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Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû óñêîðåííûõ êîððîçèîííûõ èñïûòàíèé ïàðû àóñòåíèò-

íàÿ íåðæàâåþùàÿ ñòàëü — òèòàíîâûé ñïëàâ â óñëîâèÿõ ïîâûøåííûõ òåìïåðàòóð è êîí-

öåíòðàöèé êîððîçèâíûõ àãåíòîâ (óñëîâèÿ ðàçâèòèÿ ìåõàíèçìà ëîêàëüíîé êîððîçèè íå ìå-

íÿëèñü). Ïðåäëàãàåìûé ïîäõîä âêëþ÷àë ïðîâîöèðîâàíèå ïîÿâëåíèÿ ìèêðîêîíöåíòðàòî-

ðîâ íàïðÿæåíèé òðåõòî÷å÷íûì íàãðóæåíèåì èñïûòóåìûõ îáðàçöîâ è ïîñëåäóþùåå ïðèíó-

äèòåëüíîå ðàçâèòèå ëîêàëüíûõ âèäîâ êîððîçèè ïóòåì îäíîâðåìåííîãî âîçäåéñòâèÿ ïîâû-

øåííîé êîíöåíòðàöèè êîððîçèâíûõ àãåíòîâ è òåìïåðàòóðû ïðè ôèêñèðîâàííîé âûäåðæ-

êå â àâòîêëàâå. Ðåçóëüòàòû ìîäåëèðîâàíèÿ ïðîöåññà êîððîçèè ñïëàâà òèòàíà â êîíòàêòå ñ

íåðæàâåþùåé ñòàëüþ îöåíèâàëè íà îñíîâàíèè äàííûõ, ïîëó÷åííûõ ïðè ìåòàëëîãðàôè÷å-

ñêèõ èññëåäîâàíèÿõ ñîñòîÿíèÿ ïðèïîâåðõíîñòíûõ ñëîåâ ìåòàëëà è ìîðôîëîãèè ïðîäóêòîâ

êîððîçèè íà ïîäãîòîâëåííûõ øëèôàõ ïîâåðõíîñòè òåìïëåòîâ, âûðåçàííûõ èç èññëåäó-

åìûõ îáðàçöîâ. Èññëåäîâàëè ïàðó ñòàëü 08Õ18Í10Ò — òèòàíîâûé ñïëàâ ÂÒ-5. Ïîêàçàíî,

÷òî êîíòàêò îáðàçöîâ â óñëîâèÿõ óñêîðåííûõ êîððîçèîííûõ èñïûòàíèé íå ïðèâîäèò ê çíà-

÷èìîìó ðàçâèòèþ ëîêàëüíûõ âèäîâ êîððîçèè òèòàíîâîãî ñïëàâà. Íàïðîòèâ, àíàëèç ñîñòîÿ-

íèÿ ïðèïîâåðõíîñòíûõ ñëîåâ îáðàçöîâ íåðæàâåþùåé ñòàëè âûÿâèë íàëè÷èå ãëóáîêèõ ÿçâ

êîððîçèè, â ïðîäîëæåíèå êîòîðûõ ðàçâèâàëàñü ìåæêðèñòàëëèòíàÿ êîððîçèÿ. Ïðè ýòîì

êîððîçèÿ àóñòåíèòíîé ñòàëè, êàê ïðè íàëè÷èè, òàê è â îòñóòñòâèå êîíòàêòà ñ òèòàíîì, ïðî-

òåêàëà â òðè ñòàäèè: çàðîæäåíèå è ñëèÿíèå ïèòòèíãîâ; îáðàçîâàíèå ÿçâ íîæåâîé êîððîçèè;

ðàñïðîñòðàíåíèå ìåæêðèñòàëëèòíûõ òðåùèí â ãëóáèíó ñòàëè. Ïðåäëàãàåìàÿ ìåòîäèêà

êîððîçèîííûõ èñïûòàíèé ìîæåò áûòü èñïîëüçîâàíà ïðè ïðîãíîçå âîçìîæíîãî õàðàêòåðà

ðàçâèòèÿ êîððîçèè ìåòàëëîâ â ýêñïëóàòàöèîííûõ óñëîâèÿõ, ñîçäàþùèõ ëîêàëüíûå çîíû

ñòàòè÷åñêèõ íàïðÿæåíèé, è äëÿ îïåðàòèâíîãî ðåàãèðîâàíèÿ ïî ïðîäëåíèþ ïðîåêòíîãî ðå-

ñóðñà îáîðóäîâàíèÿ íà îáúåêòàõ òåïëîâîé è àòîìíîé ýíåðãåòèêè.
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The results of accelerated corrosion tests of a pair of austenitic stainless steel — titanium alloy under con-

ditions of elevated temperatures and high concentrations of corrosive agents are presented, conditions for

the developing the mechanism of local corrosion being the same. The proposed approach included provok-

ing the appearance of microstress concentrators by three-point loading of test samples with subsequent

forced development of local types of corrosion through simultaneous exposure to an increased concentra-

tion of corrosive agents and temperatures at a fixed exposure in an autoclave. The results of modeling the

corrosion process in a titanium alloy being in contact with stainless steel are assessed proceeding from the

data obtained from metallographic studies of the state of surface layers of the metal and the morphology of

corrosion products on prepared sections of the surface of templates cut from the samples under study.

We considred a pair of steel 08Kh18N10T — titanium alloy VT-5. It is shown that the contact of samples

under conditions of accelerated corrosion tests does not lead to a significant development of local types of

corrosion of the titanium alloy. On the contrary, analysis of the state of the surface layers of the samples of
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stainless steel revealed the presence of deep corrosion pits, triggering the intergranular corrosion. In this

case, corrosion of austenitic steel, both in the presence and in the absence of contact with titanium, pro-

ceeded in three stages: the initiation and fusion of pitting; formation of knife corrosion ulcers; propagation

of intergranular cracks into the depth of steel. The proposed methodology of corrosion testing can be used

to predict the possible nature of the development of metal corrosion under operating conditions that form

local zones of static stresses in structural materials, and for prompt response to extend the design life of

the equipment at thermal and nuclear power facilities.

Keywords: titanium alloy; stainless steel; contact corrosion; stressed state; accelerated autoclave testing.

Ââåäåíèå

Íåðæàâåþùèå ñòàëè è ñïëàâû òèòàíà —

îñíîâíûå êîíñòðóêöèîííûå ìàòåðèàëû â àòîì-

íîé ýíåðãåòèêå [1 – 5]. Îáëàäàþùèå âûñîêîé

ñòîéêîñòüþ ïî îòíîøåíèþ ê îáùåé êîððîçèè â

óñëîâèÿõ âîññòàíîâèòåëüíîãî âîäíî-õèìè÷åñêîãî

ðåæèìà ÿäåðíûõ ýíåðãåòè÷åñêèõ óñòàíîâîê

(ßÝÓ) ýòè ñïëàâû ïðîÿâëÿþò ñêëîííîñòü ê ðàçâè-

òèþ ëîêàëüíûõ âèäîâ êîððîçèè [6 – 10]. Äëÿ ïîä-

òâåðæäåíèÿ ïðîåêòíîãî è ïðîãíîçèðîâàíèÿ ôàê-

òè÷åñêîãî ðåñóðñà ìàòåðèàëîâ â ñâÿçè ñî ñëîæíî-

ñòüþ èçó÷àåìûõ ïðîöåññîâ è òðóäíîñòÿìè èõ ýêñ-

ïåðèìåíòàëüíîãî èññëåäîâàíèÿ íà äåéñòâóþùåì

îáîðóäîâàíèè íåîáõîäèìà ðàçðàáîòêà ëàáîðàòîð-

íûõ ìåòîäîâ îöåíêè óñòîé÷èâîñòè èçó÷àåìûõ îá-

ðàçöîâ ê ëîêàëüíûì âèäàì êîððîçèè [11].

Öåëü ðàáîòû — ðàçðàáîòêà ìåòîäèêè óñêî-

ðåííûõ êîððîçèîííûõ èñïûòàíèé (ÓÊÈ) êîíòàê-

òèðóþùåé ïàðû íåðæàâåþùàÿ ñòàëü — òèòàíî-

âûé ñïëàâ äëÿ îöåíêè êîððîçèîííîé ñòîéêîñòè è

ñðîêà ñëóæáû ìàòåðèàëîâ â ýêñïëóàòàöèîííûõ

óñëîâèÿõ.

Ìàòåðèàëû, ìåòîäèêà, îáîðóäîâàíèå

Äëÿ èññëåäîâàíèÿ ïîäãîòîâèëè ÷åòûðå áëîêà

îáðàçöîâ íåðæàâåþùåé ñòàëè 08Õ18Í10Ò è òè-

òàíîâîãî ñïëàâà ÂÒ-5 (áëîêè Ê, Ë, Ì, Í) (ñì.

òàáëèöó).

Èñõîäíûå ñòàëüíûå îáðàçöû (ðèñ. 1) ïðÿìî-

óãîëüíîé ôîðìû (äëèíà — 50, øèðèíà — 10 ìì)

âûðåçàëè èç ëèñòà íåðæàâåþùåé ñòàëè (òîëùè-

íà — 2 ìì) è ñîáèðàëè â áëîêè Ê è Ë. Áëîê Ë îò-

ëè÷àëñÿ îò áëîêà Ê ñòåïåíüþ íàãðóæåíèÿ: áëîê Ë

áûë íàãðóæåí â îáëàñòè óïðóãèõ äåôîðìàöèé,

áëîê Ê — â îáëàñòè óïðóãîïëàñòè÷åñêîé äåôîð-

ìàöèè (ïîñëå ñíÿòèÿ íàãðóçêè èçãèá îáðàçöà ñî-

õðàíÿëñÿ). Â îáîèõ áëîêàõ ïðÿìîé êîíòàêò îáðàç-

öîâ îòñóòñòâîâàë.

Èñõîäíûå îáðàçöû òèòàíîâîãî ñïëàâà (ðèñ. 2)

èçãîòàâëèâàëè ïðîäîëüíûì ðàçðåçîì òðóáêè

(äëèíà — 50, äèàìåòð — 15, òîëùèíà ñòåíêè —

2 ìì) è âìåñòå ñî ñòàëüíûìè îáðàçöàìè ðàçìåùà-

ëè â áëîêàõ Ì è Í. Ïðè ýòîì â áëîêå Ì îáðàçöû

ñòàëè è òèòàíà íàõîäèëèñü â íàãðóæåííîì ñî-

ñòîÿíèè â îòñóòñòâèè ïðÿìîãî êîíòàêòà, à â áëîêå

Í — â ïðÿìîì êîíòàêòå (ìåõàíè÷åñêèå íàïðÿæå-

íèÿ (çàíåâîëèâàíèå) îáðàçöîâ îòñóòñòâîâàëè).

Ðàáî÷èå ïîâåðõíîñòè îáðàçöîâ ïåðåä èñïûòà-

íèÿìè çà÷èùàëè äî øåðîõîâàòîñòè íå ãðóáåå

R
a

= 2,5 ìêì.

Óñêîðåííûå àâòîêëàâíûå èñïûòàíèÿ ïðîâî-

äèëè â ñëåäóþùèõ êîððîçèâíûõ ñðåäàõ: 1) 0,1 Í

âîäíûé ðàñòâîð HCl + 5 % NaCl; 2) 10 %-íûé

âîäíûé ðàñòâîð NaOH + 4 % NaF.

Ïðè âûáîðå ðåöåïòóðû ðàñòâîðîâ êîððîçèâ-

íûõ àãåíòîâ, óñêîðÿþùèõ ëîêàëüíûå âèäû êîð-

ðîçèè, òèïè÷íûå â ïåðâóþ î÷åðåäü äëÿ àóñòåíèò-

íûõ ñòàëåé, ó÷èòûâàëè ñëåäóþùåå [12]: à) çàäàí-

íûå óñëîâèÿ óñêîðåíèÿ ïðîöåññà íå äîëæíû ïðè-

âîäèòü ê èçìåíåíèþ ìåõàíèçìà êîððîçèè â êîí-

êðåòíîé ñðåäå; á) ïðè ïðîâåäåíèè ÓÊÈ äîëæíû

ó÷èòûâàòüñÿ ñîñòàâ è ïàðàìåòðû êîððîçèâíîé

ñðåäû â ðàáî÷èõ óñëîâèÿõ (êèñëàÿ ñðåäà â îáëàñ-

òè ðàáî÷èõ òåìïåðàòóð ïðè íåéòðàëüíîì êèñëî-

ðîäíîì è ùåëî÷íîì âîññòàíîâèòåëüíîì âîä-

íî-õèìè÷åñêèõ ðåæèìàõ); â) ïðè îöåíêå êîððîçè-

îííîé ñòîéêîñòè â ïðîöåññå ÓÊÈ íåîáõîäèìî âû-

äåëèòü è óñêîðèòü äîìèíèðóþùèé âèä ëîêàëü-

íîé êîððîçèè, ïðèñóùèé îáðàçöàì â

ýêñïëóàòàöèîííûõ óñëîâèÿõ (íàïðèìåð, ñêëîí-

íîñòü ê ìåæêðèñòàëëèòíîé êîððîçèè (ÌÊÊ) â

ñëó÷àå àóñòåíèòíûõ ñòàëåé [13]).
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Óñëîâèÿ óñêîðåííûõ êîððîçèîííûõ èñïûòàíèé

Conditions of accelerated corrosion testing

Áëîê Íàïðÿæåíèå
Êîíòàêò

ñòàëü – òèòàí
Òåìïåðàòóðà, °C

Âðåìÿ ïðåáûâàíèÿ

â êîððîçèâíîé ñðåäå 1, ÷

Âðåìÿ ïðåáûâàíèÿ

â êîððîçèâíîé ñðåäå 2, ÷

Ê + – 200 — �2000

Ë + – 200 — �2000

Ì + – 200 �1000 �1000

Í – + 200 �2000 —



Ýêñïåðèìåíòû ïðîâîäèëè ñ ó÷åòîì ñòàíäàðòà

ÈÑÎ 7384–1986, îïðåäåëÿþùåãî òðåáîâàíèÿ ê

îáðàçöàì, àïïàðàòóðå è ìåòîäèêå êîððîçèîííûõ

èñïûòàíèé â ðàçëè÷íûõ êîððîçèîííûõ ñðåäàõ.

Èñïîëüçîâàëè ìåòîä ïðîâîöèðîâàíèÿ óñêîðåííî-

ãî ïîÿâëåíèÿ ìèêðîêîíöåíòðàòîðîâ íàïðÿæåíèé

íà ïîâåðõíîñòè îáðàçöîâ ñ ïîñëåäóþùèì ïðèíó-

äèòåëüíûì ðàçâèòèåì ëîêàëüíûõ âèäîâ êîððî-

çèè ïîä äåéñòâèåì âûñîêèõ êîíöåíòðàöèé ñïåöè-

àëüíî ââåäåííûõ êîððîçèâíûõ àãåíòîâ ïðè ïî-

âûøåííûõ òåìïåðàòóðàõ è ìåõàíè÷åñêîì íàãðó-

æåíèè îáðàçöîâ íà èçãèá â îáëàñòè óïðóãî-

ïëàñòè÷åñêîé äåôîðìàöèè.

Âûáðàííàÿ ñõåìà íàãðóæåíèÿ (ÃÎÑÒ

9.901.2–89) ïðåäïîëàãàëà òðåõòî÷å÷íîå íàãðóæå-

íèå îáðàçöîâ. Èçãèáàþùåå íàïðÿæåíèå ñîçäàâà-

ëîñü çà ñ÷åò ðàçìåùåíèÿ öèëèíäðà (äèàìåòð —

3 ìì) â ñðåäíåé òî÷êå ìåæäó îáðàçöàìè (ñêðåïëå-

íèå îáðàçöîâ ìåæäó ñîáîé îñóùåñòâëÿëè ïî êîí-

öàì ñ ïîìîùüþ áîëòà ñ ãàéêîé (ñì. ðèñ. 2)). Ïðè

ýòîì âåëè÷èíà íàïðÿæåíèÿ çàâèñåëà îò íàòÿæå-

íèÿ ñîåäèíåíèÿ íà êîíöàõ îáðàçöîâ.

Ìàêñèìàëüíîå ðàñòÿãèâàþùåå íàïðÿæåíèå

ñîçäàâàëîñü íà âûïóêëîé ïîâåðõíîñòè îáðàçöà

íàïðîòèâ ìåñòà êàñàíèÿ åãî ñ öèëèíäðîì ïðè

ïðàêòè÷åñêè îäèíàêîâîé ïëîùàäè êîíòàêòà îá-

ðàçöîâ. Áîëòû, ãàéêè è öèëèíäð èçãîòàâëèâàëè

èç ñòàëè 08Õ18Í10Ò. Â áëîêå Í ìåæäó äâóìÿ îá-

ðàçöàìè èç òèòàíîâîãî ñïëàâà ïðîêëàäûâàëè îá-

ðàçåö èç àóñòåíèòíîé ñòàëè (ñì. ðèñ. 2). Âñå îá-

ðàçöû ñêðåïëÿëè ïî êðàÿì âèíòàìè ñ ãàéêîé, îá-

ðàçöû ïðè ýòîì ìåõàíè÷åñêè íå íàãðóæàëèñü.

Äëÿ îöåíêè êîððîçèîííîé ñòîéêîñòè áåç êîí-

òàêòà ñ òèòàíîâûì ñïëàâîì ïðîâîäèëè ÓÊÈ îá-

ðàçöîâ àóñòåíèòíîé ñòàëè ñ çàíåâîëèâàíèåì â

óïðóãîé (áëîê Ë) è óïðóãîïëàñòè÷åñêîé (áëîê Ê)

îáëàñòÿõ (ñì. ðèñ. 1).

Ïîäãîòîâëåííûå áëîêè ñ íàïðÿæåííûìè

îáðàçöàìè ïîìåùàëè â àâòîêëàâ, ñîäåðæàùèé

ðàñòâîð ñ êîððîçèîííî-àãðåññèâíûìè õèìè÷åñêè-

ìè ñîåäèíåíèÿìè. Áëîê Í âûäåðæèâàëè 2000 ÷

â ñðåäå 1, áëîêè Ê è Ë — 2000 ÷ â ñðåäå 2, áëîê

Ì — ïî 1000 ÷ ïîñëåäîâàòåëüíî â ñðåäàõ 1 è 2.

Âèçóàëüíûé êîíòðîëü êîððîçèîííûõ èçìåíå-

íèé ñîñòîÿíèÿ ïîâåðõíîñòè îáðàçöîâ ïðîâîäèëè

÷åðåç 200, 500, 1000, 1500 è 2000 ÷ ñ èñïîëüçîâà-
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Ðèñ. 1. Èñõîäíûå îáðàçöû ñòàëè 08Õ18Í10Ò è ñîáðàí-

íûå áëîêè Ë è Ê äî êîððîçèîííûõ èñïûòàíèé

Fig. 1. The initial steel samples and assembled blocks L

and K before corrosion tests

à

á

ì

í

Ðèñ. 2. Èñõîäíûå îáðàçöû òèòàíîâîãî ñïëàâà è àóñòå-

íèòíîé ñòàëè îòäåëüíî (à) è â áëîêàõ Ì è Í (á) äî êîððî-

çèîííûõ èñïûòàíèé

Fig. 2. The initial titanium and steel samples separately (a)

and assembled in blocks M and N (b) before corrosion tests



íèåì ìåòàëëîãðàôè÷åñêèõ îïòè÷åñêèõ ìèêðîñêî-

ïîâ ïðè ìàëîì óâåëè÷åíèè (×2 – 100).

Ïîñëå àâòîêëàâíûõ èñïûòàíèé ïðè çàäàí-

íûõ óñëîâèÿõ (òåìïåðàòóðå è ïðîäîëæèòåëüíî-

ñòè èñïûòàíèé) ïðîâîäèëè ìåòàëëîãðàôè÷åñêîå

èññëåäîâàíèå áëîêîâ, âêëþ÷àþùåå ïîñëåäîâà-

òåëüíûå îïåðàöèè âèçóàëüíîãî êîíòðîëÿ è èññëå-

äîâàíèå ïîâåðõíîñòíûõ èçìåíåíèé îáðàçöîâ ïî

ñðàâíåíèþ ñ èñõîäíûì ñîñòîÿíèåì [14]. Äàëåå

àíàëèçèðîâàëè èçìåíåíèÿ ñîñòîÿíèÿ ïðèïîâåðõ-

íîñòíûõ ñëîåâ ìåòàëëà è ìîðôîëîãèþ ïðîäóêòîâ

êîððîçèè íà ïîäãîòîâëåííûõ øëèôàõ ñ ïîëó÷å-

íèåì èçîáðàæåíèé íà îïòè÷åñêîì ìèêðîñêîïå

(×300 – 800).

Îáñóæäåíèå ðåçóëüòàòîâ

Íà ðèñ. 3 ïðåäñòàâëåíû îáðàçöû àóñòåíèòíîé

ñòàëè â êîíòàêòå ñ òèòàíîâûì ñïëàâîì (áëîêè Ë,

Ì, Í) ïðè òðåõòî÷å÷íîì çàíåâîëèâàíèè ïîñëå àâ-

òîêëàâíûõ èñïûòàíèé.

Ñîñòîÿíèå ïîâåðõíîñòè ñòàëüíîãî îáðàçöà

(áëîê Ì) â çîíå ìàêñèìàëüíûõ íàïðÿæåíèé ïîêà-

çàíî íà ðèñ. 4. Âèäíî, ÷òî ïîñëå êîððîçèîííûõ

èñïûòàíèé (2000 ÷) íà áîêîâîé ïîâåðõíîñòè îá-

ðàçöà ñôîðìèðîâàëèñü ìàãèñòðàëüíûå (ñêâîç-

íûå) òðåùèíû. Àíàëîãè÷íûå äåôåêòû íàáëþäà-

ëèñü â ïðîäîëüíîì ñå÷åíèè îáðàçöîâ (áëîê Ê) íà

ó÷àñòêå ìàêñèìàëüíîãî íàïðÿæåííîãî ñîñòîÿíèÿ

(ðèñ. 5).

Èññëåäîâàíèå øëèôà ïîïåðå÷íîãî ñå÷åíèÿ è

ñîñòîÿíèÿ ïðèïîâåðõíîñòíûõ ñëîåâ ñòàëüíûõ îá-

ðàçöîâ (áëîê Í) ïîêàçàëî, ÷òî ïîñëå ïðåáûâàíèÿ

â êîððîçèîííîé ñðåäå íà ïîâåðõíîñòè îáðàçöîâ

îáðàçóþòñÿ ðûõëûå ïðîäóêòû êîððîçèè è íàáëþ-

äàåòñÿ íàðóøåíèå ñïëîøíîñòè îêñèäíîé ïëåíêè.
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Ðèñ. 3. Áëîêè Ë, Ì, Í ïîñëå êîððîçèîííûõ èñïûòàíèé

(2000 ÷): à, á — âèä ñáîêó è ñâåðõó (ñî ñòîðîíû òèòàíîâîãî

îáðàçöà)

Fig. 3. Blocks L, M, N after corrosion tests (2000 h): a, b —

side and top view (from the side of a titanium sample)

à á

â ã

ã

Ðèñ. 4. Ñîñòîÿíèå áîêîâîé (à, á) è âåðõíåé (â, ã) ïîâåðõ-

íîñòåé ñòàëüíîãî îáðàçöà (áëîê Ì) ïîñëå êîððîçèîííûõ

èñïûòàíèé

Fig. 4. Condition of the side (a, b) and upper (c, d) surfaces

of a steel sample (block M) after corrosion tests

Ðèñ. 5. Ìàãèñòðàëüíàÿ (ñêâîçíàÿ) òðåùèíà â ïðîäîëü-

íîì ñå÷åíèè îáðàçöîâ (áëîê Ê) íà ó÷àñòêå ìàêñèìàëüíîãî

íàïðÿæåííîãî ñîñòîÿíèÿ

Fig. 5. The main (through) crack in the longitudinal sec-

tion of samples (block K) at the site of the maximum stress

state



Íà òèòàíîâûõ îáðàçöàõ ôèêñèðîâàëè ðàçâèòèå

îáùåé êîððîçèè (ðèñ. 6).

Êðîìå òîãî, àíàëèç ïðèïîâåðõíîñòíûõ ñëîåâ

â ïîïåðå÷íîì ñå÷åíèè îáðàçöîâ àóñòåíèòíîé ñòà-

ëè ïîñëå ÓÊÈ â êîíòàêòå ñ òèòàíîì (áëîê Í) âû-

ÿâèë, ÷òî íà ïîâåðõíîñòè ñòàëè è òèòàíà îáðàçó-

þòñÿ ñëîè ïðîäóêòîâ êîððîçèè. Â ïðèïîâåðõíîñò-

íûõ ñëîÿõ ñòàëüíîãî îáðàçöà íàáëþäàþòñÿ ïèò-

òèíãè è ãëóáîêèå ÿçâû êîððîçèè, â ïðîäîëæåíèå

êîòîðûõ ðàçâèâàåòñÿ ÌÊÊ (ðèñ. 7).

Íàèáîëåå èíòåíñèâíî êîððîçèÿ ñòàëè ðàçâè-

âàåòñÿ íà ó÷àñòêàõ, íàõîäÿùèõñÿ â ìàêñèìàëüíî

íàïðÿæåííîì ñîñòîÿíèè. Íà ïîâåðõíîñòè îáðàç-

öîâ ôèêñèðîâàëè òðåùèíû ðàçëè÷íîé ãëóáèíû è

ïðîòÿæåííîñòè, ïîä ñëîåì ïðîäóêòîâ êîððîçèè —

áîëüøîå êîëè÷åñòâî ÿçâ íîæåâîé êîððîçèè ñ ìåæ-

êðèñòàëëèòíûì ðàçâèòèåì â ãëóáèíó îáðàçöà

(ðèñ. 8).

Â îòëè÷èå îò íåðæàâåþùåé ñòàëè êîíòàêòè-

ðóþùèå îáðàçöû òèòàíîâîãî ñïëàâà â óñëîâèÿõ

èñïûòàíèé íå îáíàðóæèâàëè ñêëîííîñòè ê ëî-

êàëüíûì âèäàì êîððîçèè. Íàáëþäàëèñü íåçíà÷è-

òåëüíûå ñëåäû îáùåé êîððîçèè ñ îáðàçîâàíèåì

òîíêèõ ñëîåâ ïðîäóêòîâ êîððîçèè íà ïîâåðõíîñòè

(ñì. ðèñ. 6).

Ìîæíî ñäåëàòü âûâîä, ÷òî ïðåäëàãàåìûé

ïîäõîä ê ïðîâåäåíèþ ÓÊÈ ïîçâîëÿåò ïðîãíîçè-

ðîâàòü âîçìîæíûé õàðàêòåð ðàçâèòèÿ êîððîçèè

ìåòàëëà â ýêñïëóàòàöèîííûõ óñëîâèÿõ, ñîçäà-

þùèõ ëîêàëüíûå çîíû ñòàòè÷åñêèõ íàïðÿæåíèé

íà êîíñòðóêöèîííûå ìàòåðèàëû. Â ÷àñòíîñòè,

ïðè êîíòàêòå àóñòåíèòíîé ñòàëè ñ òèòàíîâûìè

ñïëàâàìè ïîä íàïðÿæåíèåì ïîñëåäíèå íå ïîä-

âåðãàëèñü ëîêàëüíûì âèäàì êîððîçèè [15].

Êðèòè÷åñêîå ñîñòîÿíèå ñòàëè ïðè ïðèìåíåííîì

ñïîñîáå çàíåâîëèâàíèÿ íàñòóïàëî ïðè äëèòåëü-

íîñòè ÓÊÈ �1000 ÷ ïðè 200 °C. Ïðè ýòîì ëîêàëü-
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Ðèñ. 6. Øëèô ïîïåðå÷íîãî ñå÷åíèÿ îáðàçöîâ (áëîê Í) (à)

è óâåëè÷åííûå ôðàãìåíòû êîððîçèîííûõ ïîâðåæäåíèé

îáðàçöîâ òèòàíîâîãî ñïëàâà è ñòàëè (á – ã)

Fig. 6. The cross section of samples (block N) (a) and frag-

ments of the corrosion damage to titanium alloy and steel

samples (b – d)

à á â

Ðèñ. 7. Ìèêðîòðåùèíû ñòàëüíîãî îáðàçöà (áëîê Í) â êîíòàêòå ñ òèòàíîâûì ñïëàâîì ïîñëå 500 (à), 1000 (á) è 2000 ÷ (â)

ÓÊÈ â êèñëîé ñðåäå

Fig. 7. Microcracks of a steel sample (block N) in contact with a titanium allot after 500 (a), 1000 (b), and 2000 h (c) of acceler-

ated tests in an acidic environment

à

á

Ðèñ. 8. Êîððîçèîííûå ìèêðîòðåùèíû ñòàëüíûõ îáðàç-

öîâ â áëîêàõ Ì (à) è Ë (á) â çîíå ìàêñèìàëüíîãî íàïðÿ-

æåííîãî ñîñòîÿíèÿ ïîñëå 2000 ÷ ÓÊÈ

Fig. 8. Corrosion microcracks of steel samples in blocks M

(a) and L (b) in the zone of maximum stress state after

2000 h of accelerated tests



íóþ êîððîçèþ òèòàíîâîãî ñïëàâà â óñëîâèÿõ èñ-

ïûòàíèé íå ôèêñèðîâàëè. Âìåñòå ñ òåì êîððîçèÿ

àóñòåíèòíîé ñòàëè â êîíòàêòå ñ òèòàíîì ïðîòåêà-

ëà â òðè ñòàäèè: 1) çàðîæäåíèå è ñëèÿíèå ïèò-

òèíãîâ; 2) îáðàçîâàíèå ÿçâ íîæåâîé êîððîçèè;

3) ðàñïðîñòðàíåíèå ìåæêðèñòàëëèòíûõ òðåùèí â

ãëóáèíó ñòàëè.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïðîâåäåííûå èñïûòàíèÿ ïî-

êàçàëè, ÷òî íåðæàâåþùèå ñòàëè â óñëîâèÿõ âîñ-

ñòàíîâèòåëüíîãî âîäíî-õèìè÷åñêîãî ðåæèìà ßÝÓ

ïðîÿâëÿþò ñêëîííîñòü ê ðàçâèòèþ ëîêàëüíûõ âè-

äîâ êîððîçèè. Äëÿ ïðîãíîçèðîâàíèÿ ôàêòè÷å-

ñêîãî ðåñóðñà îáîðóäîâàíèÿ íåîáõîäèìà îöåíêà

óñòîé÷èâîñòè èçó÷àåìûõ îáðàçöîâ ê ëîêàëüíîé

êîððîçèè. Ïðåäëîæåííûé ïîäõîä ê ÓÊÈ îá-

ðàçöîâ êîíòàêòèðóþùåé ïàðû íåðæàâåþùàÿ

ñòàëü – òèòàíîâûé ñïëàâ â óñëîâèÿõ ñòàòè÷åñêîãî

íàãðóæåíèÿ ñòàëüíîãî îáðàçöà ïðè ïîâûøåííîé

òåìïåðàòóðå ó÷èòûâàåò ñîñòàâ è ïàðàìåòðû êîð-

ðîçèîííîé ñðåäû â ðàáî÷èõ óñëîâèÿõ ßÝÓ, îïðå-

äåëÿåò óñëîâèÿ óñêîðåíèÿ äîìèíèðóþùåãî âèäà

ëîêàëüíîé êîððîçèè ïðè îòñóòñòâèè âëèÿíèÿ íà

åå ìåõàíèçì. ÓÊÈ íå âûÿâèëè ðàçâèòèÿ ñïåöè-

ôè÷åñêèõ âèäîâ êîððîçèè íåðæàâåþùåé ñòàëè è

òèòàíîâîãî ñïëàâà, âûçâàííûõ íàëè÷èåì êîíòàê-

òà ìåæäó íèìè.

Ôèíàíñèðîâàíèå

Ðàáîòà ôèíàíñèðîâàëàñü çà ñ÷åò ñðåäñòâ áþä-

æåòà èíñòèòóòà (ó÷ðåæäåíèÿ, îðãàíèçàöèè). Äî-

ïîëíèòåëüíûå ãðàíòû íà ïðîâåäåíèå èëè ðóêîâî-

äñòâî äàííûì èññëåäîâàíèåì íå ïðèâëåêàëèñü.

Êîíôëèêò èíòåðåñîâ

Àâòîðû çàÿâëÿþò îá îòñóòñòâèè êîíôëèêòà

èíòåðåñîâ.
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