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Â äàí³é ðîáîò³ ô³çèêî-õ³ì³÷íèìè ìåòîäàìè äîñë³äæåíî áóäîâó ïîâåðõíåâî-àêòèâ-

íèõ ðå÷îâèí, ñèíòåçîâàíèõ ç ïîá³÷íèõ ïðîäóêò³â âèðîáíèöòâà ðîñëèííèõ îë³é, à

ñàìå ñèðîâèíè, ùî íå êîíêóðóº ç õàð÷îâîþ ïðîäóêö³ºþ: ôîñôàòèäíèõ êîíöåí-

òðàò³â íèçüêî¿ âàðòîñò³, ÿê³ ìîæëèâî âèêîðèñòîâóâàòè äëÿ õ³ì³÷íî¿ òðàíñôîðìàö³¿.

Ñïåêòðàëüíèìè ìåòîäàìè âñòàíîâëåíî, ùî ó ìîíîåòàíîëàì³ä³â æèðíèõ êèñëîò

ôîñôàòèäíîãî êîíöåíòðàòó â³äñóòí³ çàëèøêîâ³ ê³ëüêîñò³ âèõ³äíèõ ôîñôàòèä³â ÷è

àöèëãë³öåðîë³â, à òàêîæ ÷³òêî â³äîáðàæåí³ êðîñ-ï³êè ì³æ àì³äíîþ ãðóïîþ òà ïðè-

ëåãëîþ ìåòèëåíîâîþ ãðóïîþ, ùî ñâ³ä÷èòü ïðî âèñîêó êîíâåðñ³þ ñóáñòðàòó ³ äîäàò-

êîâî ï³äòâåðäæóº ïðîõîäæåííÿ ðåàêö³¿ àì³äóâàííÿ. Îñíîâíèì àöèëüíèì çàëèøêîì

ñèíòåçîâàíèõ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí º âóãëåâîäíåâèé ëàíöþã ë³íîëåâî¿

êèñëîòè, ïðîòå âèÿâëåííÿ ìåòèëåíîâèõ ãðóï á³ëÿ ïîäâ³éíèõ çâ’ÿçê³â ñâ³ä÷èòü ïðî

íàÿâí³ñòü ³íøèõ æèðíèõ êèñëîò (îëå¿íîâî¿, ë³íîëåíîâî¿ ³ ãàäîëå¿íîâî¿), ùî, âëàñíå,

â³äïîâ³äàº æèðíîêèñëîòíîìó ñêëàäó âèõ³äíîãî ôîñôàòèäíîãî êîíöåíòðàòó. Ñèíòå-

çîâàí³ ïîâåðõíåâî-àêòèâí³ ðå÷îâèíè º åôåêòèâíèìè åìóëüãàòîðàìè-ñòàá³ë³çàòîðà-

ìè äèñïåðñíèõ ñèñòåì. Çàñòîñóâàííÿ åêîëîã³÷íî áåçïå÷íèõ êîìïîíåíò³â ó ñêëàä³

ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí ïîêðàùóº ¿õ á³îðîçùåïëþâàí³ñòü äî 83–86%.
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áóäîâà ðå÷îâèí, äèñïåðñí³ ñèñòåìè.
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Ïîâåðõíåâî-àêòèâí³ ðå÷îâèíè (ÏÀÐ) íà
á³îëîã³÷í³é îñíîâ³ º îá’ºêòîì ï³äâèùåíî¿ óâàãè
äîñë³äíèê³â, îñê³ëüêè âîíè õàðàêòåðèçóþòüñÿ íå
ëèøå ïîêðàùåíîþ á³îðîçùåïëþâàëüí³ñòþ ³ áåç-
ïå÷í³ñòþ äëÿ íàâêîëèøíüîãî ñåðåäîâèùà, à é
ñïåöèô³÷íèìè âëàñòèâîñòÿìè, çóìîâëåíèìè
ð³çíèìè ñïîñîáàìè óïàêóâàííÿ ìîëåêóë â ïðî-
öåñ³ ñàìîîðãàí³çàö³¿, à â³äòàê âèñîêîþ ñîëþá³-
ë³çóþ÷îþ òà ñòðóêòóðóþ÷îþ çäàòí³ñòþ. Çàâäÿêè
öèì îñîáëèâîñòÿì ÏÀÐ º åôåêòèâíèìè åìóëü-
ãàòîðàìè-ñòàá³ë³çàòîðàìè ³íâåðòíèõ åìóëüñ³é, ÿê³
âèêîðèñòîâóþòüñÿ ÿê êîìïîíåíòè áóðîâèõ ðîç-
÷èí³â, ³íòåíñèô³êàö³¿ âèäîáóòêó âóãëåâîäíåâî¿
ñèðîâèíè, àíòèîêèñëþâàëüíèìè ³ òðèáîëîã³÷íè-
ìè äîäàòêàìè äî ìàñòèëüíèõ ìàòåð³àë³â òîùî. Ó
çâ’ÿçêó ç öèì, âñòàíîâëåííÿ çàëåæíîñò³ âëàñòè-
âîñòåé ÏÀÐ â³ä ¿õ õ³ì³÷íî¿ áóäîâè ³ ñòðóêòóðè, º

çàïîðóêîþ ïîäàëüøîãî ñïðÿìîâàíîãî ñèíòåçó
ðå÷îâèí ç ïðàêòè÷íèì âèêîðèñòàííÿì.

Ðîáîòè [1–4] ïðîäåìîíñòðóâàëè, ùî íà
äàí³é ÷àñ ðîçðîáëåíî áàãàòî ïîâåðõíåâî-àêòèâ-
íèõ ðå÷îâèí íà îñíîâ³ ðîñëèííèõ îë³é. Âîíè
ð³çíÿòüñÿ çà âëàñòèâîñòÿìè, õ³ì³÷íèì ñêëàäîì,
ôóíêö³îíàëüíèìè ìîæëèâîñòÿìè òà ðèíêîâîþ
âàðò³ñòþ. Íàïðèêëàä, ñåðåä â³ò÷èçíÿíèõ â³äîìèõ
á³îÏÀÐ: îêñ³åòèëüîâàí³ æèðí³ ñïèðòè (ñèíòàíî-
ëè, ïðåïàðàòè ÎÑ), îêñ³åòèëüîâàí³ æèðí³ êèñ-
ëîòè (ñòåàðîêñ, æèðèíîêñ, ð³ïîêñ, ð³öèíîêñ),
ïîë³åòèëåíãë³êîëåâ³ åñòåðè æèðíèõ êèñëîò òà áà-
ãàòîàòîìíèõ ñïèðò³â (Òâ³í-80), êàò³îííèé æèð
(àëê³ëîëàì³äè êèñëîò ð³ïàêîâî¿ îë³¿), òîùî.

Ïðîáëåìà ïîëÿãàº â òîìó, ùî äàí³ ïîâåð-
õíåâî-àêòèâí³ ðå÷îâèíè â îñíîâíîìó âèðîáëÿ-
þòüñÿ ç õàð÷îâèõ îë³é. Òîìó îñíîâíà óâàãà ïðè-
ä³ëÿºòüñÿ âàëîðèçàö³¿ íåêîíêóðåíòîñïðîìîæíèõ



4

L.Yu. Bodachivska

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2022, No. 6, pp. 3-11

ïîá³÷íèõ ïîòîê³â âèðîáíèöòâà òà ñïîæèâàííÿ
îë³é ³ æèð³â, ÿê³ ñóì³ñí³ ç åêîëîã³÷íèìè âèìîãà-
ìè äî òåõí³÷íèõ ñèñòåì ³ ìàòåð³àë³â ïîºäíàí-
íÿì îëåîõ³ì³÷íîãî ñèíòåçó áàãàòîôóíêö³îíàëü-
íèõ õåëàòîóòâîðþþ÷èõ ÏÀÐ.

Àâòîðàìè ðîá³ò [5–7] âèçíà÷åíî ïîòåíö³é-
íó ñèðîâèíó äëÿ ñèíòåçó ÏÀÐ, ùî íå êîíêóðóº
ç õàð÷îâîþ ïðîäóêö³ºþ ³ ìîæå áóòè àëüòåðíàòè-
âîþ çàñòîñîâóâàíèì îë³ÿì. Öå ôîñôàòèäí³ êîí-
öåíòðàòè, ïîá³÷í³ ïðîäóêòè âèðîáíèöòâà ðîñëèí-
íèõ îë³é íèçüêî¿ âàðòîñò³, ÿê³ ìîæíà âèêîðè-
ñòîâóâàòè äëÿ õ³ì³÷íî¿ òðàíñôîðìàö³¿.

Òàêîæ äåòàë³çîâàíî îïèñàíî ìåòîäè ñèí-
òåçó, âëàñòèâîñò³ òà ñôåðè çàñòîñóâàííÿ ÏÀÐ.
Ïîêàçàíî, ùî ïîâåðõíåâî-àêòèâí³ ðå÷îâèíè
ìîæíà îäåðæàòè òðàíñàì³äóâàííÿì ôîñôàòèä-
íîãî êîíöåíòðàòó (á³îÏÀÐ) àì³íàìè ð³çíî¿ îñ-
íîâíîñò³ [7–10]. Âñòàíîâëåíî, ùî îäåðæàí³ àë-
ê³ëîëàì³äè æèðíèõ êèñëîò ìàþòü âèñîêó ïîâåð-
õíåâó àêòèâí³ñòü íà ìåæ³ ïîä³ëó ôàç ³ ñòâîðþ-
þòü ù³ëüí³ ïîâåðõíåâ³ ìîíî-, à ³íîä³ ³ ïîë³øàðè
ì³öíîãî âîäíåâîãî çâ’ÿçêó N–HO=C ì³æ àì³-
äíèìè ãðóïàìè. Òàêà ñàìîîðãàí³çàö³ÿ ì³æ ôàçî-
âèìè ïîâåðõíÿìè çàáåçïå÷óº ð³çíîìàí³òí³
ôóíêö³¿, íàïðèêëàä: êîëî¿äíó ñòàá³ëüí³ñòü
åìóëüñ³é, âèñîê³ çìàùóâàëüí³, àíòèêîðîç³éí³,
àíòèîêèñëþâàëüí³, áàêòåðèöèäí³, ã³äðîôîá³çóþ÷³
òà àäãåç³éí³ âëàñòèâîñò³. Â öèõ ïðàöÿõ äîñë³äæå-
íî íàÿâí³ñòü â³äïîâ³äíèõ ôóíêö³îíàëüíèõ ãðóï
ìåòîäàìè ²×-ñïåêòðîñêîï³¿ òà åëåìåíòíèì àíà-
ë³çîì, àëå áåç ïîâíîãî äîâåäåííÿ áóäîâè àëê³-
ëîëàì³ä³â æèðíèõ êèñëîò íà îñíîâ³ ôîñôàòèä-
íîãî êîíöåíòðàòó.

Ìåòîþ ö³º¿ ðîáîòè º äîâåäåííÿ áóäîâè òà
âëàñòèâîñòåé ñèíòåçîâàíèõ á³îÏÀÐ ç ïîá³÷íèõ
ïðîäóêò³â â³ò÷èçíÿíî¿ îë³éíî¿ ñèðîâèíè ç õàðàê-
òåðèñòèêàìè, ùî â³äïîâ³äàþòü ï³äâèùåíèì åêî-
ëîã³÷íèì âèìîãàì ³ ñòâîðåííÿ ç ¿õ âèêîðèñòàí-
íÿì íîâèõ êîìïîçèö³éíèõ ìàòåð³àë³â äëÿ
ðîçâ’ÿçàííÿ ïðàêòè÷íèõ çàâäàíü ñüîãîäåííÿ.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ìàòåð³àëè
Â ðîáîò³ âèêîðèñòàíî ôîñôàòèäíèé êîí-

öåíòðàò (ÔÊ) â³ä î÷èùåííÿ ñîíÿøíèêîâî¿ îë³¿
âèðîáíèöòâà Çàïîð³çüêîãî ìàñëîæèðîâîãî êîì-
á³íàòó, çà ÑÎÓ 15.4-37-212-2004 «Êîíöåíòðàòè
ôîñôàòèäí³. Òåõí³÷í³ óìîâè». Öå â’ÿçêèé ïðî-
äóêò òåìíî-êîðè÷íåâîãî êîëüîðó ³ç ñóì³ø³ ôîñ-
ôàòèä³â (51,7%), îë³¿ (46,8%), åñòåðîíåðîç÷èí-
íèõ ðå÷îâèí (1,2%) òà çàëèøêîâî¿ âîëîãîñò³
(0,3%), ÿêèé äîáðå ðîç÷èíÿºòüñÿ ó âóãëåâîäíÿõ
³ óòâîðþº åìóëüñ³¿ ç âîäîþ òà âîäíî-îë³éíèìè
ñóì³øàìè. Ìîíîåòàíîëàì³í (ÌÅÀ) òà êàëüö³é
îêñèä áóëè ïðèäáàí³ â Õ³ìëàáîððåêàòèâ (Óêðà¿íà).

Àíàë³òè÷í³ ìåòîäè
Áóäîâó ñèíòåçîâàíèõ ðå÷îâèí âñòàíîâëþ-

âàëè çà äîïîìîãîþ ²×- òà ßÌÐ-ñïåêòðîìåòð³¿.
Îäíîâèì³ðí³ (1Í, 13Ñ) òà äâîâèì³ðí³ (COSY,
HSQC, HMBC) ßÌÐ ñïåêòðè çàïèñóâàëè íà
ïðèëàä³ Bruker AVANCE DRX-500, âèêîðèñòî-
âóþ÷è äåéòåðîõëîðîôîðì (CDCl3), ÿê ðîç÷èí-
íèê (1H: =7,26 ì³ëüéîííèõ ÷àñòîê (ì.÷.); 13C:
=77,0 ì.÷.). Äåéòåðîõëîðîôîðì îáðàíî ÿê ðîç-
÷èííèê äëÿ àíàë³ç³â, îñê³ëüêè â íüîìó ïîãàíî
ðîç÷èíÿþòüñÿ ãë³öåðîëôîñôàòèäè ³ ãë³öåðèí
(ïðîäóêòè ïåðåòâîðåííÿ ôîñôàòèäíîãî êîíöåí-
òðàòó), ùî âèêëþ÷èòü ìîæëèâó ³íòåðôåðåíö³þ
öèõ ðå÷îâèí ³ç ö³ëüîâèìè ïðîäóêòàìè.

Ðåºñòðàö³þ ²×-ñïåêòð³â âèêîíóâàëè íà ïî-
âåðõí³ àëìàçíî¿ ïðèçìè ²×-ñïåêòðîìåòðà ç
Ôóð’º-ïåðåòâîðåííÿì Shimadzu IRAffinity-1Sn
(ßïîí³ÿ) ç ATR-ïðèñòàâêîþ Speacac GS 10801-B.

Âëàñòèâîñò³ ñèíòåçîâàíèõ ÏÀÐ òà ìàòåð³-
àë³â íà ¿õ îñíîâ³ âèâ÷àëè ñòàíäàðòèçîâàíèìè
ìåòîäàìè: òåðìîñòàá³ëüí³ñòü, äîáîâà ñò³éê³ñòü äî
ðîçøàðóâàííÿ, â’ÿçê³ñòü, ãóñòèíà – çà ÐÄ
39-2-645-81, çîâí³øí³é âèãëÿä – çà ÃÎÑÒ
6243-75. Êîëî¿äíî-õ³ì³÷í³ äîñë³äæåííÿ çä³éñíþ-
âàëè çàãàëüíîâ³äîìèìè ìåòîäàìè, çîêðåìà ïî-
âåðõíåâèé íàòÿã ðîç÷èí³â ÏÀÐ íà ìåæ³ ïîä³ëó ç
ïîâ³òðÿì, ìåòîäîì â³äðèâó ïëàñòèíè (ìåòîä
Â³ëüãåëüì³). Îáðîáêó ðåçóëüòàò³â åêñïåðèìåí-
òàëüíèõ âèì³ðþâàíü âèêîíóâàëè ìåòîäàìè ìà-
òåìàòè÷íî¿ ñòàòèñòèêè ó ïðîãðàì³ MS Excel.

Á³îðîçùåïëþâàí³ñòü, åêîëîã³÷íèé ïîêàç-
íèê, îö³íþâàëè çà ÄÑÒÓ 4247:2003 (CECL
33-A-93). Ñóòü ìåòîäó ïîëÿãàº ó ñï³âñòàâëåíí³
²×-ñïåêòð³â åìóëüñ³éíèõ ñèñòåì, âèòðèìàíèõ ó
ì³íåðàë³çîâàíîìó âîäíîìó ðîç÷èí³ ç ³íîêóëÿí-
òîì óïðîäîâæ 21 äîáè â àåðîáíèõ óìîâàõ, òà ïî-
ð³âíÿíí³ ñòóïåíÿ á³îðîçùåïëþâàíîñò³ â³äíîñíî
êîíòðîëüíîãî ìàòåð³àëó RL 130.

Äëÿ äîñë³äæåííÿ åìóëüãóâàëüíî¿ é ñòàá³ë³-
çóþ÷î¿ ä³¿ ñèíòåçîâàíèõ ÏÀÐ ðîçðîáëåíî ³íâåðòí³
åìóëüñ³éí³ ñèñòåìè. Ðîçðîáëåí³ åìóëüñ³¿ îäåð-
æóâàëè øëÿõîì ³íòåíñèâíîãî ìåõàí³÷íîãî ïåðå-
ì³øóâàííÿ. Äëÿ öüîãî ÏÀÐ âíîñèëè â äèñïåðñ-
³éíå ñåðåäîâèùå (åòèëîâèé åñòåð âèùèõ æèð-
íèõ êèñëîò îë³é), ó ðàç³ ïîòðåáè ï³ä³ãð³âàëè òà
çáîâòóâàëè äî óòâîðåííÿ ïðîçîðîãî ðîç÷èíó. Íà
íàñòóïíîìó åòàï³ â ñèñòåìó ïîñòóïîâî äîäàâàëè
ì³íåðàë³çîâàíó âîäó (äèñïåðñíà ôàçà) é ïåðå-
ì³øóâàëè ñóì³ø ç³ øâèäê³ñòþ 3000–5000 îá./õâ
óïðîäîâæ 1–2 õâ.

Ñèíòåòè÷í³ ìåòîäè
Òðàíñàì³äóâàííÿ ÔÊ äëÿ ñèíòåçó ÏÀÐ âè-

êîíóâàëè ìîíîåòàíîëàì³íîì (MEA) ï³ä ä³ºþ
êàëüö³þ ã³äðîêñèäó ÿê êàòàë³çàòîðà, çà ìîëüíîãî



5

Biodegradable surfactants from side streams of the vegetable oils production in technical systems

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2022, No. 6, pp. 3-11

ñï³ââ³äíîøåííÿ ÔÊ:ÌÅÀ:Ñà(ÎÍ)2=0,1:0,3:0,04
(ðèñ. 1). Ñèíòåç ³ âèä³ëåííÿ ïðîäóêòó âèêîíóâà-
ëè àíàëîã³÷íî ìåòîäó, îïèñàíîìó â ðîáîò³ [7].
Ñõåìà ðåàêö³¿ íàâåäåíà íà ðèñ. 1.

Ðîçøèôðîâêà ßÌÐ ñïåêòð³â âèä³ëåíîãî
ïðîäóêòó íàñòóïíà: 1H ßÌÐ (CDCl3, 500 ÌÃö):
=0,87 (ìóëüòèïëåò, 3H, CH2CH3), 1,33 (ìóëü-
òèïëåò, 16Í, –ÑÍ2ÑÍ2ÑÍ2– òà –ÑÍ2ÑÍ3), 1,61
(ìóëüòèïëåò, 2H, –ÑÍ2CH2Ñ=O), 2,02 (ìóëüòè-
ïëåò, 3H, =ÑÍCH2–), 2,20 (òðèïëåò, 2H, –
ÑÍ2CH2Ñ=O), 2,76 (òðèïëåò, 2H, =CHCH2CH=),
3,26 (øèðîêà ñìóãà, 1Í, Î–Í), 3,41 (êâàðòåò,
2H, CH2–N), 3,71 (òðèïëåò, 2H, CH2–O), 5,34
(ìóëüòèïëåò, 3H, HC=CH), 6,02 (øèðîêà ñìóãà,
1H, N–H); 13C ßÌÐ (CDCl3, 125 ÌÃö): =14,1;
22,7; 25,8; 27,3; 29,2; 29,7; 31,6; 32,0; 36,7; 42,5;
62,4; 128,1; 130,1; 174,6.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Â äàí³é ðîáîò³ âèêîíàíèé áåçïðåöåäåíòíèé
ñòðóêòóðíèé àíàë³ç ïîõ³äíèõ àëê³ëîëàì³ä³â ç ôîñ-
ôîë³ï³ä³â ìåòîäàìè îäíîâèì³ðíî¿ (1Í, 13Ñ) òà
äâîâèì³ðíî¿ (COSY, HSQC, HMBC) ßÌÐ ñïåê-
òðîñêîï³¿. Ïîâíà ðîçøèôðîâêà ñïåêòð³â íàâå-
äåíà íà ðèñ. 3–7 ³ç íóìåðàö³ºþ ï³ê³â ïðîäóêò³â
â³äïîâ³äíî äî ðèñ. 2.

Ïåðøî÷åðãîâî âñòàíîâëåíî, ùî ó ßÌÐ
ñïåêòðàõ ìîíîåòàíîëàì³ä³â æèðíèõ êèñëîò ôîñ-
ôàòèäíîãî êîíöåíòðàòó â³äñóòí³ çàëèøêîâ³
ê³ëüêîñò³ âèõ³äíèõ ôîñôàòèä³â, ÷è àöèëãë³öåðîë³â
(ÔÊ ì³ñòèòü ïåâíó ê³ëüê³ñòü òðèàöèëãë³öåðîë³â),
ùî ñâ³ä÷èòü ïðî âèñîêó êîíâåðñ³þ ñóáñòðàòó
(ðèñ. 3–7). Ç ³íøîãî áîêó, íà 1Í òà 13Ñ ßÌÐ
ñïåêòðàõ ç’ÿâëÿºòüñÿ õàðàêòåðíèé ï³ê äëÿ àì³ä-
íîãî çâ’ÿçêó (1Í ßÌÐ: 6,02 ì.÷., N–H; 13Ñ ßÌÐ:
17,6 ì.÷., Ñ(Î)NH), ùî âêàçóº íà ö³ëüîâå ïåðå-
òâîðåííÿ (ðèñ. 3, 4). Â 1Í ßÌÐ ñïåêòðàõ òàêîæ
çàëèøàºòüñÿ â³ëüíà ã³äðîêñèëüíà ãðóïà çà 3,26 ì.÷.

(Î–Í) (ðèñ. 3), ùî ï³äòâåðäæóº ñàìå óòâîðåííÿ
àëê³ëîëàì³ä³â çà ï³ä³áðàíèõ óìîâ êàòàë³òè÷íî¿
ðåàêö³¿, à íå åñòåðîàì³í³â æèðíèõ êèñëîò, ÿê
³íêîëè çóñòð³÷àºòüñÿ â ë³òåðàòóðíèõ äæåðåëàõ
[11,12]. Â ßÌÐ ñïåêòðàõ COSYòà HMBC
(ðèñ. 5, 7), ÷³òêî â³äîáðàæåí³ êðîñ-ï³êè ì³æ àì³ä-
íîþ ãðóïîþ òà ïðèëåãëîþ ìåòèëåíîâîþ ãðóïîþ,
ùî äîäàòêîâî ï³äòâåðäæóº ïåðåá³ã àì³äóâàííÿ, à
íå åòåðèô³êàö³¿ ìîíîåòàíîëàì³íó (â ñïåêòð³
â³äì³÷åí³ ëèøå ò³ êðîñ-ï³êè, ùî âàæëèâ³ äëÿ áåç-
ïðåöåäåíòíîãî äîâåäåííÿ áóäîâè).

Ç ðåçóëüòàò³â ³íòåãðóâàííÿ 1Í ßÌÐ ñïåê-
òðó âèÿâëåíî, ùî îñíîâíèì àöèëüíèì çàëèøêîì
ñèíòåçîâàíîãî ïðîäóêòó º âóãëåâîäíåâèé ëàíöþã
ë³íîëåâî¿ êèñëîòè, ÿê âèäíî ³ç ïðèñóòíîñò³ ï³êà
2,76 (òðèïëåò, 2H, =CHCH2CH=) (ðèñ. 3). Ïðî-
òå â³äõèëåííÿ ³íòåãðóâàííÿ ï³ê³â â³ä òåîðåòè-
÷íîþ äëÿ ë³íîëåâî¿ êèñëîòè, à ñàìå ïîäâ³éíèõ
çâ’ÿçê³â çà 5,34 ì.÷. (ìóëüòèïëåò, 3H, HC=CH),
ìåòèëåíîâèõ ãðóï â -ïîëîæåíí³ á³ëÿ ïîäâ³éíèõ
çâ’ÿçê³â çà 2,02 ì.÷. (ìóëüòèïëåò,3H, =ÑÍCH2–),
òà ³íøèõ ìåòèëåíîâèõ ãðóï çà 1,33 ì.÷. (ìóëüòè-
ïëåò, 16Í, –ÑÍ2ÑÍ2ÑÍ2– òà –ÑÍ2ÑÍ3) ñâ³ä÷èòü
ïðî íàÿâí³ñòü ³íøèõ æèðíèõ êèñëîò ó ïðîäóêò³.
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Ðèñ. 1. Ñõåìà ïåðåòâîðåííÿ ôîñôîë³ï³ä³â â á³îÏÀÐ: 1 – ôîñôàòèäè; 2 – ìîíîåòàíîëàì³í; 3 – ìîíîåòàíîëàì³äè æèðíèõ

êèñëîò ôîñôàòèäíîãî êîíöåíòðàòó; 4 – ãë³öåðîëôîñôàòèäè êàëüö³þ; R – çàëèøêè æèðíèõ êèñëîò;
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Ðèñ. 4. 13Ñ ßÌÐ ñïåêòð ñèíòåçîâàíèõ ìîíîåòàíîëàì³ä³â æèðíèõ êèñëîò ôîñôàòèäíîãî êîíöåíòðàòó

Ðèñ. 3. 1Í ßÌÐ ñïåêòð ñèíòåçîâàíèõ ìîíîåòàíîëàì³ä³â æèðíèõ êèñëîò ôîñôàòèäíîãî êîíöåíòðàòó
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Ðèñ. 6. HSQC ßÌÐ ñïåêòð ñèíòåçîâàíèõ ìîíîåòàíîëàì³ä³â æèðíèõ êèñëîò ôîñôàòèäíîãî êîíöåíòðàòó

Ðèñ. 5. COSY ßÌÐ ñïåêòð ñèíòåçîâàíèõ ìîíîåòàíîëàì³ä³â æèðíèõ êèñëîò ôîñôàòèäíîãî êîíöåíòðàòó
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Ö³êàâî òàêîæ, ùî ó COSY ßÌÐ ñïåêòð³ ïðèñóò-
íÿ Í–Í ñï³í-ñï³íîâà âçàºìîä³ÿ ì³æ =ÑÍCH2–
òà =CHCH2CH= ãðóïàìè, ùî ìîæå ñâ³ä÷èòè ïðî
öèñ-òðàíñ ³çîìåðèçàö³þ ïîäâ³éíèõ çâ’ÿçê³â â õîä³
ëóæíî-êàòàë³òè÷íîãî ïðîöåñó (ðèñ. 5); íàòèâíèì
ë³ï³äàì âëàñòèâ³ çäåá³ëüøîãî öèñ-ïîäâ³éí³ çâ’ÿç-
êè.

Ðåçóëüòàòè ²×-ñïåêòðîñêîï³¿ ï³äòâåðäæóþòü
äàí³ ßÌÐ àíàë³çó. Â ²×-ñïåêòðàõ ìîíîåòàíî-
ëàì³ä³â æèðíèõ êèñëîò, â ïîð³âíÿíí³ ç âèõ³äíèì
ïðîäóêòîì (ÔÊ), ç’ÿâëÿþòüñÿ íîâ³ õàðàêòåðí³
ñìóãè ï³ñëÿ ðåàêö³é òðàíñàì³äóâàííÿ ôîñôàòèä-
íîãî êîíöåíòðàòó àì³íàìè çà 3300 ñì–1 (âàëåíòí³
êîëèâàííÿ N–H), 1640 ñì–1 (âàëåíòí³ êîëèâàí-
íÿ Ñ=Î ãðóï àì³ä³â) òà ïðè 1560 ñì–1 (äåôîð-
ìàö³éí³ êîëèâàííÿ N–H ãðóï àì³ä³â). Âîäíî÷àñ
õàðàêòåðí³ êîëèâàííÿ åñòåðíèõ ãðóï ÔÊ çà
1740 ñì–1 (âàëåíòí³ êîëèâàííÿ Ñ=Î ãðóï åñòåð³â)
çíèêàþòü ï³ñëÿ ñèíòåçó, ùî äîäàòêîâî âêàçóº íà
êîðèñòü óòâîðåííÿ ÏÀÐ. Òàêîæ áóëè â³äçíà÷åí³
çì³íè ïðè 3600–3000 ñì–1 (âàëåíòí³ êîëèâàííÿ
Î–Í) òà çà 1050 ñì–1 (âàëåíòí³ êîëèâàííÿ Ð–Î
ãðóïè ÐÎÎÍ), ÿê³, éìîâ³ðíî, ïîâ’ÿçàí³ ³ç âçà-
ºìîä³ºþ ôîñôàòèä³â òà ã³äðîêñèäó êàëüö³þ. ²çî-
ìåðèçàö³ÿ ïîäâ³éíèõ çâ’ÿçê³â ç öèñ-ôîðìè, ÿêà

Ðèñ. 7. HMBC ßÌÐ ñïåêòð ñèíòåçîâàíèõ ìîíîåòàíîëàì³ä³â æèðíèõ êèñëîò ôîñôàòèäíîãî êîíöåíòðàòó

âëàñòèâà ïðèðîäíèì ë³ï³äàì, ó ÷àñòêîâî òðàíñ-
ôîðìó ïîäâ³éíèõ çâ’ÿçê³â (ïîçà ïëîùèíí³ äå-
ôîðìàö³éí³ êîëèâàííÿ =CH) çàñâ³ä÷óº ïîÿâà
ñìóãè çà 967 ñì–1. Âðàõîâóþ÷è ñóêóïí³ äàí³,
ï³äòâåðäæóºòüñÿ õ³ä ðåàêö³¿, çîáðàæåíèé íà ðèñ. 1.

Âàæëèâîþ â³äì³ííîþ ðèñîþ ÏÀÐ º
çäàòí³ñòü óòâîðþâàòè òåðìîäèíàì³÷íî ñò³éê³ ãå-
òåðîãåíí³ äèñïåðñí³ ñèñòåìè. Îñíîâíèìè õàðàê-
òåðíèìè âëàñòèâîñòÿìè ÏÀÐ º âèñîêà ïîâåð-
õíåâà àêòèâí³ñòü òà çäàòí³ñòü äî ñàìî÷èííîãî
ì³öåëîóòâîðåííÿ, òîáòî óòâîðåííÿ ë³îô³ëüíèõ
àáî ë³îôîáíèõ êîëî¿äíèõ ðîç÷èí³â çà êîíöåíò-
ðàö³é ÏÀÐ, âèùèõ çà êðèòè÷íó êîíöåíòðàö³þ
ì³öåëîóòâîðåííÿ (ÊÊÌ).

Çàâäÿêè ñâî¿é áóäîâ³ ìîëåêóëè á³îÏÀÐ
àìô³ô³ëüí³, îñê³ëüêè íàÿâí³ñòü ã³äðîô³ëüíî¿ ïî-
ëÿðíî¿ ôóíêö³îíàëüíî¿ ãðóïè (àëê³ëîëàì³äíî¿ ³
îêñ³åòèëüíî¿) ñïðèÿº ¿õ äèñïåðãóâàííþ ó âîä³,
òîä³ ÿê ã³äðîôîáí³ íåïîëÿðí³ àë³ôàòè÷í³ ëàíöþãè
âèùèõ êàðáîíîâèõ êèñëîò íàäàþòü ¿ì ñïîð³äíå-
íîñò³ äî îðãàí³÷íèõ ðîç÷èííèê³â. Òàêîæ, ã³äðî-
ô³ëüíîþ ïîëÿðíîþ ñêëàäîâîþ ìîëåêóëè á³îÏÀÐ
º ãë³öåðîëôîñôàòèäè êàëüö³þ, ùî âèêîíóþòü
ôóíêö³þ ñï³âÏÀÐ. Ïîáëèçó êîíöåíòðàö³¿
5,7510–4 ìîëü/ë (êðèòè÷íà êîíöåíòðàö³ÿ ì³öåëî-
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óòâîðåííÿ) äîñÿãàºòüñÿ ì³í³ìàëüíèé ïîâåðõíå-
âèé íàòÿã ðîç÷èí³â á³îÏÀÐ – 35–36 ìÍ/ì çà
òåìïåðàòóðè 250Ñ, òîä³ ÿê äëÿ ÔÊ – 42–43 ìÍ/ì
çà êîíöåíòðàö³¿ 6,6410–4 ìîëü/ë. Çà äàíèõ óìîâ
çàâåðøóºòüñÿ ôîðìóâàííÿ àäñîðáö³éíîãî øàðó
(çíà÷åííÿ ãðàíè÷íî¿ àäñîðáö³¿ á³îÏÀÐ ñòàíîâèòü
2,8610–8 êìîëü/ì2) ³ ïî÷èíàºòüñÿ ³íòåíñèâíå
óòâîðåííÿ ìîëåêóëàìè á³îÏÀÐ ì³öåëÿðíèõ
ñòðóêòóð ó îá’ºì³ ðîç÷èíó.

Ïëîùà, ÿêó çàéìàº îäíà ìîëåêóëà ìîíî-
åòàíîëàì³ä³â æèðíèõ êèñëîò ôîñôàòèäíîãî êîí-
öåíòðàòó â àäñîðáö³éíîìó ìîíîøàð³, ñòàíîâèòü
5,8110–20 ì2, ùî ó ïîð³âíÿíí³ ç ³íøèìè êëàñè÷-
íèìè ïîâåðõíåâî-àêòèâíèìè ðå÷îâèíàìè º ìåí-
øîþ, ùî ñïðè÷èíåíî ¿õ óïîðÿäêóâàííÿì ñòðóê-
òóðè, óù³ëüíåííÿì òà êîìïàêòèçàö³ºþ. Òàê, ïëî-
ùà ìîëåêóëè äëÿ åñòåð³â íàñè÷åíèõ êèñëîò ñêëà-
äàº 2210–20 ì2, äîäåöèëñóëüôàòó íàòð³þ –
3310–20 ì2, àì³íîàì³ä³â æèðíèõ êèñëîò îë³é –
20,510–20 ì2, ñïèðò³â – 21,610–20 ì2, îêñèåòèëüî-
âàíîãî äè³çîíîí³ëôåíîëó – 7810–20 ì2, îêòèëî-
âîãî åñòåðó åòèëåíãë³êîëþ – 3210–20 ì2 [3].

Âèñîêà àäñîðáö³éíà çäàòí³ñòü àëê³ëîëàì³ä³â
íà ì³æôàçîâ³é ïîâåðõí³ çàáåçïå÷óº åôåêòèâíå
äèñïåðãóâàííÿ òà ïîäàëüøó ñòàá³ë³çàö³þ êðàïåëü
äèñïåðñíî¿ ôàçè, ùî ÷³òêî â³äîáðàæàºòüñÿ ó ñòâî-
ðåíèõ ³íâåðòíèõ åìóëüñ³éíèõ êîìïîçèö³ÿõ ç âè-
ñîêîþ ñîëþá³ë³çàö³éíîþ ºìí³ñòþ [9]. Åêðàíó-
âàííÿ êðàïåëü âîäíî¿ ôàçè äîñÿãàºòüñÿ âæå çà
êîíöåíòðàö³¿ 0,25–0,5 (îá.%), ÿêà º âèùîþ çà
ÊÊÌ, ïðîòå óù³ëüíåííÿ çàõèñíîãî øàðó íàâêî-
ëî êðàïåëü âîäè ³ ñòàá³ë³çàö³ÿ åìóëüñ³éíî¿ ñèñ-
òåìè íàñòàº çà âì³ñòó á³îÏÀÐ ïîíàä 1,0 îá.%.
Çá³ëüøåííÿ êîíöåíòðàö³¿ á³îÏÀÐ 3–5 îá.% íå-
äîö³ëüíå, îñê³ëüêè âëàñòèâîñò³ åìóëüñ³é íå ïî-
êðàùóþòüñÿ. Çà ñòàëîãî ñï³ââ³äíîøåííÿ ôàç
âîäà/îë³ÿ=60/40 (%), âëàñòèâîñò³ åìóëüñ³éíèõ
ñèñòåì çì³íþþòüñÿ: â’ÿçê³ñòü – â³ä 0,15 äî
0,21 Ïàñ, ãóñòèíà, êã/ì3 – 932–934, åëåêòðî-
ñòàá³ëüí³ñòü – 125–320 Â, ñò³éê³ñòü äî ðîçä³ëåí-
íÿ ôàç ó ÷àñ³ â³ä 4 ä³á äî 12 ì³ñÿö³â.

Çàâäÿêè çàñòîñóâàííþ ñèðîâèíè ðîñëèííî-
ãî ïîõîäæåííÿ ó ñêëàä³ á³îÏÀÐ åêîëîã³÷íèé
ïîêàçíèê, á³îðîçùåïëþâàí³ñòü, ñòàíîâèòü 83–
86%. Êð³ì òîãî, ðîçðîáëåí³ äèñïåðñí³ ñèñòåìè ç
âèêîðèñòàííÿì ìîíîåòàíîëàì³ä³â æèðíèõ êèñ-
ëîò ôîñôàòèäíîãî êîíöåíòðàòó ïîêðàùóþòü ¿õ
á³îðîçùåïëþâàí³ñòü äî 55–64%.

Òàêèì ÷èíîì, âñòàíîâëåíî, ùî ñèíòåçîâàí³
ïðîäóêòè ìàþòü ñêëàäíó ñóì³ø àëê³ëîëàì³ä³â ³ç
ãë³öåðîëôàòèäàìè êàëüö³þ, ìîíî- ³ ä³àöèëãë³-
öåðîëàìè êèñëîò. Ïåðø³ ç ÿêèõ ìàþòü ï³äâèùå-
íó ïîâåðõíåâó àêòèâí³ñòü ³, â³äïîâ³äíî, äèñïåð-
ãóâàëüíó çäàòí³ñòü, à äðóã³ – çàáåçïå÷óþòü

ñòàá³ëüí³ñòü îëåîäèñïåðñíèõ ñèñòåì ÿê óíàñë³-
äîê îá’ºìíîãî ñòðóêòóðîóòâîðåííÿ, òàê ³ ÷åðåç
ôîðìóâàííÿ çì³øàíîãî àäñîðáö³éíî-ñîëüâàòíîãî
øàðó. Ñèíòåçîâàí³ á³îÏÀÐ º åôåêòèâíèìè
åìóëüãàòîðàìè-ñòàá³ë³çàòîðàìè ³íâåðòíèõ äèñ-
ïåðñ³é ³ ìîæóòü áóòè âèêîðèñòàí³ äëÿ çá³ëüøåí-
íÿ âèëó÷åííÿ âóãëåâîäíåâî¿ ñèðîâèíè òà ïðî-
öåñ³â áóð³ííÿ ñâåðäëîâèí.

Âèñíîâêè

1. Âñòàíîâëåíî, ùî ñèìáàòíå çìåíøåííÿ
ïîâåðõíåâîãî íàòÿãó íà ìåæ³ ïîä³ëó ç ïîâ³òðÿì
âêàçóº íà óòâîðåííÿ ïîâåðõíåâî-àêòèâíèõ àëê³-
ëîëàì³ä³â, ùî äîâåäåíî ñïåêòðàëüíèìè ³ êîëî-
¿äíî-õ³ì³÷íèìè ìåòîäàìè.

2. Ìåòîäàìè ²×- òà ßÌÐ-ñïåêòðîñêîï³¿
äîñë³äæåíî áóäîâó ñèíòåçîâàíèõ á³îÏÀÐ. Âñòà-
íîâëåíî, ùî ó ßÌÐ ñïåêòðàõ ìîíîåòàíîëàì³ä³â
æèðíèõ êèñëîò ôîñôàòèäíîãî êîíöåíòðàòó
â³äñóòí³ çàëèøêîâ³ ê³ëüêîñò³ âèõ³äíèõ ôîñôàòèä³â
÷è àöèëãë³öåðîë³â, ÷³òêî â³äîáðàæåí³ êðîñ-ï³êè
ì³æ àì³äíîþ ãðóïîþ òà ïðèëåãëîþ ìåòèëåíî-
âîþ ãðóïîþ, ùî ñâ³ä÷èòü ïðî âèñîêó êîíâåðñ³þ
ñóáñòðàòó ³ äîäàòêîâî ï³äòâåðäæóº ðåàêö³þ àì³-
äóâàííÿ. Òàêîæ, ðåçóëüòàòè ²×-ñïåêòðîñêîï³¿
ï³äòâåðäæóþòü óòâîðåííÿ àëê³ëîëàì³ä³â çà
ï³ä³áðàíèõ óìîâ êàòàë³òè÷íî¿ ðåàêö³¿.

3. ²ç ðåçóëüòàò³â àíàë³çó ßÌÐ ñïåêòð³â âè-
ÿâëåíî, ùî îñíîâíèì àöèëüíèì çàëèøêîì ñèí-
òåçîâàíîãî ïðîäóêòó º âóãëåâîäíåâèé ëàíöþã
ë³íîëåâî¿ êèñëîòè, ïðîòå âèÿâëåííÿ ìåòèëåíî-
âèõ ãðóï á³ëÿ ïîäâ³éíèõ çâ’ÿçê³â ñâ³ä÷èòü ïðî
íàÿâí³ñòü ³íøèõ æèðíèõ êèñëîò (îëå¿íîâî¿, ë³íî-
ëåíîâî¿ ³ ãàäîëå¿íîâî¿), ùî, âëàñíå, â³äïîâ³äàº
æèðíîêèñëîòíîìó ñêëàäó âèõ³äíîãî ôîñôàòèä-
íîãî êîíöåíòðàòó.

4. Âñòàíîâëåíî, ùî âóãëåâîäíåâ³ ðîç÷èíè
á³îÏÀÐ õàðàêòåðèçóþòüñÿ åìóëüãóâàëüíèìè òà
ñòàá³ë³çóþ÷èìè âëàñòèâîñòÿìè ³ ìîæóòü âèêî-
ðèñòîâóâàòèñÿ äëÿ ïðèãîòóâàííÿ òåõíîëîã³÷íèõ
³íâåðòíèõ ñèñòåì. Çàñòîñóâàííÿ åêîáåçïå÷íèõ
êîìïîíåíò³â ó ñêëàä³ ïîâåðõíåâî-àêòèâíèõ ðå-
÷îâèí ïîêðàùóþòü ¿õ á³îðîçùåïëþâàí³ñòü äî 83–
86%.
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BIODEGRADABLE SURFACTANTS FROM SIDE
STREAMS OF THE VEGETABLE OILS PRODUCTION IN
TECHNICAL SYSTEMS

L.Yu. Bodachivska

V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemis-
try of the National Academy of Sciences of Ukraine, Kyiv,
Ukraine

å-mail: bodach@ukr.net

This work reports the structure of surfactants synthesized
from by-products of the vegetable oil production. These are raw
materials that do not compete with food products; they are low-
cost phosphatidic sludge that can be used directly for chemical
transformation. Fatty acid monoetanolamides derived from side
streams of the vegetable oils production do not have residues of
the original phosphatides or acylglycerols as determined by spectral
methods. There are clearly reflected cross-peaks between the amide
group and the adjacent methylene group. This indicates a high
conversion of substrate and further confirms the amidation
reaction. The main acyl residue of the synthesized surfactants are
hydrocarbon chain of linoleic acid however, while the detection
of methylene groups near double bonds indicates the presence of
other fatty acids (oleic, linolenic and gadolein), this corresponds
to the fatty acid composition of the original phosphatidic sludge.
Synthesized surfactants are effective emulsifiers-stabilizers for
dispersed systems. The use of environmentally friendly components
in the composition of surfactants improves their biodegradability
to 83–86%.

Keywords: synthesis; phosphatidic sludge; surfactants;
structure of substances; dispersed systems.
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