîäíîãî ïðîöåñó.

Ðåçóëüòàòè äîñë³äæåíü ïîâåðõí³ ñïëàâ³â
Al–Cu–Fe–(Si,B) ï³ñëÿ ¿õ âèòðèìóâàííÿ ïðîòÿ-
ãîì 4 ä³á ó ðîç÷èí³ íàòð³é õëîðèäó, çä³éñíåí³
ìåòîäîì ðàñòðîâî¿ åëåêòðîííî¿ ì³êðîñêîï³¿, âêà-
çàþòü íà ï³ò³íãîâèé õàðàêòåð êîðîç³¿. Äëÿ ñïëà-
âó Al63Cu25Fe12 ¿¿ îñåðåäêè ðîçòàøîâàí³ ïî ïî-
âåðõí³ çðàçêà íåð³âíîì³ðíî ³ ìàþòü ðîçì³ðè â³ä
10 äî 50 ìêì (ðèñ. 2,à–â). Ó çîíàõ ï³ò³íã³â ñïî-
ñòåð³ãàþòüñÿ ä³ëÿíêè ïîðèñòîãî øàðó íåðîç÷è-
íåíî¿ ì³ä³. Ï³òèíãîâà êîðîç³ÿ ñïëàâó Al55Cu25Fe12Si7B1

ó ðîç÷èí³ NaCl â³äáóâàºòüñÿ ìåíø àêòèâíî, í³æ
ñïëàâó Al63Cu25Fe12 (ðèñ. 2,ã–å). Ïðî öå ñâ³ä÷èòü
çìåíøåííÿ çàãàëüíî¿ ê³ëüêîñò³ òà ñåðåäí³õ
ðîçì³ð³â ä³ëÿíîê âèòðàâëþâàííÿ (äî 5–20 ìêì).
Â îáîõ ñïëàâàõ ñèëüí³øå êîðîäóº êðèñòàë³÷íà
-ôàçà ïîð³âíÿíî ç êâàç³êðèñòàë³÷íîþ -ôàçîþ.

Äëÿ ñïëàâó Al72Fe15Ni13 òàêîæ õàðàêòåðíèé
ï³òèíãîâèé õàðàêòåð êîðîç³¿. Îñåðåäêè êîðîç³¿
ðîçì³ðàìè 5–20 ìêì ðîçòàøîâàí³ âçäîâæ ïî-
âåðõí³ íåð³âíîì³ðíî (ðèñ. 3,à–â). ¯õ ê³ëüê³ñòü
ïîì³òíî ìåíøà ïîð³âíÿíî ç³ ñïëàâàìè

Al63Cu25Fe12 òà Al55Cu25Fe12Si7B1. Á³ëüø³ñòü ïî-
øêîäæåíü ïîâåðõí³ âèÿâëÿºòüñÿ â ì³ñöÿõ ðîçòà-
øóâàííÿ ôàçè Al5FeNi òà ì³æôàçíèõ ìåæàõ ïîä-
³ëó ç êâàç³êðèñòàë³÷íîþ D-ôàçîþ. Àíàëîã³÷íà
êàðòèíà ðóéíóâàííÿ ïîâåðõí³ ñïîñòåð³ãàºòüñÿ
ï³ñëÿ ïåðåáóâàííÿ â ñîëüîâèõ ðîç÷èíàõ ñïëàâó
Al71,6Ni23Fe5,4 (ðèñ. 3,ã–å). Ä³ëÿíêè ðîç÷èíåííÿ,
ðîçòàøîâàí³ ïåðåâàæíî íà ì³æôàçíèõ ìåæàõ,
ìàþòü äóæå ìàë³ ðîçì³ðè.

Ó ñòðóêòóð³ çëàì³â ïîáëèçó ïîâåðõí³ çðàçê³â
ñïëàâ³â Al–Cu–Fe–(Si,B) òà Al–Ni–Fe ï³ñëÿ ä³¿
ðîç÷èíó NaCl òàêîæ âèäí³ ì³ñöÿ ïðîíèêíåííÿ
ï³ò³íã³â âãëèá ïîâåðõí³ (ðèñ. 4,à–á). Î÷³êóâàíî,
ï³ò³íãîâà êîðîç³ÿ ñïëàâ³â Al–Cu–Fe, ó òîìó ÷èñë³
ëåãîâàíèõ Si òà B, ïðîõîäèòü á³ëüø àêòèâíî, í³æ
êîðîç³ÿ ñïëàâ³â Al–Ni–Fe. Âèçíà÷àëüíå çíà÷åí-
íÿ ó öèõ ïðîöåñàõ ìàþòü ì³æôàçí³ ìåæ³ ïîä³ëó.

Âèñíîâêè

Êîðîç³ÿ äîñë³äæåíèõ ñïëàâ³â Al–Cu–Fe–(Si,B)
â³äáóâàºòüñÿ çà åëåêòðîõ³ì³÷íèì ìåõàí³çìîì.
Ëåãóâàííÿ ñïëàâó Al–Cu–Fe ÿê êðåìí³ºì, òàê ³
áîðîì çàáåçïå÷óº ãàëüìóâàííÿ àíîäíî¿ ðåàêö³¿.
Âïëèâ êðåìí³þ íà õ³ì³÷íó àêòèâí³ñòü ñïëàâ³â
çíà÷íî ïîì³òí³øèé, í³æ âïëèâ áîðó. Ëåãîâàí³
ñïëàâè ìàþòü á³ëüø åëåêòðîïîçèòèâí³ çíà÷åííÿ
ñòàö³îíàðíèõ ïîòåíö³àë³â òà á³ëüø øèðîê³ çîíè
åëåêòðîõ³ì³÷íî¿ ïàñèâíîñò³. Íàéá³ëüøó êîðî-
ç³éíó òðèâê³ñòü ó ðîç÷èí³ NaCl ìàº ñïëàâ

â                                                             ã

Ðèñ. 1. Ïîëÿðèçàö³éí³ çàëåæíîñò³, îòðèìàí³ â ðîç÷èí³ 3,0 Ì NaCl (pH 7,0), äëÿ ñïëàâ³â: à – Al63Cu25Fe12 (1),

Al59Cu25Fe12Si4 (2), Al56Cu25Fe12Si7 (3); á – Al63Cu25Fe12 (1), Al62Cu25Fe12Â1 (2), Al60Cu25Fe12Â3 (3); â – Al63Cu25Fe12 (1),

Al58Cu25Fe12Si4B1 (2), Al55Cu25Fe12Si7B1 (3), Al56Cu25Fe12Si4B3 (4), Al53Cu25Fe12Si7B3 (5); ã – Al72Fe15Ni13 (1); Al71,6Ni23Fe5,4 (2)

à                                                               á



50

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

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 3, pp. 46-52

                           ã                                                         ä                                                          å

Ðèñ. 2. ÑÅÌ-ôîòîãðàô³¿ ïîâåðõí³ (âèãëÿä çâåðõó) ñïëàâ³â Al63Cu25Fe12 (à–â) òà Al55Cu25Fe12Si7B1 (ã–å) ï³ñëÿ 4 ä³á

âèòðèìóâàííÿ â ðîç÷èí³ NaCl (ðÍ 7,0)

                           ã                                                         ä                                                         å

Ðèñ. 3. ÑÅÌ-ôîòîãðàô³¿ ïîâåðõí³ (âèãëÿä çâåðõó) ñïëàâ³â Al72Fe15Ni13 (à–â) òà Al71,6Ni23Fe5,4 (ã–å) ï³ñëÿ 4 ä³á

âèòðèìóâàííÿ â ðîç÷èí³ NaCl (ðÍ 7,0)

                           à                                                         á                                                         â

                           à                                                         á                                                         â
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Al–Cu–Fe, ëåãîâàíèé 7 àò.% êðåìí³þ òà 3 àò.%
áîðó.

Ñòàö³îíàðíèé åëåêòðîäíèé ïîòåíö³àë ñïëà-
âó Al72Fe15Ni13 ïîð³âíÿíî ç ïîòåíö³àëîì ñïëàâó
Al71,6Ni23Fe5,4 ìàº ìåíø â³ä’ºìí³ çíà÷åííÿ. Çîíà
åëåêòðîõ³ì³÷íî¿ ïàñèâíîñò³ ñïëàâó Al72Fe15Ni13

ðîçøèðþºòüñÿ çà ðàõóíîê ãàëüìóâàííÿ àíîäíèõ
ïðîöåñ³â, òîìó öåé ñïëàâ ïðàêòè÷íî íå êîðîäóº
ó ñåðåäîâèù³ 3 M NaCl. Â³äïîâ³äíî, íà ïîâåðõí³
ñïëàâ³â Al–Ni–Fe ñïîñòåð³ãàºòüñÿ çíà÷íî ìåí-
øà ê³ëüê³ñòü á³ëüø äð³áíèõ ä³ëÿíîê ï³òèíãîâîãî
ðóéíóâàííÿ, í³æ íà ïîâåðõí³ ñïëàâ³â
Al–Cu–Fe–(Si,B). Â ñïëàâàõ îáîõ ñèñòåì â ïåð-
øó ÷åðãó êîðîäóþòü ì³æôàçí³ ìåæ³ ïîä³ëó. Êâà-
ç³êðèñòàë³÷í³ ä³ëÿíêè ïîâåðõí³ ðóéíóþòüñÿ  ìåí-
øîþ ì³ðîþ, í³æ êðèñòàë³÷í³.
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CORROSION-ELECTROCHEMICAL PROPERTIES OF
QUASICRYSTALLINE Al–Cu–Fe–(Si,B) AND Al–Ni–Fe
ALLOYS IN NaCl SOLUTION
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Oles Honchar Dnipro National University, Dnipro, Ukraine
* e-mail: sukhovaya@ukr.net

The electrochemical properties of Al–Cu–Fe–(Si,B) and
Al–Ni–Fe quasicrystalline alloys were investigated in 3.0 Ì NaCl
solution (ðÍ 7.0). Stationary potential values were measured by
means of the registration of Å vs. t dependences. The alloys fractures
and surface affected by the corrosive environment were studied using
electron scanning microscopy. The corrosion of the Al–Cu–Fe–(Si,B)
alloys proceeds under electrochemical mechanism accompanied by
the accumulation of indissoluble iron compounds on the surface of
these alloys. Alloying the Al–Cu–Fe alloys with Si and B ensures
the deceleration of the anodic reaction and inhibits the corrosion
processes. Therewith, silicon affects the chemical activity of the alloys
to the greater extent than boron. Binary alloying of the investigated
Al–Cu–Fe alloys with 3 àt.% of boron and 7 àt.% of silicon ensures
the highest corrosion resistance in the NaCl aqueous solution. The
Al–Ni–Fe alloys do not practically corrode in the sodium chloride
solution. The stationary electrochemical potential of the Al72Fe15Ni13
alloy has lesser negative values, as compared to that of the
Al71.6Ni23Fe5.4 alloy, with electrochemical passivity zone extending
due to the deceleration of the anodic process. Scanning electron
microscopy revealed the pitting corrosion on the surface of the
investigated alloys. The pits appear mostly where iron-rich phases
and phase interfaces are located. Their quantity and size are less on
the surface of the Al–Ni–Fe alloys than on the surface of the
Al–Cu–Fe–(Si,B) alloys affected by the NaCl solution.

Keywords: quasicrystal alloys; aqueous solution; sodium
chloride; stationary potential; corrosion resistance; electron
microscopy.
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