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Environmental Resources for Steel Corrosion Protection

Syza Î.I., Savñhenko Î.N., Chelyabieva V.N., Mytyai N.I.
Chernigov State University of Technology

Steel anticorrosive activity of water extractions from agricultural crops agents such as
garlic, onions, mustard and rape for prospecting of efficient and ecologically safe inhibi-
tors on vegetable raw material basis is investigated. It is displayed that the extractions
insertion into neutral corrosive environment (3 % NaCl) decreases steel corrosion by pro-
tective effect on 70–92 %. Vegetable inhibitors can make a successful competition with
traditional synthetic inhibitors.
Key words: corrosion inhibitors, vegetable raw materials, chemical compound.
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Îáîáùåííûé àíàëèç óãëåðîäîîáìåíà â ñèñòåìàõ
H–O–C–(Cðàñòâ). Âëèÿíèå àêòèâíîñòè óãëåðîäà

Áîíäàðåíêî Á.È., Íåáåñíûé À.À.,
Ôèëîíåíêî Ä.Ñ., Ñâÿòåíêî À.Ì., Áåçóãëûé Â.Ê.

Èíñòèòóò ãàçà ÍÀÍ Óêðàèíû, Êèåâ
Ðàññìîòðåíî âëèÿíèå àêòèâíîñòè óãëåðîäà íà ñëîæíûå ãàçîâûå ñèñòåìû, îòêðûòûå ïî
óãëåðîäó. Èçó÷åíî âëèÿíèå àêòèâíîñòè óãëåðîäà â ñèñòåìå íà ãðàíèöû óãëåðîäîâûäå-
ëåíèÿ è ãðàíèöû óãëåðîäîïîãëîùåíèÿ. Ïîêàçàíà âîçìîæíîñòü îáîáùåííîãî àíàëèçà
óãëåðîäîîáìåíà.

Êëþ÷åâûå ñëîâà: àêòèâíîñòü óãëåðîäà, óãëåðîäîñîäåðæàíèå, óãëåðîäîâûäåëåíèå, óã-
ëåðîäîïîãëîùåíèå.
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Â ñòàòüÿõ [1, 2] áûëî ââåäåíî ïîíÿòèå î
ñëîæíûõ ãàçîâûõ ñèñòåìàõ (ÑÃÑ), îòêðûòûõ
ïî óãëåðîäó. Áûëî ïîêàçàíî, ÷òî ñóùåñòâóåò
áåñêîíå÷íîå ÷èñëî ÑÃÑ, îáðàçîâàííûõ àòîìàìè
Ñ, Î è Í, êîòîðûå â òåðìîäèíàìè÷åñêîì ðàâíî-
âåñèè ñ Ñãðàô äàäóò ïðè äàííûõ òåìïåðàòóðå è
äàâëåíèè îäèí è òîò æå ðàâíîâåñíûé ñîñòàâ.
Áåñ÷èñëåííîå ÷èñëî òàêèõ ÑÃÑ ìîæíî èäåíòè-
ôèöèðîâàòü ïî ñîîòíîøåíèþ � = Í/Î, êîòîðîå
áóäåò îäèíàêîâî äëÿ íåðàâíîâåñíûõ è ðàâíîâåñ-
íûõ ÑÃÑ, è ïî ñòåïåíè óãëåðîäîñîäåðæàíèÿ.
Áûëî äîêàçàíî, ÷òî CÃÑ ñ çàäàííîé âåëè÷èíîé
�, îäèíàêîâûõ Ð è Ò èìåþò åäèíñòâåííîå çíà-
÷åíèå ðàâíîâåñíîé ñòåïåíè óãëåðîäîñîäåðæàíèÿ
�ð. Ïðè �èñõ > �ð èñõîäíàÿ ÑÃÑ áóäåò âûäåëÿòü
ñâîáîäíûé óãëåðîä, à ÑÃÑ ñ òåì æå çíà÷åíèåì
�, íî èìåþùàÿ �èñõ < �ð, áóäåò ïîãëîùàòü óãëå-
ðîä äî äîñòèæåíèÿ òîãî æå ñàìîãî, ÷òî è â ïåð-
âîì ñëó÷àå çíà÷åíèÿ �ð. Çíà÷åíèÿ �ð ÿâëÿþòñÿ
êîîðäèíàòàìè ãðàíèöû óãëåðîäîâûäåëåíèÿ —
óãëåðîäîïîãëîùåíèÿ. Áûëà ïîêàçàíà âîçìîæ-
íîñòü îáîáùåííîãî àíàëèçà êîîðäèíàòû �ð äëÿ
ëþáûõ êîíêðåòíûõ ÑÃÑ ñèñòåìû Ñ–Í–Î.

Âçàèìîäåéñòâèå ÑÃÑ ñî ñâÿçàííûì èëè ðàñ-
òâîðåííûì óãëåðîäîì ìîæíî ó÷åñòü íà ïðèìåðå
Fe ÷åðåç êîíñòàíòû ðàâíîâåñèÿ ðåàêöèé òèïà:

Fe3C + CO2 � 3 Fe + 2 CO; (1)

Fe3C + 2 H2 � 3 Fe + CH4; (2)

C|Fe| + CO2 � Fe + 2 CO; (3)

C|Fe| + 2 H2 � Fe + CH4. (4)

Ïðè ýòîì âçàèìîäåéñòâèè ñèñòåìà ñîäåðæèò
êàê ìèíèìóì äâå êîíäåíñèðîâàííûå ôàçû: ðàñ-
òâîðÿþùóþ èëè ñâÿçûâàþùóþ óãëåðîä; ñâîáîä-
íóþ îò óãëåðîäà. Íåîáõîäèìî ó÷èòûâàòü, ÷òî â
ñîñòîÿíèè ðàâíîâåñèÿ ñèñòåìà ÑÃÑ – Ññâÿç äåé-
ñòâèòåëüíî ñîäåðæèò òðè ôàçû, ÷èñëî ñòåïåíåé
ñâîáîäû ýòîé ñèñòåìû òàêæå ðàâíî òðåì. Ýòî
îçíà÷àåò, ÷òî ïðè çàäàííûõ Ð, Ò è ö ðàâíîâåñ-
íîå óãëåðîäîñîäåðæàíèå �ð áóäåò îäíîçíà÷íûì
äëÿ âûáðàííîãî êàðáèäà ìåòàëëà. Äëÿ îïðåäå-
ëåíèÿ �ð ñèñòåìû ÑÃÑ – Ìå – êàðáèä ðàñ÷åò-
íûå óðàâíåíèÿ äîïîëíÿòñÿ êîíñòàíòîé ðàâíîâå-
ñèÿ ðåàêöèè òèïà (1) èëè (2) [3–5].

Ñèñòåìà ÑÃÑ – Ñðàñòâ ïðè äîñòèæåíèè
ðàâíîâåñèÿ íå ñîäåðæèò ñâîáîäíîé îò óãëåðîäà
ôàçû, òî åñòü åå íåîáõîäèìî ðàññìàòðèâàòü
êàê äâóõôàçíóþ. Â ñâÿçè ñ ýòèì ÷èñëî ñòåïå-
íåé ñâîáîäû òàêîé ñèñòåìû ðàâíî ÷åòûðåì, è
åå ðàâíîâåñèå îïðåäåëÿåòñÿ ÷åòûðüìÿ íåçàâè-
ñèìûìè ïàðàìåòðàìè. ×åòâåðòûì ïàðàìåòðîì,
êðîìå Ð, Ò è �, â ýòîì ñëó÷àå áóäåò àêòèâíîñòü
óãëåðîäà àÑ â ðàñòâîðå, îïðåäåëÿåìàÿ èç âûðà-
æåíèÿ

µÑ(Ò, õÑ) = µ0
Ñ (Ò) + R T ln aÑ(Ò, õÑ),

ãäå µÑ — õèìè÷åñêèé ïîòåíöèàë óãëåðîäà â ðàñ-
òâîðå; µ0

Ñ — õèìè÷åñêèé ïîòåíöèàë ÷èñòîãî óã-
ëåðîäà â ôîðìå ãðàôèòà; õÑ — êîíöåíòðàöèÿ
(ìîëüíàÿ äîëÿ) óãëåðîäà â òâåðäîì ðàñòâîðå.

Ïîíÿòèå àêòèâíîñòè ââåäåíî â òåðìîäèíà-
ìèêó èç ôîðìàëüíûõ ñîîáðàæåíèé. Èíîãäà åå
òðàêòóþò êàê ìåðó ñòðåìëåíèÿ ýëåìåíòà ïîêè-
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Ñîñòàâ ÑÃÑ è èõ ðàâíîâåñíûå óãëåðîäîñîäåðæàíèÿ â ðàâíîâåñèè ñ ðàñòâîðåííûì óãëåðîäîì ïðè
Ð = 1 àòì, � = 2 è ðàçëè÷íûõ àÑ è Ò

Ò, Ê
Ðàâíîâåñíûå çíà÷åíèÿ, %

�ð
ÑÎ ÑÎ2 Í2 Í2Î ÑÍ4

Àêòèâíîñòü àÑ = 0,01/0,10

873 0,839/3,405 8,774/14,469 18,358/31,510 72,018/50,198 0,014/0,417 0,071/0,148

1073 9,058/25,957 12,604/10,350 34,257/46,468 44,075/17,131 0,005/0,094 0,184/0,380

1273 30,394/46,061 7,201/1,654 44,791/49,324 17,612/2,939 0,002/0,022 0,402/0,608

1473 44,785/49,389 1,834/0,223 48,451/49,821 4,928/0,559 0,001/0,007 0,582/0,656

Àêòèâíîñòü àÑ = 0,40/0,04

873 7,560/1,970 17,829/12,111 38,292/25,966 33,857/59,839 2,463/0,113 0,241/0,110

1073 38,388/17,934 5,659/12,351 48,874/42,573 6,662/27,110 0,416/0,032 0,526/0,290

1273 48,951/41,667 0,467/3,383 49,706/48,416 0,787/6,525 0,089/0,008 0,651/0,547

1473 49,858/48,511 0,057/0,538 49,914/49,582 0,141/1,366 0,028/0,003 0,664/0,642

Ðîçãëÿíóòî âïëèâ àêòèâíîñò³ âóãëåöþ íà ñêëàäí³ ãàçîâ³ ñèñòåìè, â³äêðèò³ ïî âóãëåöþ.
Âèâ÷åíî âïëèâ àêòèâíîñò³ âóãëåöþ â ñèñòåì³ íà ãðàíèö³ âèäàëåííÿ âóãëåöþ òà ãðàíèö³
ïîãëèíàííÿ âóãëåöþ. Ïîêàçàíî ìîæëèâ³ñòü óçàãàëüíåíîãî àíàë³çó îáì³íó âóãëåöþ.

Êëþ÷îâ³ ñëîâà: àêòèâí³ñòü âóãëåöþ, âì³ñò âóãëåöþ, âèäàëåííÿ âóãëåöþ, ïîãëèíàííÿ
âóãëåöþ.



íóòü êîíäåíñèðîâàííóþ ôàçó [6]. Òàêîå îïðåäå-
ëåíèå íå ðàñêðûâàåò äâèæóùèõ ñèë ïðîöåññà,
îäíàêî èñïîëüçîâàíèå àêòèâíîñòåé çíà÷èòåëüíî
óïðîñòèëî ìàòåìàòè÷åñêóþ ðàçðàáîòêó òåðìîäè-
íàìèêè ðàñòâîðîâ è ïîñëóæèëî îñíîâîé äëÿ
îáîáùåíèÿ è ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ îã-
ðîìíîãî ýêñïåðèìåíòàëüíîãî ìàòåðèàëà.

Ïîëàãàÿ àêòèâíîñòü ñâîáîäíîãî óãëåðîäà â
ôîðìå ãðàôèòà ðàâíîé åäèíèöå, ðàññìîòðèì
îñîáåííîñòè ðàâíîâåñíûõ ñîñòîÿíèé ñëîæíûõ
ãàçîâûõ ñèñòåì ñ óãëåðîäîì, ðàñòâîðåííûì â
ìåòàëëå, òî åñòü ïðè àÑ < 1.

Èç òàáëèöû âèäíî çàêîíîìåðíîå óìåíüøå-
íèå �P ñ óìåíüøåíèåì àÑ. Òàê, äëÿ ðÿäà àÑ =
0,40; 0,10; 0,04 è 0,01 ñîîòâåòñòâóþùèé ðÿä �P
ïðè òåìïåðàòóðå 1073 Ê èìååò òàêîé âèä: 0,526;
0,380; 0,290; 0,184.

Íà ðèñóíêå ïðåäñòàâëåíû ãðàôèêè çàâèñè-
ìîñòåé �P(Ò, �, àÑ) äëÿ Ð = 1 àòì. Öèôðû íà
êðèâûõ ïîêàçûâàþò çíà÷åíèÿ ðàâíîâåñíîé àê-
òèâíîñòè óãëåðîäà. Äëÿ ñðàâíåíèÿ ïðèâåäåíû
çàâèñèìîñòè �P ïðè àÑ = 1, òî åñòü äëÿ ãðàôè-
òà. Ýòè êðèâûå, åñòåñòâåííî, ñîâïàäàþò ñ êðè-
âûìè, ïðèâåäåííûìè äëÿ ðàâíîâåñèé ÑÃÑ –
Ñãðàô â ðàáîòàõ [1, 2]. Ëåãêî óñòàíîâèòü, ÷òî
êðèâûå äëÿ ìåíüøèõ àêòèâíîñòåé ïîëó÷àþòñÿ

«ðàñùåïëåíèåì» êðèâûõ äëÿ àÑ = 1 â íàïðàâëå-
íèè óìåíüøåíèÿ �P. Ïðè÷åì, ÷åì ìåíüøå àÑ,
òåì áîëüøå óìåíüøåíèå �P. Ñ ðîñòîì òåìïåðà-
òóðû «ðàñùåïëåííûå» êðèâûå àÑ < 1 ñòðåìÿòñÿ
ñáëèçèòüñÿ ñ êðèâûìè äëÿ àÑ = 1. Íàãëÿäíîñòü
ïðèâåäåííûõ ãðàôè÷åñêèõ äàííûõ ïîçâîëÿåò
óñïåøíî èñïîëüçîâàòü èõ ïðè èññëåäîâàíèÿõ è
ïðîåêòèðîâàíèè ïðîöåññîâ âîññòàíîâëåíèÿ è
òåðìîîáðàáîòêè ìåòàëëîâ.

Â Èíñòèòóòå ãàçà ñîçäàíà ïðîãðàììà
GasAndSolid, ñ ïîìîùüþ êîòîðîé ìîæíî ðàññ÷è-
òàòü ìàññèâ äàííûõ òèïà �P = f(Ò, �, àñ). Äîñòà-
òî÷íî çàäàòü àêòèâíîñòü óãëåðîäà ïðè îïðåäå-
ëåííûõ òåìïåðàòóðå è äàâëåíèè, ïîñëå ÷åãî ïðî-
ãðàììà ìîæåò îïðåäåëèòü �P ëþáîé ÑÃÑ.
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The Generalized Analysis of Carbon Interchange
in H–O–C–(Csolv) Systems. Carbon Activity Influence

Bondarenko B.I., Nebesniy A.A., Filonenko D.S.,
Svyatenko À.M., Bezuglyi V.K.

The Gas Institute of NASU, Kiev

The pressure influence on compound gas systems opened for carbon exchange is consid-
ered. The pressure influence on carbon extraction — carbon absorption border is investi-
gated. The possibility of the analysis of carbon exchange is demonstrated.
Key words: carbon activity, carbon content, carbon extraction, carbon absorption.
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