
Àíàëèç èçâåñòíûõ òåõíîëîãèé ïîëó÷åíèÿ
óãëåðîäíûõ íàíîòðóáîê (ÓÍÒ) ïîêàçûâàåò, ÷òî
áîëüøèíñòâî íèçêîòåìïåðàòóðíûõ ïðîöåññîâ
òàê èëè èíà÷å ñâÿçàíî ñ êîíâåðñèåé óãëåâîäîðî-
äîâ ïðè ðàçëè÷íûõ òåìïåðàòóðíûõ ðåæèìàõ
[1]. Ýòè òåõíîëîãèè ðàçëè÷àþòñÿ ïðèìåíÿåìû-
ìè êàòàëèçàòîðàìè è ìåòîäàìè èõ ïîëó÷åíèÿ.
Âûñîêîòåìïåðàòóðíûå ïðîöåññû ñèíòåçà ÓÍÒ
ÿâëÿþòñÿ ýíåðãîåìêèìè è ñëîæíî óïðàâëÿåìû-
ìè, à òàêæå òðåáóþùèìè áîëüøîãî îáúåìà ðà-
áîò ïî î÷èñòêå ïåðâè÷íîãî ïðîäóêòà. Íèçêîòåì-
ïåðàòóðíûå ïðîöåññû îáû÷íî ìàëîïðîèçâîäè-
òåëüíû è èìåþò íèçêèé êîýôôèöèåíò èñïîëüçî-
âàíèÿ óãëåâîäîðîäîâ. Ðàçðàáîòàííàÿ â Èíñòè-
òóòå ãàçà ÍÀÍ Óêðàèíû òåõíîëîãèÿ ïîëó÷åíèÿ
ÓÍÒ, ïî ìíåíèþ àâòîðîâ, ïîçâîëÿåò â îïðåäå-
ëåííîé ìåðå ïðåîäîëåòü âûøåïåðå÷èñëåííûå
íåäîñòàòêè.

Öåëü äàííîé ðàáîòû — ïîèñê è èññëåäîâà-
íèå òåõíîëîãè÷åñêèõ ðåæèìîâ ñèíòåçà óãëåðîä-

íûõ íàíîòðóáîê ñ èñïîëüçîâàíèåì â êà÷åñòâå
èñõîäíîãî ñûðüÿ îäíîãî èç ñàìûõ äåøåâûõ è
ðàñïðîñòðàíåííûõ óãëåâîäîðîäîâ — ïðèðîä-
íîãî ãàçà.

Â êà÷åñòâå áàçîâîé òåõíîëîãèè èñïîëüçîâà-
ëè ïðîöåññ ïðè óìåðåííûõ òåìïåðàòóðàõ (â
äèàïàçîíå êèíåòèêî-òåðìîäèíàìè÷åñêîãî ìàêñè-
ìóìà ïðîòåêàíèÿ ðåàêöèè Áåëëà-Áóäóàðà) ñ
ïðèìåíåíèåì â ðîëè ðåàêöèîííîãî ãàçà ïðîäóê-
òîâ âîçäóøíîé êîíâåðñèè ïðèðîäíîãî ãàçà.
Êîíâåðñèÿ ïðîâîäèëàñü â ïðîâåðåííûõ ïðàêòè-
êîé ðåàêòîðàõ êàòàëèòè÷åñêîé êîíâåðñèè íà êà-
òàëèçàòîðàõ ÃÈÀÏ-3-6Í (ðèñ.1).

Â ðåçóëüòàòå ïîëó÷àëè êîíâåðòèðîâàííûé
ãàç, ñîäåðæàùèé äî 18 % ÑÎ è 35 % Í2, 3–5 %
îêèñëèòåëåé, 0,5–1,5 % ÑÍ4, îñòàëüíîå — N2.
Ïîëó÷åííûé êîíâåðòèðîâàííûé ãàç îñóøèâàëè
íà ñèëèêàãåëå, à çàòåì ïîäàâàëè â ãîðèçîíòàëü-
íî ðàñïîëîæåííóþ ïå÷ü íà ïîðîøêîîáðàçíûé
æåëåçîðóäíûé êîíöåíòðàò, çàãðóæåííûé â ôàð-
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Èññëåäîâàíèå òåõíîëîãèè ïîëó÷åíèÿ
óãëåðîäíûõ íàíîòðóáîê â ãàçîâûõ ñìåñÿõ,

ñîäåðæàùèõ ìîíîîêñèä óãëåðîäà

Àíàëèç ñóùåñòâóþùèõ ñïîñîáîâ ïîëó÷åíèÿ óãëåðîäíûõ íàíîòðóáîê (ÓÍÒ) ñâèäåòåëü-
ñòâóåò î ïðåèìóùåñòâå ìåòîäà êàòàëèòè÷åñêîãî ñèíòåçà. Ýòîò ìåòîä îòëè÷àåòñÿ îòíîñè-
òåëüíî íèçêîé ýíåðãîåìêîñòüþ ïðîöåññà, èñïîëüçîâàíèåì äåøåâîãî óãëåðîäñîäåðæà-
ùåãî ñûðüÿ, âîçìîæíîñòüþ ñîçäàíèÿ ïðîìûøëåííîãî âûñîêîïðîäóêòèâíîãî ïðîèçâîä-
ñòâà, îòíîñèòåëüíîé ïðîñòîòîé îáîðóäîâàíèÿ, à òàêæå îòñóòñòâèåì íåîáõîäèìîñòè
òùàòåëüíîé î÷èñòêè êîíå÷íîãî ïðîäóêòà. Ìåòîäû êàòàëèòè÷åñêîãî ñèíòåçà ðàçëè÷àþò-
ñÿ âèäîì óãëåðîäíîãî ñûðüÿ, òèïîì êàòàëèçàòîðà, òåìïåðàòóðíûìè ðåæèìàìè è äð.
Ðàññìîòðåíû íîâûå ïîäõîäû, ïîçâîëÿþùèå áåñïðåðûâíî ïîëó÷àòü ÓÍÒ. Â êà÷åñòâå
áàçîâîé òåõíîëîãèè èñïîëüçîâàëè ïðîöåññ ïðè óìåðåííûõ òåìïåðàòóðàõ (â äèàïàçîíå
êèíåòèêî-òåðìîäèíàìè÷åñêîãî ìàêñèìóìà ïðîòåêàíèÿ ðåàêöèè Áåëëà-Áóäóàðà) ñ ïðè-
ìåíåíèåì â ðîëè ðåàêöèîííîãî ãàçà ïðîäóêòîâ âîçäóøíîé êîíâåðñèè ïðèðîäíîãî ãàçà
ñî ñòðîãî êîíòðîëèðóåìûìè âîäîðîäíûìè, óãëåðîäíûìè è êèñëîðîäíûìè ïîòåíöèàëà-
ìè. Èññëåäîâàíà âîçìîæíîñòü ïîëó÷åíèÿ ÓÍÒ èç ãåíåðàòîðíîãî ãàçà. Íàèáîëüøèé
âûõîä êîíå÷íîãî ïðîäóêòà áûë äîñòèãíóò íà æåëåçîðóäíîì êîíöåíòðàòå Èíãóëåöêîãî
ÃÎÊà (ã. Êðèâîé Ðîã), êîòîðûé èñïîëüçîâàëè â êà÷åñòâå êàòàëèçàòîðà îáðàçîâàíèÿ
ÓÍÒ. Áèáë. 4, ðèñ. 3.

Êëþ÷åâûå ñëîâà: óãëåðîäíûå íàíîòðóáêè, âîññòàíîâëåííîå æåëåçî, ïðîäóêòû êîíâåð-
ñèè ïðèðîäíîãî ãàçà, ãåíåðàòîðíûé ãàç.
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ôîðîâóþ ëîäî÷êó è íàãðåòûé äî çàäàííîé òåì-
ïåðàòóðû.

Äëÿ ïðîâåðêè äåéñòâèÿ êàòàëèòè÷åñêèõ ÿäîâ
áûëè ïðîâåäåíû îïûòû, â êîòîðûõ ïîâåðõíîñòü
æåëåçíîãî êàòàëèçàòîðà îáðàáàòûâàëàñü âîäíûìè
ðàñòâîðàìè ñîëè Fe(NH4)(SO4)2·12H2O, à òàêæå
êèñëîò Í3ÐÎ4 è HCl. Â ñëó÷àå îáðàáîòêè êàòà-
ëèçàòîðà îðòîôîñôîðíîé êèñëîòîé (çàãðÿçíåíèå
ôîñôîðîì) âûäåëåíèå óãëåðîäà áûëî ñêóäíûì, à
ïðè îáðàáîòêå ñîëüþ, â ñîñòàâ êîòîðîé âõîäèò ñå-
ðà, è ñîëÿíîé êèñëîòîé (íàëè÷èå õëîðà) — îò-
ñóòñòâîâàëî ïðàêòè÷åñêè ïîëíîñòüþ.

Ïðîâåäåíû èññëåäîâàíèÿ âëèÿíèÿ ïðèðîäû
âåùåñòâà êàòàëèçàòîðà íà âûõîä óãëåðîäíîãî
ìàòåðèàëà. Êðîìå æåëåçîðóäíîãî êîíöåíòðàòà
Êðèâîðîæñêîãî ìåñòîðîæäåíèÿ, èñïûòûâàëè
ñîëè íèêåëÿ (NiCO3·nNi(OH)2·mH2O) è æåëå-
çà (Fe(NO3)3·nH2O), àöåòàò êîáàëüòà, áèõðî-
ìàò êàëèÿ (K2Cr2O7), àöåòàò ìåäè. Ïðè ðàâíûõ
óñëîâèÿõ íàèáîëüøèé âûõîä óãëåðîäíîãî ìàòå-
ðèàëà áûë ïîëó÷åí â ñëó÷àå èñïîëüçîâàíèÿ æå-
ëåçîðóäíîãî êîíöåíòðàòà, ñîëåé æåëåçà è íèêå-
ëÿ, ïîýòîìó â äàëüíåéøåì âñå èññëåäîâàíèÿ
ïðîâîäèëè íà æåëåçíîì êàòàëèçàòîðå.

Âíà÷àëå ïðîòåêàåò òâåðäîôàçíîå âîññòàíîâ-
ëåíèå æåëåçà èç åãî îêèñëîâ, à çàòåì íà ñâåæå-
âîññòàíîâëåííîì æåëåçå, êîòîðîå ñëóæèò êàòà-
ëèçàòîðîì, ðàçâèâàåòñÿ ðåàêöèÿ ðàçëîæåíèÿ
(äèñïðîïîðöèîíèðîâàíèÿ) îêñèäà óãëåðîäà ñ
âûäåëåíèåì óãëåðîäíûõ ìàòåðèàëîâ. Àíàëèç óã-
ëåðîäíîãî ìàòåðèàëà íà ðàñòðîâîì ýëåêòðîííîì
ìèêðîñêîïå JSM-6700 F ïîêàçàë, ÷òî ñóùåñòâó-
þò óñëîâèÿ, îáåñïå÷èâàþùèå ïîëó÷åíèå îòíîñè-
òåëüíî âûñîêèõ êîíöåíòðàöèé ÓÍÒ â ïðîäóêòå.

2 ÑÎ � Ñ + ÑÎ2 — îñíîâíàÿ ðåàêöèÿ äî-
ñòàâêè óãëåðîäà â çîíó ôîðìèðîâàíèÿ ÓÍÒ.
Òåðìîäèíàìè÷åñêàÿ âîçìîæíîñòü îòëîæåíèÿ óã-
ëåðîäà ïî ïðèâåäåííîé ðåàêöèè ñ ïîíèæåíèåì
òåìïåðàòóðû âîçðàñòàåò. Ñ ïîâûøåíèåì òåìïå-
ðàòóðû êèíåòè÷åñêèå óñëîâèÿ óëó÷øàþòñÿ, íî
ðåàêöèÿ ñòàíîâèòñÿ òåðìîäèíàìè÷åñêè íåâîç-
ìîæíîé [2].

Ñ öåëüþ áîëåå ïîëíîãî èñïîëüçîâàíèÿ ïî-
òåíöèàëà êîíâåðòèðîâàííîãî ãàçà ïðîâåäåíû
îïûòû â âåðòèêàëüíîé ïå÷è ñ ôèëüòðàöèåé ãàçà
÷åðåç ñëîé æåëåçíîãî êîíöåíòðàòà. Ïðè òåìïå-
ðàòóðàõ ìåíåå 550–600 �Ñ ïðåîáëàäàåò ïðîöåññ
îáðàçîâàíèÿ îáû÷íîé ñàæè. Ïðè ïîâûøåíèè

òåìïåðàòóðû ïðîöåññà ñâûøå
700 �Ñ èç-çà ðåçêîãî óâåëè÷å-
íèÿ ðàâíîâåñíîé êîíöåíòðàöèè
îêñèäà óãëåðîäà â ãàçîâîé ôàçå
ïî ðåàêöèè 2 ÑÎ = ÑÎ2 + Ñ è
ïðè ñíèæåíèè ïî ýòîé æå ïðè-
÷èíå ðàáîòîñïîñîáíîñòè ãàçà
âûäåëåíèå óãëåðîäíîãî ìàòå-
ðèàëà çíà÷èòåëüíî ñîêðàùà-
ëîñü. Ïîïûòêà óâåëè÷èòü ðàñ-
õîä ãàçà ïðèâîäèëà ê îáðàçîâà-
íèþ êàíàëüíîãî äâèæåíèÿ ãàçà
â ñëîå è ïîâûøåííîãî óíîñà
ìàòåðèàëà èç ïå÷è. Êðîìå òîãî,
íà÷èíàë ðàçâèâàòüñÿ ïðîöåññ
ñïåêàíèÿ ñëîÿ êàòàëèçàòîðà,
÷òî çàòðóäíÿëî âûãðóçêó ìàòå-
ðèàëà èç ðåàêòîðà ïå÷è.

Äëÿ ðåøåíèÿ äàííîé ïðî-
áëåìû áûëî ïðåäëîæåíî ïîëó-
÷àòü óãëåðîäíûé ìàòåðèàë íà
ïîâåðõíîñòè ìåòàëëè÷åñêèõ ïëà-
ñòèí, ïîêðûòûõ òîíêèì ñëîåì
êàòàëèòè÷åñêè àêòèâíîãî âåùå-
ñòâà. Èç ïëàñòèí ñîáèðàëè ïà-
êåò òàêèì îáðàçîì, ÷òîáû îí
ðàâíîìåðíî çàïîëíÿë âñå ïîïå-
ðå÷íîå ñå÷åíèå ðåàêòîðà ïå÷è
(ðèñ.2). Ðàññòîÿíèå ìåæäó ïëà-
ñòèíàìè â ïàêåòå ñîñòàâëÿëî
îêîëî 15 ìì, ÷òî ïîçâîëèëî
ïðàêòè÷åñêè äî íóëÿ ñíèçèòü ãà-
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Ðèñ.1. Òåõíîëîãè÷åñêàÿ ñõåìà ëàáîðàòîðíîé óñòàíîâêè äëÿ èññëåäîâàíèÿ ïðîöåññîâ
ïîëó÷åíèÿ ÓÍÒ: 1 — ãåíåðàòîð êîíâåðòèðîâàííîãî ãàçà; 2 — óãîëüíûé ãàçîãåíåðà-
òîð; 3 — âåðòèêàëüíàÿ ïå÷ü ñ êèïÿùèì ñëîåì; 4 — ãîðèçîíòàëüíàÿ ïå÷ü ÑÓÎË;
5 — ãîðèçîíòàëüíàÿ ïå÷ü ÑÄÎ; 6, 7 — âîçäóøíûé êîìïðåññîð; 8 — ïîãëîòèòåëü
âëàãè; 9 — ïîãëîòèòåëü ñåðû; 10 — áàëëîí ñ àçîòîì; 11 — áàëëîí ñ âîäîðîäîì.



çîäèíàìè÷åñêîå ñîïðîòèâëåíèå â ïå÷è è ïîâû-
ñèòü ñòåïåíü èñïîëüçîâàíèÿ ïîòåíöèàëà êîíâåð-
òèðîâàííîãî ãàçà.

Èññëåäîâàëè âëèÿíèå ïðèðîäû ïîäëîæêè
êàòàëèçàòîðà íà âûõîä óãëåðîäíîãî ìàòåðèàëà.
Äëÿ ýòîãî èñïîëüçîâàëèñü ñòàëè ðàçíûõ ìàðîê
(â òîì ÷èñëå íåðæàâåþùàÿ ñòàëü Õ18Í10Ò), à
òàêæå êâàðö è ôàðôîð. Íàèáîëüøèé âûõîä óã-
ëåðîäíîãî ìàòåðèàëà äîñòèãíóò íà ñòàëè ìàðêè
Ñò.3 (ðèñ.3).

Óñòàíîâëåíî, ÷òî â ñëó÷àå èñïîëüçîâàíèÿ
ïëàñòèí èç ýëåêòðîòåõíè÷åñêîé (òðàíñôîðìà-
òîðíîé) ñòàëè âûäåëåíèå óãëåðîäíîãî ìàòåðèà-
ëà ïðîèñõîäèëî íåçíà÷èòåëüíî, à ïðè òåìïåðà-
òóðàõ ñâûøå 700 �Ñ ïðåêðàùàëîñü ïðàêòè÷åñêè
ïîëíîñòüþ. Ýëåêòðîòåõíè÷åñêèå ñòàëè õàðàêòå-
ðèçóþòñÿ ïîâûøåííûì ñîäåðæàíèåì êðåìíèÿ.
Âîçìîæíî, ÷òî åãî äèôôóçèÿ íà ïîâåðõíîñòü è
ïîñëåäóþùåå îêèñëåíèå ñïîñîáñòâóåò äåçàêòè-
âèðóþùåé ôàéàòèëèçàöèè ïîâåðõíîñòè, òî åñòü
ïðèâîäèò ê îáðàçîâàíèþ ñòåêëîâèäíîé íàíî-
ïëåíêè Fe2SiO3. Ïîäîáíîå ÿâëåíèå ïðîèñõîäèò
ïðè îòæèãå àíèçîòðîïíûõ ýëåêòðîòåõíè÷åñêèõ
ñòàëåé [3].

Äëÿ ñðàâíåíèÿ òàêæå èçó÷àëè âîçìîæíîñòü
ïîëó÷åíèÿ ÓÍÒ èç ãåíåðàòîðíîãî ãàçà. Âûïîë-
íåííûå ðàñ÷åòû è àíàëèç ñîñòàâîâ ãåíåðàòîðíî-
ãî ãàçà, êîòîðûé ïîëó÷àëè âîçäóøíîé ãàçèôè-

êàöèåé óãëåðîäà, ïîêàçàëè, ÷òî ïðè òåìïåðàòó-
ðå ãàçèôèêàöèè 900 �Ñ ãàç ðàâíîâåñíîãî ñîñòà-
âà ñîäåðæèò 34,1 % ÑÎ è 0,4 % ÑÎ2, à ïðè
òåìïåðàòóðå 1000 �Ñ — 34,5 % ÑÎ è 0,1 %
ÑÎ2. Òàêèì îáðàçîì, ñîäåðæàíèå îêñèäà äâóõ-
âàëåíòíîãî óãëåðîäà â ãåíåðàòîðíîì ãàçå ïî÷òè
â 2 ðàçà âûøå, ÷åì â êîíâåðòèðîâàííîì ïðè-
ðîäíîì ãàçå.

Ýòî îáñòîÿòåëüñòâî ïîñëóæèëî ïðè÷èíîé
ïðîâåäåíèÿ ïàðàëëåëüíûõ îïûòîâ ïî èññëåäîâà-
íèþ ïðîöåññà ïîëó÷åíèÿ ÓÍÒ èç ïðîäóêòîâ êîí-
âåðñèè ïðèðîäíîãî ãàçà è èç ãåíåðàòîðíîãî ãàçà.
Ýêñïåðèìåíòû ïîêàçàëè, ÷òî â êà÷åñòâå ñûðüÿ
äëÿ ãåíåðàòîðíîãî ïðîöåññà íåîáõîäèìî èñïîëü-
çîâàòü ìàòåðèàë, ñîäåðæàùèé óãëåðîä ñ ìèíè-
ìàëüíûì ñîäåðæàíèåì ïðèìåñåé. Îäíàêî äàæå â
ñëó÷àå èñïîëüçîâàíèÿ äëÿ ýòîé öåëè äðåâåñíîãî
èëè àêòèâèðîâàííîãî óãëÿ è ïðè î÷èñòêå ïîëó-
÷àåìîãî ãåíåðàòîðíîãî ãàçà îò ñåðû íà êàòàëèçà-
òîðå ÃÈÀÏ-10 âûäåëåíèå óãëåðîäíîãî ìàòåðèàëà
ïðîòåêàåò âÿëî, ÷òî, ïî-âèäèìîìó, ìîæíî îáúÿñ-
íèòü ïðèñóòñòâèåì â ãàçå ìèêðîïðèìåñåé, ÿâ-
ëÿþùèõñÿ ÿäîì äëÿ êàòàëèçàòîðà. Èçâåñòíî,
÷òî, êðîìå ñåðû, êàòàëèçàòîð äåçàêòèâèðóþò ñî-
åäèíåíèÿ ìûøüÿêà, ôîñôîðà, õëîðà è äðóãèå ãà-
ëîèäû, ïðè÷åì èõ îòðàâëÿþùåå äåéñòâèå â íå-
ñêîëüêî ðàç ñèëüíåå, ÷åì ñåðû [4].

Âûâîäû

Íà îñíîâàíèè ïðîâåäåííûõ èññëåäîâàíèé
áûëà ýêñïåðèìåíòàëüíî äîêàçàíà îñóùåñòâè-
ìîñòü ðàçðàáîòàííîé òåõíîëîãèè. Â îòëè÷èå îò
èçâåñòíûõ ïðîöåññîâ, ãäå êîíâåðñèÿ óãëåâîäî-
ðîäîâ ïðîèñõîäèò íåïîñðåäñòâåííî â çîíå ðåàê-
öèè, â äàííîé òåõíîëîãèè èñïîëüçóåòñÿ ïîäà÷à
óæå ãîòîâûõ ïðîäóêòîâ êîíâåðñèè óãëåâîäîðî-
äîâ (ïðèðîäíîãî ãàçà) â ðåàêòîð, ÷òî ïîçâîëÿåò
çà ñ÷åò ðåãóëèðîâàíèÿ ðàñõîäà ðåàêöèîííûõ ãà-
çîâ êîíòðîëèðîâàòü óãëåðîäîâûäåëåíèå íà êàòà-
ëèçàòîðå.
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Ðèñ. 2. Ïàêåò èç ìåòàëëè÷åñêèõ ïëàñòèí ñ íàíåñåííûì íà
íèõ æåëåçíûì êàòàëèçàòîðîì.

Ðèñ.3. Îáðàçöû óãëåðîäíûõ íàíîòðóáîê, ïîëó÷åííûõ íà
ñâåæåâîññòàíîâëåííîì æåëåçå (ïðè ðàçíîì óâåëè÷åíèè): à,
á — êîíâåðòèðîâàííûé ãàç; â, ã — ãåíåðàòîðíûé ãàç.
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Äîñë³äæåííÿ òåõíîëîã³¿ îäåðæàííÿ âóãëåöåâèõ
íàíîòðóáîê ó ãàçîâèõ ñóì³øàõ,
ùî ì³ñòÿòü ìîíîêñèä âóãëåöþ

Àíàë³ç ³ñíóþ÷èõ ñïîñîá³â îòðèìàííÿ âóãëåöåâèõ íàíîòðóáîê (ÂÍÒ) ñâ³ä÷èòü ïðî ïåðå-
âàãè ìåòîäó êàòàë³òè÷íîãî ñèíòåçó. Öåé ìåòîä â³äçíà÷àºòüñÿ â³äíîñíî íèçüêîþ åíåð-
ãîºìí³ñòþ ïðîöåñó, âèêîðèñòàííÿì äåøåâî¿ ñèðîâèíè, ùî ì³ñòèòü âóãëåöü, ìîæëèâ³ñòþ
ñòâîðåííÿ ïðîìèñëîâîãî âèñîêîïðîäóêòèâíîãî âèðîáíèöòâà, â³äíîñíîþ ïðîñòîòîþ îá-
ëàäíàííÿ, à òàêîæ â³äñóòí³ñòþ íåîáõ³äíîñò³ ðåòåëüíîãî î÷èùåííÿ ê³íöåâîãî ïðîäóêòó.
Ìåòîäè êàòàë³òè÷íîãî ñèíòåçó â³äð³çíÿþòüñÿ îäèí â³ä ³íøîãî âèäîì âóãëåöåâî¿ ñèðîâè-
íè, òèïîì êàòàë³çàòîðà, òåìïåðàòóðíèìè ðåæèìàìè òà ³í. Ðîçãÿíóòî íîâ³ ï³äõîäè, ÿê³
äàþòü ìîæëèâ³ñòü áåçïåðåðâíî îäåðæóâàòè ÂÍÒ. ßê áàçîâó òåõíîëîã³þ âèêîðèñòîâóâà-
ëè ïðîöåñ ïðè ïîì³ðíèõ òåìïåðàòóðàõ (ó ä³àïàçîí³ ê³íåòèêî-òåðìîäèíàì³÷íîãî ìàêñèìó-
ìó ïðîò³êàííÿ ðåàêö³¿ Áåëëà-Áóäóàðà) ³ç çàñòîñóâàííÿì ó ðîë³ ðåàêö³éíîãî ãàçó ïðî-
äóêò³â ïîâ³òðÿíî¿ êîíâåðñ³¿ ïðèðîäíîãî ãàçó ç³ ñòðîãî êîíòðîëüîâàíèìè âîäíåâèìè, âóã-
ëåöåâèìè òà êèñíåâèìè ïîòåíö³àëàìè. Äîñë³äæåíî ìîæëèâ³ñòü îäåðæàííÿ ÂÍÒ ç ãåíå-
ðàòîðíîãî ãàçó. Íàéá³ëüøèé âèõ³ä ê³íöåâîãî ïðîäóêòó áóëî äîñÿãíóòî íà çàë³çîðóäíîìó
êîíöåíòðàò³ ²íãóëåöüêîãî ÃÇÊ (ì. Êðèâèé Ð³ã), ÿêèé âèêîðèñòîâóâàëè ÿê êàòàë³çàòîð
óòâîðåííÿ ÂÍÒ. Á³áë. 4, ðèñ. 3.
Êëþ÷îâ³ ñëîâà: âóãëåöåâ³ íàíîòðóáêè, â³äíîâëåíå çàë³çî, ïðîäóêòè êîíâåðñ³¿ ïðèðîä-
íîãî ãàçó, ãåíåðàòîðíèé ãàç.
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Research of the Technology of Carbon Nanotubes
Production in Gas Mixtures Contained Carbon Monoxide

Analysis of existing methods of carbon nanotubes (CNTs) obtaining shows the advantages
of the method of catalytic synthesis. This method is differed by relatively low energy con-
sumption, use of cheap raw materials, an ability to create high-performance industrial pro-
duction, relative simplicity of equipment and also by the lack of thorough cleaning of the
resulting product. Catalytic synthesis methods differ one from another by use of raw car-
bon material type, catalyst type on which carbon is deposited and temperature regimes. As
the basic technology it was used process at moderate temperatures (in the range of a
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netic-thermodynamic maximum of passing of Bell-Boudoir reaction). Products of air con-
version of natural gas with strictly controllable hydrogen, carbon and oxygen potentials
were used in a role of reactionary gas. Also, a possibility of CNTs manufacturing from a
producer gas was explored. Maximum output of a final product has been achieved on an
iron-ore concentrate of the Inguletsky ore mining and processing enterprise (Krivoi Rog)
which used among many in the capacity of the catalyst of CNTs formation. Bibl. 4, Fig. 3.
Key words: carbon nanotubes, reduced iron ore, products of natural gas conversion, generator gas.
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