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ðàñ÷åò êîíöåíòðàöèè ìóðàâüèíîé êèñëîòû
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(57) Abstract: 
FIELD: analytical methods in leather industry.
SUBSTANCE: method comprises sampling,

preparation of installation, and detection with
registration of analytical signal followed by
calculation of formic acid concentration
according to calibration graph. More
specifically, sample is introduced into detection
cell provided with quartz piezoelectric resonator
whose electrodes were preliminarily modified with
acetone solution of sorbent dicyclobenzo-18-crown-
6 so that mass of film after removal of solvent
were 20-30 µg. Registration of analytical signal
is executed in the form of response of modified
electrodes of piezoelectric resonator 15 sec
after introduction of sample into detection cell.

Calculation of formic acid concentration is
performed in terms of following formula: ∆F =
1.75C m wherein ∆F is response of modified quartz
piezoelectric resonator, Hz, and Cm is concentration

of formic acid in air sample, mg/m3. Implementation
of proposed method brings about following
advantages: sample treatment stage is eliminated;
sample assay time is reduced from 7-9 h to 35-50
min (time required by modification of electrodes
and subsequent regeneration of detection cell
included); number of assays carried out without
replacement of sorbent is twice increased; and
determination error is lowered from 25 to 14%.

EFFECT: enhanced determination efficiency.
2 tbl, 3 ex
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Èçîáðåòåíèå îòíîñèòñ  ê àíàëèòè÷åñêîé õèìèè îðãàíè÷åñêèõ ñîåäèíåíèé è ìîæåò áûòü
ïðèìåíåíî äë  îïðåäåëåíè  ïàðîâ ìóðàâüèíîé êèñëîòû â âîçäóõå ðàáî÷åé çîíû
ïðåäïðè òèé êîæåâåííîé ïðîìûøëåííîñòè.

Íàèáîëåå áëèçêèì ïî òåõíè÷åñêîé ñóùíîñòè è äîñòèãàåìîìó ýôôåêòó  âë åòñ  ñïîñîá
îïðåäåëåíè  ïàðîâ ìóðàâüèíîé êèñëîòû â âîçäóõå ðàáî÷åé çîíû ìåòîäîì ãàçîæèäêîñòíîé
õðîìàòîãðàôèè [Ò.Ì.Äìèòðèåâ, Í.È.Êàçíèíà, È.À.Ïèíèãèíà. Ñàíèòàðíî-õèìè÷åñêèé àíàëèç
çàãð çí þùèõ âåùåñòâ â îêðóæàþùåé ñðåäå. - Ì.: Õèìè , 1989, 368 ñ.], âêëþ÷àþùèé îòáîð
ïðîáû, ïðîáîïîäãîòîâêó, ïîäãîòîâêó ãàçîõðîìàòîãðàôè÷åñêîé êîëîíêè ê àíàëèçó è
äåòåêòèðîâàíèå. Ïðåäåëüíî äîïóñòèìà  êîíöåíòðàöè  ìóðàâüèíîé êèñëîòû â âîçäóõå
ðàáî÷åé çîíû ÏÄÊÐÇ = 1 ìã/ì3. Â êà÷åñòâå íåïîäâèæíîé ôàçû (ÍÔ) èñïîëüçóþò
ïîëèýòèëåíãëèêîëü - 4000, ïðîäîëæèòåëüíîñòü àíàëèçà ñ ïîäãîòîâêîé õðîìàòîãðàôè÷åñêîé
êîëîíêè 7-9 ÷, ïîäãîòîâêà ïðîáû âîçäóõà çàíèìàåò 30 ìèí, ïîãðåøíîñòü èçìåðåíè  ±25%.

Íåäîñòàòêàìè ñïîñîáà  âë þòñ  äëèòåëüíîñòü ïðîáîïîäãîòîâêè, êðàòêîâðåìåííîñòü
"æèçíè" êîëîíîê ñ ÍÔ âñëåäñòâèå àêòèâíîé ñîðáöèè ïîë ðíûõ êèñëîò, ñëîæíîñòü
àïïàðàòóðíîãî îôîðìëåíè , íåîáõîäèìîñòü âûñîêîé êâàëèôèêàöèè îáñëóæèâàþùåãî
ïåðñîíàëà.

Òåõíè÷åñêîé çàäà÷åé èçîáðåòåíè   âë åòñ  îïðåäåëåíèå ïàðîâ ìóðàâüèíîé êèñëîòû â
âîçäóõå ðàáî÷åé çîíû íà óðîâíå ïðåäåëüíî äîïóñòèìîé êîíöåíòðàöèè, èñêëþ÷åíèå ñòàäèè
ïðîáîïîäãîòîâêè, èíòåíñèôèêàöè  ïðîöåññà îïðåäåëåíè  ïàðîâ ìóðàâüèíîé êèñëîòû,
óâåëè÷åíèå ÷èñëà àíàëèçîâ áåç çàìåíû ñîðáåíòà, ñíèæåíèå âðåìåíè, íåîáõîäèìîãî äë 
ðåãåíåðàöèè ñîðáåíòà, ñíèæåíèå ïîãðåøíîñòè îïðåäåëåíè .

Ïîñòàâëåííà  òåõíè÷åñêà  çàäà÷à äîñòèãàåòñ  òåì, ÷òî â ñïîñîáå îïðåäåëåíè  ïàðîâ
ìóðàâüèíîé êèñëîòû â âîçäóõå ðàáî÷åé çîíû, âêëþ÷àþùåì îòáîð ïðîáû, ïîäãîòîâêó
óñòàíîâêè ê ðàáîòå, äåòåêòèðîâàíèå ñ ðåãèñòðàöèåé àíàëèòè÷åñêîãî ñèãíàëà è ðàñ÷åò
êîíöåíòðàöèè ìóðàâüèíîé êèñëîòû ïî ãðàäóèðîâî÷íîìó ãðàôèêó, íîâûì  âë åòñ  òî, ÷òî
îòîáðàííóþ ïðîáó ââîä ò â  ÷åéêó äåòåêòèðîâàíè  ñ ïüåçîêâàðöåâûì ðåçîíàòîðîì,
ýëåêòðîäû êîòîðîãî ïðåäâàðèòåëüíî ìîäèôèöèðîâàíû àöåòîíîâûì ðàñòâîðîì ñîðáåíòà
äèöèêëîáåíçî-18-êðàóí-6, òàê, ÷òîáû ìàññà ïëåíêè ïîñëå óäàëåíè  ðàñòâîðèòåë 
ñîñòàâë ëà 20-30 ìêã, ðåãèñòðàöèþ àíàëèòè÷åñêîãî ñèãíàëà îñóùåñòâë þò â âèäå îòêëèêà
ìîäèôèöèðîâàííûõ ýëåêòðîäîâ ïüåçîêâàðöåâîãî ðåçîíàòîðà ÷åðåç 15 ñ ïîñëå ââåäåíè 
ïðîáû â  ÷åéêó äåòåêòèðîâàíè , à ðàñ÷åò êîíöåíòðàöèè ìóðàâüèíîé êèñëîòû ïðîèçâîä ò ïî
óðàâíåíèþ

∆F=1,75⋅Cì,
ãäå ∆F - îòêëèê ìîäèôèöèðîâàííîãî ïüåçîêâàðöåâîãî ðåçîíàòîðà, Ãö;

Ñì - êîíöåíòðàöè  ìóðàâüèíîé êèñëîòû â ïðîáå âîçäóõà, ìã/ì3.
Òåõíè÷åñêèé ðåçóëüòàò ïî ïðåäëàãàåìîìó ñïîñîáó äîñòèãàåòñ  çà ñ÷åò ïðèìåíåíè  â

êà÷åñòâå ìîäèôèêàòîðà ýëåêòðîäà ïüåçîêâàðöåâîãî ðåçîíàòîðà ïëåíêè äèöèêëîáåíçî-18-
êðàóí-6, íàíåñåííîé èç àöåòîíîâîãî ðàñòâîðà, ïðî âë þùåé ñîðáöèîííîå ñðîäñòâî ê
ìóðàâüèíîé êèñëîòå, ÷òî ïîçâîë åò îïðåäåë òü ìèêðîêîëè÷åñòâà ïàðîâ ìóðàâüèíîé
êèñëîòû â àíàëèçèðóåìîé ïðîáå âîçäóõà, íàíåñåíèå îïòèìàëüíîé ìàññû ïëåíêè ñîðáåíòà
(20-30 ìêã) íà ïüåçîðåçîíàòîð ñïîñîáñòâóåò äîñòèæåíèþ íàèáîëüøåé ÷óâñòâèòåëüíîñòè
ïüåçîñåíñîðà ê ïàðàì êèñëîòû è ñíèæåíèþ ïîãðåøíîñòè îïðåäåëåíè .

Ñïîñîá îïðåäåëåíè  ïàðîâ ìóðàâüèíîé êèñëîòû â âîçäóõå ðàáî÷åé çîíû
îñóùåñòâë åòñ  ïî ñëåäóþùåé ìåòîäèêå.

1) Ïðîáîîòáîð. Àíàëèçèðóåìûé âîçäóõ, ñîäåðæàùèé ìóðàâüèíóþ êèñëîòó, îòáèðàþò
øïðèöåì îáúåìîì 10 ñì3.

2) Ïîäãîòîâêà ñåíñîðà. Íà îáå ñòîðîíû àëþìèíèåâîãî ýëåêòðîäà (äèàìåòð 5 ìì,
ïëîùàäü 0,2 ñì2) ïüåçîêâàðöåâîãî ðåçîíàòîðà (ñðåç AT, ïëîòíîñòü êâàðöà 2600 êã/ì3) ñ
ñîáñòâåííîé ÷àñòîòîé 10 ÌÃö íàíîñ ò ìèêðîøïðèöåì ðàñòâîð ñîðáåíòà â àöåòîíå òàê,
÷òîáû ïîñëå èñïàðåíè  ðàñòâîðèòåë  â ñóøèëüíîì øêàôó â òå÷åíèå 20-30 ìèí ïðè 50°Ñ
ìàññà ïëåíêè ñîñòàâë ëà 20-30 ìêã.

3) Îïðåäåëåíèå ìóðàâüèíîé êèñëîòû. Ñåíñîð ïîìåùàþò â  ÷åéêó äåòåêòèðîâàíè  ñ
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èíæåêòîðíûì ââîäîì ïðîáû. Âûäåðæèâàþò åãî 3 ìèí äë  óñòàíîâëåíè  ñòàáèëüíîãî
íóëåâîãî ñèãíàëà F°. Çàòåì â  ÷åéêó äåòåêòèðîâàíè  øïðèöåì ââîä ò 10 ñì3 âîçäóõà,
ñîäåðæàùåãî ïàðû ìóðàâüèíîé êèñëîòû íà óðîâíå ÏÄÊðç. Ôèêñèðóþò ÷àñòîòó êîëåáàíèé
ïüåçîêâàðöåâîãî ðåçîíàòîðà F ÷åðåç 15 ñ ïîñëå ââîäà ïðîáû. Ïî ðàçíîñòè F° - F
ðàññ÷èòûâàþò îòêëèê ñåíñîðà ∆F è ñòðî ò ãðàäóèðîâî÷íûé ãðàôèê çàâèñèìîñòè ∆F îò
êîíöåíòðàöèè ìóðàâüèíîé êèñëîòû â âîçäóõå â îáëàñòè ìàëûõ êîíöåíòðàöèé, ïî óðàâíåíèþ
êîòîðîãî íàõîä ò ñîäåðæàíèå ìóðàâüèíîé êèñëîòû â àíàëèçèðóåìîé ïðîáå âîçäóõà

∆F=1,75⋅Ñì,
ãäå ∆F - îòêëèê ìîäèôèöèðîâàííîãî ïüåçîêâàðöåâîãî ðåçîíàòîðà, Ãö;

Ñì - êîíöåíòðàöè  ìóðàâüèíîé êèñëîòû â ïðîáå âîçäóõà, ìã/ì3.
Ïðîäîëæèòåëüíîñòü àíàëèçà ñ ïðîáîîòáîðîì ïî ïîëíîé ñõåìå ñ ïðåäâàðèòåëüíîé

ìîäèôèêàöèåé ýëåêòðîäîâ è ïîñëåäóþùåé ðåãåíåðàöèåé  ÷åéêè äåòåêòèðîâàíè  τàí=35-50
ìèí.

×èñëî àíàëèçîâ áåç îáíîâëåíè  ïîêðûòèé ïüåçîðåçîíàòîðîâ 300.
Âðåì , íåîáõîäèìîå äë  âîññòàíîâëåíè  ñîðáåíòà, τ=10-15 ìèí.
Ïîãðåøíîñòü îïðåäåëåíè  ïàðîâ ìóðàâüèíîé êèñëîòû â âîçäóõå ∆=±14%.
Ïðèìåðû îñóùåñòâëåíè  ñïîñîáà
Ïðèìåð 1
Íà îáå ñòîðîíû ýëåêòðîäà ïüåçîðåçîíàòîðà ìèêðîøïðèöåì íàíîñ ò ðàñòâîð

äèöèêëîáåíçî-18-êðàóí-6 â àöåòîíå òàê, ÷òîáû ìàññà ïëåíêè ïîñëå óäàëåíè  ðàñòâîðèòåë 
â ñóøèëüíîì øêàôó â òå÷åíèå 25 ìèí ïðè 50°Ñ ñîñòàâë ëà 20 ìêã. Ïîñëå ñóøêè ñåíñîð
ïîìåùàþò â  ÷åéêó äåòåêòèðîâàíè  ñ èíæåêòîðíûì ââîäîì ïðîáû, âûäåðæèâàþò â òå÷åíèå
3 ìèí äë  óñòàíîâëåíè  íóëåâîãî ñèãíàëà, ââîä ò øïðèöåì àíàëèçèðóåìóþ ïðîáó âîçäóõà
îáúåìîì 10 ñì3 è ôèêñèðóþò îòêëèê ðåçîíàòîðà ÷åðåç 15 ñ ïîñëå ââîäà ïðîáû. Ïî
îòêëèêó ñåíñîðà ∆F=F°-F è óðàâíåíèþ ãðàäóèðîâî÷íîãî ãðàôèêà ∆F=1,75⋅Ñì ðàññ÷èòûâàþò
ñîäåðæàíèå ìóðàâüèíîé êèñëîòû â ïðîáå âîçäóõà. Ñïîñîá îñóùåñòâèì.

Ïðîäîëæèòåëüíîñòü àíàëèçà ñ ïðîáîîòáîðîì ïî ïîëíîé ñõåìå ñ ïðåäâàðèòåëüíîé
ìîäèôèêàöèåé ýëåêòðîäîâ è ðåãåíåðàöèåé  ÷åéêè äåòåêòèðîâàíè  τàí=35-50 ìèí.

×èñëî àíàëèçîâ áåç îáíîâëåíè  ïîêðûòèé ïüåçîðåçîíàòîðîâ - 300.
Âðåì , íåîáõîäèìîå äë  âîññòàíîâëåíè  ñîðáåíòà, τ=10-15 ìèí.
Ïîãðåøíîñòü îïðåäåëåíè  ïàðîâ ìóðàâüèíîé êèñëîòû â âîçäóõå ∆=±14%.
Ðåçóëüòàòû àíàëèçà ïðåäñòàâëåíû â òàáë. 1.
Ïðèìåð 2
Íà îáå ñòîðîíû ýëåêòðîäà ðåçîíàòîðà ìèêðîøïðèöåì íàíîñ ò ðàñòâîð äèöèêëîáåíçî-18-

êðàóí-6 â àöåòîíå òàê, ÷òîáû ìàññà ïëåíêè ïîñëå óäàëåíè  ðàñòâîðèòåë  â ñóøèëüíîì
øêàôó (25 ìèí, 50°Ñ) ñîñòàâë ëà 30 ìêã. Äàëåå àíàëèçèðóþò, êàê óêàçàíî â ïðèìåðå 1.
Ñïîñîá îñóùåñòâèì. Ðåçóëüòàòû ïðèâåäåíû â òàáë. 1.

Ïðèìåð 3
Íà îáå ñòîðîíû ýëåêòðîäà ðåçîíàòîðà ìèêðîøïðèöåì íàíîñ ò äðóãîé ìîäèôèêàòîð -

ðàñòâîð ïîëèâèíèëïèððîëèäîíà â àöåòîíå òàê, ÷òîáû ìàññà ïëåíêè ïîñëå óäàëåíè 
ðàñòâîðèòåë  â ñóøèëüíîì øêàôó (25 ìèí, 50°Ñ) ñîñòàâë ëà 20 ìêã. Äàëåå àíàëèçèðóþò,
êàê óêàçàíî â ïðèìåðå 1. Ñïîñîá íåîñóùåñòâèì, òàê êàê îòêëèê ñåíñîðà íàõîäèòñ  íà
óðîâíå øóìîâ. Ðåçóëüòàòû ïðèâåäåíû â òàáë. 1.

Íåêîòîðûå õàðàêòåðèñòèêè çà âë åìîãî ñïîñîáà è ïðîòîòèïà ñîïîñòàâëåíû â òàáë. 2.
Èç ïðèìåðîâ 1-3 è òàáë. 1 è 2 ñëåäóåò, ÷òî ïîëîæèòåëüíûé ýôôåêò ïî ïðåäëàãàåìîìó

ñïîñîáó äîñòèãàåòñ  ïðè ìàññå ñîðáåíòà (äèöèêëîáåíçî-18-êðàóí-6) 20-30 ìêã (ïðèìåð
1). Ïðè óìåíüøåíèè èëè óâåëè÷åíèè ìàññû ñîðáåíòà ñíèæàåòñ  ÷óâñòâèòåëüíîñòü
ïüåçîñåíñîðà ïî îòíîøåíèþ ê ïàðàì ìóðàâüèíîé êèñëîòû, âîçðàñòàåò ïîãðåøíîñòü
îïðåäåëåíè . Ïðèìåíåíèå äðóãèõ ìîäèôèêàòîðîâ (ïðèìåð 3) íå ïîçâîë åò îïðåäåë òü
ïàðû ìóðàâüèíîé êèñëîòû â âîçäóõå ðàáî÷åé çîíû.

Òàêèì îáðàçîì, ïðåäëàãàåìûé ñïîñîá îïðåäåëåíè  ïàðîâ ìóðàâüèíîé êèñëîòû â
âîçäóõå ðàáî÷åé çîíû ïî ñðàâíåíèþ ñ ïðîòîòèïîì ïîçâîë åò:
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1) èñêëþ÷èòü ñòàäèþ ïðîáîïîäãîòîâêè;
2) ñîêðàòèòü âðåì  àíàëèçà ñ 7-9 ÷ äî 35-50 ìèí (ñ ó÷åòîì âðåìåíè, çàòðà÷åííîãî íà

ìîäèôèêàöèþ ýëåêòðîäîâ è ïîñëåäóþùóþ ðåãåíåðàöèþ  ÷åéêè äåòåêòèðîâàíè );
3) âäâîå óâåëè÷èòü ÷èñëî àíàëèçîâ áåç çàìåíû ñîðáåíòà;
4) ñîêðàòèòü âðåì , íåîáõîäèìîå äë  âîññòàíîâëåíè  ñîðáåíòà äî 10-15 ìèí;
5) ñíèçèòü ïîãðåøíîñòü îïðåäåëåíè  ñ 25 äî 14%.

Òàáëèöà 1
Ïðèìåðû îñóùåñòâëåíè  ñïîñîáà îïðåäåëåíè  ïàðîâ ìóðàâüèíîé êèñëîòû â âîçäóõå ðàáî÷åé çîíû

Íîìåð
ïðèìåðà

Ìîäèôèêàòîð Ìàññà
ìîäèôèêàòîðà m,
ìêã

Àíàëèòè÷åñêèé
ñèãíàë, Ãö

Âðåì 
îïðîñà
τñ, Ñ

Âðåì 
ðåãåíåðàöèè τä, ñ

Ïîãðåøíîñòü
îïðåäåëåíè ,
%

Ðåàëèçàöè 
ñïîñîáà

1 äèöèëî-áåíçî-18-
êðàóí-6

20 45 15 120-180 10,2 îñóùåñòâèì

2 äèöèëî-áåíçî-18-
êðàóí-6

30 75 15 120-180 12,8 îñóùåñòâèì

3 Ïîëèâèíèëïèððîëèäîí 20 - - - - íåîñóùåñòâèì

-) àíàëèòè÷åñêèé ñèãíàë îòñóòñòâóåò

Òàáëèöà 2
Ñðàâíåíèå ïðîòîòèïà è ïðåäëàãàåìîãî ñïîñîáà

Êðèòåðèé Ïðîòîòèï Ïðåäëàãàåìûé ñïîñîá

Ïðîáîïîäãîòîâêà íåîáõîäèìà èñêëþ÷åíà

Ïðîäîëæèòåëüíîñòü àíàëèçà 7-9 ÷ 30-45 ìèí

×èñëî àíàëèçîâ áåç èçìåíåíè  ñîðáåíòîâ 150 300

Âðåì , íåîáõîäèìîå äë  âîññòàíîâëåíè  ñîðáåíòà 24 ÷ 10-15 ìèí

Ïîãðåøíîñòü îïðåäåëåíè  ±25% ±13%

Ôîðìóëà èçîáðåòåíè 
Ñïîñîá îïðåäåëåíè  ïàðîâ ìóðàâüèíîé êèñëîòû â âîçäóõå ðàáî÷åé çîíû, âêëþ÷àþùèé

îòáîð ïðîáû, ïîäãîòîâêó óñòàíîâêè ê ðàáîòå, äåòåêòèðîâàíèå ñ ðåãèñòðàöèåé
àíàëèòè÷åñêîãî ñèãíàëà è ðàñ÷åò êîíöåíòðàöèè ìóðàâüèíîé êèñëîòû ïî ãðàäóèðîâî÷íîìó
ãðàôèêó, îòëè÷àþùèéñ  òåì, ÷òî îòîáðàííóþ ïðîáó ââîä ò â  ÷åéêó äåòåêòèðîâàíè  ñ
ïüåçîêâàðöåâûì ðåçîíàòîðîì, ýëåêòðîäû êîòîðîãî ïðåäâàðèòåëüíî ìîäèôèöèðîâàíû
àöåòîíîâûì ðàñòâîðîì ñîðáåíòà äèöèêëîáåíçî-18-êðàóí-6 òàê, ÷òîáû ìàññà ïëåíêè ïîñëå
óäàëåíè  ðàñòâîðèòåë  ñîñòàâë ëà 20-30 ìêã, ðåãèñòðàöèþ àíàëèòè÷åñêîãî ñèãíàëà
îñóùåñòâë þò â âèäå îòêëèêà ìîäèôèöèðîâàííûõ ýëåêòðîäîâ ïüåçîêâàðöåâîãî ðåçîíàòîðà
÷åðåç 15 ñ ïîñëå ââåäåíè  ïðîáû â  ÷åéêó äåòåêòèðîâàíè , à ðàñ÷åò êîíöåíòðàöèè
ìóðàâüèíîé êèñëîòû ïðîèçâîä ò ïî óðàâíåíèþ

∆F=1,75⋅Ñì,
ãäå ∆F - îòêëèê ìîäèôèöèðîâàííîãî ïüåçîêâàðöåâîãî ðåçîíàòîðà, Ãö;

Ñì - êîíöåíòðàöè  ìóðàâüèíîé êèñëîòû â ïðîáå âîçäóõà, ìã/ì3.
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