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Óêðà¿íñüêèé äåðæàâíèé óí³âåðñèòåò íàóêè ³ òåõíîëîã³é, ì. Äí³ïðî, Óêðà¿íà

Ó ðîáîò³ âñòàíîâëåíî çàêîíîì³ðíîñò³ êîðîç³éíî-åëåêòðîõ³ì³÷íî¿ ïîâåä³íêè í³êå-
ëåâèõ ³ í³êåëü-ìîë³áäåíîâèõ ïîêðèòò³â, åëåêòðîîñàäæåíèõ ç åëåêòðîë³ò³â íà îñ-
íîâ³ íèçüêîòåìïåðàòóðíèõ åâòåêòè÷íèõ ðîç÷èííèê³â, ó âîäíîìó ðîç÷èí³ 3% NaCl.
Ïîêðèòòÿ îñàäæóâàëè ç åâòåêòè÷íèõ ñóì³øåé õîë³í õëîðèäó ç åòèëåíãë³êîëåì
(ethaline) òà êàðáàì³äîì (reline) ïðè ð³çíèõ ãóñòèíàõ ñòðóìó; äëÿ ïîð³âíÿííÿ âèêî-
ðèñòîâóâàëè í³êåëåâ³ ïîêðèòòÿ, îäåðæàí³ ç òðàäèö³éíîãî âîäíîãî ñóëüôàòíî-õëî-
ðèäíîãî åëåêòðîë³òó. Êîðîç³éí³ õàðàêòåðèñòèêè âèçíà÷àëè ìåòîäîì ïîòåíö³îäèíà-
ì³÷íî¿ ïîëÿðèçàö³¿ ç ïîäàëüøèì òàôåëåâñüêèì àíàë³çîì äëÿ ðîçðàõóíêó ãóñòèíè
ñòðóìó êîðîç³¿, êîðîç³éíîãî ïîòåíö³àëó òà ïîëÿðèçàö³éíîãî îïîðó. Ïîêàçàíî, ùî
ïîêðèòòÿ, ñôîðìîâàí³ ç åëåêòðîë³ò³â íà îñíîâ³ íèçüêîòåìïåðàòóðíèõ åâòåêòè÷íèõ
ðîç÷èííèê³â, õàðàêòåðèçóþòüñÿ âèùîþ êîðîç³éíîþ ñò³éê³ñòþ ïîð³âíÿíî ç ïîêðèò-
òÿìè, îñàäæåíèìè ç âîäíîãî åëåêòðîë³òó. Âñòàíîâëåíî, ùî ââåäåííÿ ìîë³áäåíó äî
ñêëàäó îñàäó ñïðèÿº çíèæåííþ ãóñòèíè ñòðóìó êîðîç³¿ òà çðîñòàííþ ïîëÿðèçà-
ö³éíîãî îïîðó, ïðè÷îìó ï³äâèùåííÿ âì³ñòó Mo ó ñïëàâ³ ñóïðîâîäæóºòüñÿ ïîêðà-
ùåííÿì àíòèêîðîç³éíèõ âëàñòèâîñòåé ïîêðèòò³â. Ïîêàçàíî òàêîæ, ùî çà îäíàêî-
âîãî âì³ñòó ìîë³áäåíó ïîêðèòòÿ, îñàäæåí³ ç åëåêòðîë³òó íà îñíîâ³ reline, äå-
ìîíñòðóþòü âèùó êîðîç³éíó ñò³éê³ñòü, í³æ ïîêðèòòÿ, îñàäæåí³ ç ethaline, ùî ïî-
â’ÿçàíî ç á³ëüøèì âì³ñòîì âóãëåöþ òà êèñíþ ó òàêèõ ïîêðèòòÿõ ³ ôîðìóâàííÿì
äîäàòêîâîãî áàð’ºðíîãî øàðó íà ïîâåðõí³.

Êëþ÷îâ³ ñëîâà: íèçüêîòåìïåðàòóðí³ åâòåêòè÷í³ ðîç÷èííèêè, åëåêòðîîñàäæåííÿ,
ñïëàâ, í³êåëü-ìîë³áäåí, êîðîç³éíà ñò³éê³ñòü, ãóñòèíà ñòðóìó êîðîç³¿, ïîëÿðèçà-
ö³éíèé îï³ð.
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Âñòóï
Åëåêòðîîñàäæåí³ ñïëàâè í³êåëü-ìîë³áäåí

ïðîÿâëÿòü íèçêó ïîêðàùåíèõ âëàñòèâîñòåé ó ïî-
ð³âíÿíí³ ç «÷èñòèì» í³êåëåâèì ïîêðèòòÿì, çîêðå-
ìà ï³äâèùåí³ ì³êðîòâåðä³ñòü, çíîñîñò³éê³ñòü, êî-
ðîç³éíó ñò³éê³ñòü ³ åëåêòðîêàòàë³òè÷íó àêòèâí³ñòü
[1–7]. Òðàäèö³éíèì âîäíèì åëåêòðîë³òàì äëÿ
åëåêòðîë³òè÷íîãî îñàäæåííÿ ñïëàâó Ni–Mo ïðè-
òàìàííà íèçêà íåäîë³ê³â, ïîâ’ÿçàíèõ ³ç ñïåöèô³-

÷íèìè õ³ì³÷íèìè ³ åëåêòðîõ³ì³÷íèìè âëàñòè-
âîñòÿìè ñïîëóê ìîë³áäåíó ó âîäíîìó ðîç÷èí³ (ìàëà
ðîç÷èíí³ñòü ìîë³áäåíîâî¿ êèñëîòè ó êèñëîìó ñå-
ðåäîâèù³, âåëüìè íåãàòèâíå çíà÷åííÿ ñòàíäàðò-
íîãî åëåêòðîäíîãî ïîòåíö³àëó òîùî). Òîìó ðîç-
ãëÿäàþòüñÿ àëüòåðíàòèâí³ íåâîäí³ ñèñòåìè äëÿ
îñàäæåííÿ í³êåëü-ìîë³áäåíîâèõ ïîêðèòò³â, ñåðåä
ÿêèõ îäíèìè ç íàéïåðñïåêòèâí³øèõ âèäàþòüñÿ
ðîç÷èíè íà îñíîâ³ òàê çâàíèõ íèçüêîòåìïåðà-
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òóðíèõ åâòåêòè÷íèõ ðîç÷èííèê³â (àíãë. deep eutectic
solvent, DES). Íèçüêîòåìïåðàòóðí³ åâòåêòè÷í³
ðîç÷èííèêè º åâòåêòè÷íèìè ñóì³øàìè – àíàëî-
ãàìè ³îííèõ ð³äèí, ùî â³äð³çíÿþòüñÿ äîñòóï-
í³ñòþ, ïðîñòîòîþ ñèíòåçó, ð³çíîìàí³òíèìè åêî-
ëîã³÷íèìè ³ åêîíîì³÷íèìè ïåðåâàãàìè [8]. Íà äà-
íèé ÷àñ ó ë³òåðàòóð³ îïèñàíî åëåêòðîõ³ì³÷íå
îñàäæåííÿ ñïëàâó í³êåëü-ìîë³áäåí ç ðîç÷èí³â íà
îñíîâ³ äåÿêèõ ð³çíîâèä³â DES [9–11]. Çîêðåìà, ó
íàøèõ ïîïåðåäí³õ äîñë³äæåííÿõ [12,13] ïîêàçàíà
ìîæëèâ³ñòü îñàäæåííÿ íàíîêðèñòàë³÷íîãî ñïëàâó
Ni–Mo ç åëåêòðîë³ò³â íà îñíîâ³ åâòåêòè÷íèõ ñó-
ì³øåé õîë³í õëîðèäó ç åòèëåíãë³êîëåì (ethaline)
òà ñå÷îâèíîþ (reline), ùî ìîæóòü áóòè âèêî-
ðèñòàí³ ÿê åôåêòèâí³ åëåêòðîêàòàë³çàòîðè ó êà-
òîäíîìó ñèíòåç³ «çåëåíîãî» âîäíþ ç ëóæíèõ ðîç-
÷èí³â. Ìåòîþ äàíîãî äîñë³äæåííÿ º âñòàíîâëåí-
íÿ çàêîíîì³ðíîñòåé êîðîç³éíî-åëåêòðîõ³ì³÷íî¿ ïî-
âåä³íêè ïîêðèòò³â, îñàäæåíèõ ç åëåêòðîë³ò³â íà
îñíîâ³ DES, îïèñàíèõ ó [12,13], ó àãðåñèâíîìó
âîäíîìó ñåðåäîâèù³ 3% NaCl.

Ìåòîäèêà åêñïåðèìåíòó
Ìåòîäèêà ïðèãîòóâàííÿ åëåêòðîë³ò³â äëÿ

îñàäæåííÿ ïîêðèòò³â áóëà äåòàëüíî îïèñàíà ó ïî-
ïåðåäí³õ ïóáë³êàö³ÿõ [12,13]. Êîíöåíòðàö³ÿ êîì-
ïîíåíò³â ðîç÷èí³â òà ¿õ óìîâíå ïîçíà÷åííÿ íàâå-
äåí³ ó òàáë. 1. Ïîêðèòòÿ ñïëàâîì í³êåëü-ìîë³áäåí
îñàäæóâàëè ïðè êàòîäíèõ ãóñòèíàõ ñòðóìó 10, 20
³ 30 ìA/ñì2 ïðè òåìïåðàòóð³ 250Ñ. Ïîêðèòòÿ
«÷èñòèì» í³êåëåì (áåç äîäàâàííÿ ìîë³áäåíâì³ñíî¿
ñîë³ äî åëåêòðîë³òó) îñàäæóâàëè ïðè ãóñòèí³ ñòðó-
ìó 10 ìA/ñì2 ³ òåìïåðàòóð³ 250Ñ. Ç ìåòîþ ïî-
ð³âíÿííÿ êîðîç³éíî¿ ïîâåä³íêè îñàäæóâàëè ïîêðèò-
òÿ ³ç òðàäèö³éíîãî âîäíîãî ñóëüôàòíî-õëîðèäíî-
ãî åëåêòðîë³òó í³êåëþâàííÿ, ñêëàä ÿêîãî íàâåäåíî
ó òàáë. 1, ïðè ãóñòèí³ ñòðóìó 10 ìA/ñì2 ³ òåìïå-
ðàòóð³ 250Ñ. Âñ³ ïîêðèòòÿ îñàäæóâàëè íà ñòàëåâ³
ï³äêëàäêè – çíåæèðåí³ ³ ïðîòðàâëåí³ ó ðîç÷èí³
õëîðèäíî¿ êèñëîòè ïëàñòèíêè ç³ ñòàë³ Ñò3 (ðîáî÷à

ïëîùà ïîâåðõí³ 1 ñì2). Òîâùèíà âñ³õ ïîêðèòò³â
ñòàíîâèëà ïðèáëèçíî 20 ìêì.

Îñàäæåí³ íà ñòàëåâó îñíîâó ïîêðèòòÿ ðåòåëü-
íî ïðîìèâàëè ó äèñòèëüîâàí³é âîä³, âèñóøóâàëè
ó ïîâ³òð³ õîëîäíîãî ïîâ³òðÿ ³ çàíóðþâàëè ó àãðå-
ñèâíå ñåðåäîâèùå 3%-âîãî ðîç÷èíó NaCl, òåðìî-
ñòàòîâàíîãî ïðè òåìïåðàòóð³ 250Ñ çà óìîâ ïðè-
ðîäíî¿ àåðàö³¿. Ï³ñëÿ åêñïîçèö³¿ ïîêðèòòÿ â öüî-
ìó ðîç÷èí³ ïðîòÿãîì 2 ãîäèí ³ ñòàá³ë³çàö³¿ ñòà-
ö³îíàðíîãî ïîòåíö³àëó (çì³íè íå á³ëüøå 5 ìÂ/õâ)
íàêëàäàëè ðîçãîðòêó ïîòåíö³àëó ç³ øâèäê³ñòþ
1 ìÂ/ñ â³ä ñòàö³îíàðíîãî ïîòåíö³àëó ñïî÷àòêó ó
êàòîäíîìó íàïðÿìêó, à ïîò³ì ó àíîäíîìó. Âèêî-
ðèñòîâóâàëè ïîòåíö³îñòàò Reference 3000, ïðî-
òèåëåêòðîäîì ñëóãóâàëà ïëàòèíîâà ïëàñòèíêà,
åëåêòðîäîì ïîð³âíÿííÿ – íàñè÷åíèé õëîðñð³áíèé.
Ïîòåíö³àëè ïåðåðàõîâóâàëè ó øêàëó ñòàíäàðòíîãî
âîäíåâîãî åëåêòðîäà. Îáðîáêó îòðèìàíèõ ïîëÿ-
ðèçàö³éíèõ êðèâèõ ïðîâîäèëè ó êîîðäèíàòàõ «ëî-
ãàðèôì ãóñòèíè ñòðóìó–ïîòåíö³àë». Ãóñòèíó ñòðó-
ìó êîðîç³¿ ³ ïîòåíö³àë êîðîç³¿ âèçíà÷àëè øëÿõîì
³íòåðïîëÿö³¿ ë³í³éíèõ ä³ëÿíîê àíîäíîãî ³ êà-
òîäíîãî ñåãìåíò³â ïîëÿðèçàö³éíî¿ êðèâî¿.

Ðåçóëüòàòè ³ îáãîâîðåííÿ
Íà ðèñóíêó 1 íàâåäåíî ïîòåíö³îäèíàì³÷í³

ïîëÿðèçàö³éí³ êðèâ³, ùî õàðàêòåðèçóþòü êîðî-
ç³éíî-åëåêòðîõ³ì³÷íó ïîâåä³íêó í³êåëåâèõ òà
í³êåëü-ìîë³áäåíîâèõ ïîêðèòò³â ó âîäíîìó ðîç÷èí³
3% NaCl. Êðèâ³ ïîáóäîâàí³ ó íàï³âëîãàðèôì³-
÷íèõ êîîðäèíàòàõ «ëîãàðèôì ãóñòèíè ñòðóìó–ïî-
òåíö³àë», ùî äîçâîëÿº á³ëüø ÷³òêî âèä³ëèòè ä³ëÿí-
êè òàôåëåâñüêî¿ çàëåæíîñò³. ßê âèäíî ç íàâåäå-
íèõ äàíèõ, ó áåçïîñåðåäí³é áëèçüêîñò³ äî êîðî-
ç³éíîãî ïîòåíö³àëó íà ïîëÿðèçàö³éíèõ êðèâèõ
äîáðå ïðîñòåæóþòüñÿ ë³í³éí³ ä³ëÿíêè ÿê íà êà-
òîäíîìó, òàê ³ íà àíîäíîìó ñåãìåíòàõ. Íàõèëè
öèõ ä³ëÿíîê ñòàíîâëÿòü ïðèáëèçíî 100–120 ìÂ
äëÿ êàòîäíî¿ ã³ëêè òà áëèçüêî 200 ìÂ äëÿ àíîäíî¿
(òàáë. 2), ùî ñâ³ä÷èòü ïðî ìîæëèâ³ñòü êîðåêòíîãî

Òàáëèöÿ 1
Óìîâí³ ïîçíà÷åííÿ åëåêòðîë³ò³â äëÿ îñàäæåííÿ ïîêðèòò³â òà ¿õ õ³ì³÷íèé ñêëàä [12,13]

Ïðèì³òêà: * – åâòåêòè÷íà ñóì³ø õîë³í õëîðèäó ³ åòèëåíãë³êîëþ (1:2 ìîë.); ** – åâòåêòè÷íà ñóì³ø õîë³í õëîðèäó ³

êàðáàì³äó (1:2 ìîë.)

Умовне 

позначення 

електроліту 

Розчинник 
Концентрація 

Ni(II), М
 

Концентрація 

Mo(VI), M 

Вміст інших 

компонентів, pH 

Ni_eth ethaline
*
 

Ni_rel reline
**

 
– 

Ni-Mo_eth ethaline
*
 

Ni-Mo_rel reline
**

 

0,25 

0,25 

0,5 M C6H8O7⋅H2O 

Ni_aq вода 1,10 – 

250 г/дм
3
 NiSO4⋅7H2O, 

50 г/дм
3
 NiCl2⋅6H2O і 

30 г/дм
3
 H3BO3, pH 4 
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çàñòîñóâàííÿ òàôåëåâñüêî¿ åêñòðàïîëÿö³¿ äëÿ
âèçíà÷åííÿ îñíîâíèõ êîðîç³éíèõ ïàðàìåòð³â.

Åêñòðàïîëÿö³ÿ ë³í³éíèõ â³äð³çê³â àíîäíî¿ òà
êàòîäíî¿ ã³ëîê äî òî÷êè ¿õ ïåðåòèíó äîçâîëèëà
âèçíà÷èòè ãóñòèíó ñòðóìó êîðîç³¿ òà êîðîç³éíèé
ïîòåíö³àë äëÿ äîñë³äæóâàíèõ ïîêðèòò³â. Îòðèìàí³
çíà÷åííÿ íàâåäåíî â òàáë. 2. Ó ö³é æå òàáëèö³
ïîäàíî ðîçðàõîâàí³ çíà÷åííÿ ïîëÿðèçàö³éíîãî
îïîðó êîðîç³éíîãî ïðîöåñó, âèçíà÷åí³ çà ôîðìó-
ëîþ:

( )cacorr

ca
P

ββj2,303

ββ
R

+⋅⋅

⋅
= ,

äå Rp – ïîëÿðèçàö³éíèé îï³ð êîðîç³éíîãî ïðîöå-
ñó, jcorr – ãóñòèíà ñòðóìó êîðîç³¿, βa ³ βñ – òàôå-
ëåâñüê³ íàõèëè àíîäíî¿ ³ êàòîäíî¿ ã³ëîê ïîëÿðèçà-
ö³éíî¿ êðèâî¿, â³äïîâ³äíî.

Ïîëÿðèçàö³éíèé îï³ð º ³íòåãðàëüíèì ïàðà-
ìåòðîì, ùî õàðàêòåðèçóº øâèäê³ñòü êîðîç³éíîãî
ïðîöåñó: ÷èì á³ëüøèì º çíà÷åííÿ Rp, òèì ìåí-
øîþ º øâèäê³ñòü êîðîç³éíîãî ðóéíóâàííÿ ìàòå-
ð³àëó ó äàíîìó ñåðåäîâèù³.

Àíàë³ç îòðèìàíèõ ðåçóëüòàò³â ïîêàçóº, ùî,
ÿê ³ âèïëèâàº ç íàâåäåíîãî âèùå ñï³ââ³äíîøåííÿ
äëÿ ïîëÿðèçàö³éíîãî îïîðó, ç³ çìåíøåííÿì
ãóñòèíè ñòðóìó êîðîç³¿ çíà÷åííÿ Rp çðîñòàº, ùî
â³äïîâ³äàº ï³äâèùåííþ êîðîç³éíî¿ ñò³éêîñò³ ïî-

êðèòòÿ. ²ç íàâåäåíèõ ó òàáë. 2 äàíèõ âèäíî, ùî
í³êåëåâå ïîêðèòòÿ, îñàäæåíå ç âîäíîãî ñóëü-
ôàòíî-õëîðèäíîãî åëåêòðîë³òó, õàðàêòåðèçóºòüñÿ
íàéá³ëüø íåãàòèâíèì çíà÷åííÿì êîðîç³éíîãî ïî-
òåíö³àëó òà íàéá³ëüøîþ ãóñòèíîþ ñòðóìó êîðîç³¿,
ùî ñâ³ä÷èòü ïðî éîãî íàéìåíøó ñò³éê³ñòü äî êî-
ðîç³éíîãî ðóéíóâàííÿ â äîñë³äæóâàíîìó ñåðåäî-
âèù³. Íàòîì³ñòü í³êåëåâ³ ïîêðèòòÿ, îäåðæàí³ ç
åëåêòðîë³ò³â íà îñíîâ³ íèçüêîòåìïåðàòóðíèõ åâ-
òåêòè÷íèõ ðîç÷èííèê³â, äåìîíñòðóþòü ñóòòºâî
íèæ÷³ çíà÷åííÿ ãóñòèíè ñòðóìó êîðîç³¿ ³, â³äïî-
â³äíî, âèù³ çíà÷åííÿ ïîëÿðèçàö³éíîãî îïîðó, ùî
âêàçóº íà ¿õ êðàù³ àíòèêîðîç³éí³ âëàñòèâîñò³ ïî-
ð³âíÿíî ç ïîêðèòòÿìè, îñàäæåíèìè ç âîäíîãî
åëåêòðîë³òó.

Ââåäåííÿ ìîë³áäåíó äî ñêëàäó îñàäó ïðèâî-
äèòü äî ïîäàëüøîãî ïîêðàùåííÿ êîðîç³éíèõ õà-
ðàêòåðèñòèê ïîêðèòò³â. Çîêðåìà, ç³ çá³ëüøåííÿì
âì³ñòó Mo ñïîñòåð³ãàºòüñÿ ïîì³òíå çíèæåííÿ
ãóñòèíè ñòðóìó êîðîç³¿ òà â³äïîâ³äíå çðîñòàííÿ
ïîëÿðèçàö³éíîãî îïîðó, ùî ñâ³ä÷èòü ïðî ï³äâè-
ùåííÿ êîðîç³éíî¿ ñò³éêîñò³ Ni–Mo ïîêðèòò³â
(ðèñ. 2). Òàêèì ÷èíîì, âì³ñò ìîë³áäåíó â îñàä³ º
îäíèì ç êëþ÷îâèõ ôàêòîð³â, ÿê³ âèçíà÷àþòü çà-
õèñí³ âëàñòèâîñò³ ñôîðìîâàíèõ ïîêðèòò³â. ²ìî-
â³ðíî, ïîçèòèâíèé åôåêò ìîë³áäåíó ïîâ’ÿçàíèé ç
ôîðìóâàííÿì íà ïîâåðõí³ ïîêðèòòÿ ù³ëüíî¿ ïà-
ñèâíî¿ ïë³âêè, äî ñêëàäó ÿêî¿ âõîäÿòü îêñèäè í³êå-

Ðèñ. 1. Ïîòåíö³îäèíàì³÷í³ ïîëÿðèçàö³éí³ êðèâ³ í³êåëåâèõ ³ í³êåëü-ìîë³áäåíîâèõ ïîêðèòò³â, åëåêòðîîñàäæåíèõ ç

åëåêòðîë³ò³â íà îñíîâ³ reline (à) òà ethaline (á) ïðè ð³çíèõ ãóñòèíàõ ñòðóìó: 1 – Ni_aq, 10 ìÀ/ñì2;

2 – Ni_rel, 10 ìÀ/ñì2; 3 – Ni-Mo_rel, 10 ìÀ/ñì2; 4 – Ni-Mo_rel, 30 ìÀ/ñì2; 5 – Ni-Mo_rel, 20 ìÀ/ñì2;

6 – Ni_eth, 10 ìÀ/ñì2; 7 – Ni-Mo_eth, 20 ìÀ/ñì2; 8 – Ni-Mo_eth, 10 ìÀ/ñì2; 9 – Ni-Mo_eth, 30 ìÀ/ñì2.

Êîðîç³éíå ñåðåäîâèùå – 3% ðîç÷èí NaCl (250C)

  

а б 
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ëþ òà ìîë³áäåíó. Òàêà ïë³âêà çäàòíà äî ÷àñòêîâî-
ãî ñàìîâ³äíîâëåííÿ ó ðàç³ ëîêàëüíîãî ïîøêîä-
æåííÿ ³ âèêîíóº ðîëü åôåêòèâíîãî áàð’ºðà, ùî
ïåðåøêîäæàº ïðîíèêíåííþ àãðåñèâíèõ êîìïî-
íåíò³â êîðîç³éíîãî ñåðåäîâèùà äî ïîâåðõí³ ìåòà-
ëó [7].

Âîäíî÷àñ, àíàë³ç îòðèìàíèõ ðåçóëüòàò³â ïî-
êàçóº, ùî çà áëèçüêîãî âì³ñòó ìîë³áäåíó ïîêðèò-
òÿ, åëåêòðîîñàäæåí³ ç åëåêòðîë³òó íà îñíîâ³ reline,
õàðàêòåðèçóþòüñÿ âèùîþ êîðîç³éíîþ ñò³éê³ñòþ
ïîð³âíÿíî ç ïîêðèòòÿìè, ñôîðìîâàíèìè ç ethaline
(ðèñ. 2, òàáë. 2). Öå ñâ³ä÷èòü ïðî òå, ùî âì³ñò
ìîë³áäåíó íå º ºäèíèì ôàêòîðîì, ÿêèé âèçíà÷àº
êîðîç³éí³ âëàñòèâîñò³ äîñë³äæóâàíèõ ïîêðèòò³â.
Ïðè àíàë³ç³ êîðîç³éíî¿ ïîâåä³íêè îñàä³â, îäåðæà-
íèõ ç åëåêòðîë³ò³â íà îñíîâ³ DES, íåîáõ³äíî âðà-
õîâóâàòè òàêîæ ìîæëèâå âêëþ÷åííÿ äî ¿õ ñêëàäó
³íøèõ åëåìåíò³â, çîêðåìà êèñíþ òà, îñîáëèâî,
âóãëåöþ (òàáë. 2). Äæåðåëîì öèõ åëåìåíò³â º
îðãàí³÷í³ êîìïîíåíòè åëåêòðîë³òó, ÿê³ ìîæóòü àä-
ñîðáóâàòèñÿ íà êàòîäí³é ïîâåðõí³ àáî çàçíàâàòè
åëåêòðîõ³ì³÷íèõ ³ õ³ì³÷íèõ ïåðåòâîðåíü ó ïðèêà-
òîäíîìó øàð³ òà â ïîäàëüøîìó ³íêîðïîðóâàòèñÿ
äî çðîñòàþ÷îãî ïîêðèòòÿ [14]. Íàÿâí³ñòü ó ñòðóê-
òóð³ ïîêðèòòÿ âóãëåöþ òà éîãî ñïîëóê, ³ìîâ³ðíî,
ñïðèÿº ôîðìóâàííþ äîäàòêîâîãî áàð’ºðíîãî øàðó,
ÿêèé óòðóäíþº ïðîíèêíåííÿ àãðåñèâíèõ êîìïî-
íåíò³â ñåðåäîâèùà äî ïîâåðõí³ ìåòàëó. Âñòà-
íîâëåíî, ùî ïîêðèòòÿ, îñàäæåí³ ç åëåêòðîë³òó íà
îñíîâ³ reline, ì³ñòÿòü á³ëüøó ê³ëüê³ñòü âóãëåöþ
ïîð³âíÿíî ç ïîêðèòòÿìè, îòðèìàíèìè ç ethaline

(òàáë. 2), ùî, íàé³ìîâ³ðí³øå, ³ îáóìîâëþº ¿õ ï³äâè-
ùåíó êîðîç³éíó ñò³éê³ñòü.

Ñë³ä òàêîæ ï³äêðåñëèòè, ùî ïîêðèòòÿ,
ñôîðìîâàí³ ç åëåêòðîë³ò³â íà îñíîâ³ íèçüêîòåìïå-
ðàòóðíèõ åâòåêòè÷íèõ ðîç÷èííèê³â, çàãàëîì äå-
ìîíñòðóþòü çíà÷íî âèùó ñò³éê³ñòü äî êîðîç³éíî-
ãî ðóéíóâàííÿ ïîð³âíÿíî ç ïîêðèòòÿìè, îñàäæå-
íèìè ç òðàäèö³éíèõ âîäíèõ åëåêòðîë³ò³â. Òàê,
çã³äíî ç ë³òåðàòóðíèìè äàíèìè [7], äëÿ Ni–Mo
ïîêðèòò³â, îòðèìàíèõ ç âîäíèõ ðîç÷èí³â, ó ðîç-
÷èí³ 3,5% NaCl ïîëÿðèçàö³éíèé îï³ð çàçâè÷àé íå
ïåðåâèùóº ïðèáëèçíî 61 êÎì/ñì2 íàâ³òü ïðè
â³äíîñíî âèñîêîìó âì³ñò³ ìîë³áäåíó (áëèçüêî
40 ìàñ.%). Íàòîì³ñòü ó ïðîâåäåíèõ íàìè åêñïå-
ðèìåíòàõ, çà çíà÷íî ìåíøîãî âì³ñòó ìîë³áäåíó â
îñàä³ (ïðèáëèçíî 5 ìàñ.%), çíà÷åííÿ ïîëÿðèçà-
ö³éíîãî îïîðó ó 3% ðîç÷èí³ NaCl äîñÿãàº áëèçü-
êî 148 êÎì/ñì2. Éìîâ³ðíî, òàêèé åôåêò ïîâ’ÿçà-
íèé ³ç ôîðìóâàííÿì íà ïîâåðõí³ ïîêðèòòÿ ïà-
ñèâíî¿ çàõèñíî¿ ïë³âêè, çáàãà÷åíî¿ âóãëåöåì òà
éîãî ñïîëóêàìè, ùî äîäàòêîâî ï³äâèùóº ¿¿ áàð’ºðí³
âëàñòèâîñò³ òà ñòàá³ëüí³ñòü ó àãðåñèâíîìó ñåðåäî-
âèù³.

Òàêèì ÷èíîì, ðåçóëüòàòè ïîòåíö³îäèíàì³-
÷íèõ âèì³ðþâàíü ñâ³ä÷àòü, ùî âèêîðèñòàííÿ
åëåêòðîë³ò³â íà îñíîâ³ íèçüêîòåìïåðàòóðíèõ åâ-
òåêòè÷íèõ ðîç÷èííèê³â äîçâîëÿº îäåðæóâàòè
Ni–Mo ïîêðèòòÿ ç ï³äâèùåíîþ êîðîç³éíîþ
ñò³éê³ñòþ ó õëîðèäíèõ ñåðåäîâèùàõ. Âàæëèâè-
ìè ÷èííèêàìè, ùî âèçíà÷àþòü àíòèêîðîç³éí³
âëàñòèâîñò³ òàêèõ ïîêðèòò³â, º ÿê âì³ñò ìîë³áäå-
íó, òàê ³ ³íêîðïîðàö³ÿ íåìåòàë³÷íèõ åëåìåíò³â
(çîêðåìà âóãëåöþ), ùî ñïðèÿþòü ôîðìóâàííþ
åôåêòèâíîãî çàõèñíîãî øàðó íà ïîâåðõí³ îñàäó.

Âèñíîâêè

Ïîêàçàíî, ùî í³êåëåâ³ òà í³êåëü-ìîë³áäåíîâ³
ïîêðèòòÿ, åëåêòðîîñàäæåí³ ç åëåêòðîë³ò³â íà îñ-
íîâ³ íèçüêîòåìïåðàòóðíèõ åâòåêòè÷íèõ ðîç÷èí-
íèê³â, õàðàêòåðèçóþòüñÿ âèùîþ êîðîç³éíîþ
ñò³éê³ñòþ ó 3% ðîç÷èí³ NaCl ïîð³âíÿíî ç ïîêðèò-
òÿìè, îäåðæàíèìè ç òðàäèö³éíîãî âîäíîãî ñóëü-
ôàòíî-õëîðèäíîãî åëåêòðîë³òó í³êåëþâàííÿ. Âñòà-
íîâëåíî, ùî çá³ëüøåííÿ âì³ñòó ìîë³áäåíó â îñàä³
ñóïðîâîäæóºòüñÿ çìåíøåííÿì ãóñòèíè ñòðóìó
êîðîç³¿ òà çðîñòàííÿì ïîëÿðèçàö³éíîãî îïîðó, ùî
ñâ³ä÷èòü ïðî ï³äâèùåííÿ êîðîç³éíî¿ ñò³éêîñò³
Ni–Mo ïîêðèòò³â. Ïîêàçàíî òàêîæ, ùî ïîêðèòòÿ,
îñàäæåí³ ç åëåêòðîë³òó íà îñíîâ³ reline, õàðàêòå-
ðèçóþòüñÿ âèùèìè àíòèêîðîç³éíèìè âëàñòè-
âîñòÿìè ïîð³âíÿíî ç ïîêðèòòÿìè, îòðèìàíèìè ç
ethaline, ùî, éìîâ³ðíî, ïîâ’ÿçàíî ç îñîáëèâîñòÿ-
ìè ¿õ åëåìåíòíîãî ñêëàäó. Îòðèìàí³ ðåçóëüòàòè
ï³äòâåðäæóþòü ïåðñïåêòèâí³ñòü âèêîðèñòàííÿ
åëåêòðîë³ò³â íà îñíîâ³ íèçüêîòåìïåðàòóðíèõ åâ-

Ðèñ. 2. Çàëåæí³ñòü ãóñòèíè ñòðóìó êîðîç³¿ â³ä âì³ñòó

ìîë³áäåíó â îñàä³ äëÿ ïîêðèòò³â, åëåêòðîîñàäæåíèõ ç

åëåêòðîë³ò³â íà îñíîâ³ ethaline òà reline
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òåêòè÷íèõ ðîç÷èííèê³â äëÿ ôîðìóâàííÿ êîðî-
ç³éíîñò³éêèõ Ni–Mo ïîêðèòò³â.

Êîíôë³êò ³íòåðåñ³â
Ïðîöåíêî Â.Ñ. ³ Äàíèëîâ Ô.É. º ÷ëåíàìè

ðåäàêö³éíî¿ êîëåã³¿ æóðíàëó, ïðîòå âîíè íå áðàëè
ó÷àñò³ â ïðîöåñ³ ðåöåíçóâàííÿ òà ïðèéíÿòò³ ð³øåííÿ
ùîäî ïóáë³êàö³¿ ö³º¿ ñòàòò³. ²íø³ àâòîðè çàÿâëÿ-
þòü ïðî â³äñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
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CORROSION–ELECTROCHEMICAL BEHAVIOR OF
Ni–Mo ALLOY ELECTRODEPOSITED FROM AN
ELECTROLYTE BASED ON DEEP EUTECTIC
SOLVENTS

O.D. Sukhatskyi *, T.E. Butyrina, D.A. Shaiderov,
V.S. Protsenko, F.I. Danilov
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The corrosion–electrochemical behavior of nickel and
nickel–molybdenum coatings electrodeposited from electrolytes
based on deep eutectic solvents (DES) in a 3% NaCl aqueous
solution was examined. The coatings were deposited from eutectic
mixtures of choline chloride with ethylene glycol (ethaline) and
urea (reline) at different current densities; for comparison, nickel
coatings prepared using a conventional aqueous sulfate–chloride
nickel-plating electrolyte were also studied. The corrosion
characteristics were determined by potentiodynamic polarization
with subsequent Tafel analysis to calculate the corrosion current
density, corrosion potential, and polarization resistance. It was
shown that coatings deposited from DES-based electrolytes exhibit
higher corrosion resistance than those obtained from the aqueous
electrolyte. The incorporation of molybdenum into the deposit
was found to decrease the corrosion current density and increase
the polarization resistance, while an increase in the Mo content
in the alloy leads to further improvement in the anticorrosion
properties of the coatings. It was also shown that, at similar
molybdenum contents, coatings deposited from the reline-based
electrolyte exhibit higher corrosion resistance than those obtained
from ethaline, which is associated with the higher carbon and
oxygen contents in such coatings and the formation of an additional
barrier layer on the surface.

Keywords: deep eutectic solvents; electrodeposition; alloy;
nickel–molybdenum; corrosion resistance; corrosion current
density; polarization resistance.
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