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(57) Ðåôåðàò:
Èçîáðåòåíèå îòíîñèòñ  ê ïðîèçâîäñòâó

ñîðáåíòîâ äë  óëàâëèâàíè  ëåòó÷èõ ôîðì
ðàäèîàêòèâíîãî èîäà è ïðåäíàçíà÷åíî äë 
ïðåäîòâðàùåíè  âûáðîñà ýòîãî ðàäèîíóêëèäà â
îêðóæàþùóþ ñðåäó ïðè ýêñïëóàòàöèîííûõ ðåæèìàõ
ðàáîòû àòîìíûõ ýëåêòðîñòàíöèé (ÀÝÑ), à òàêæå ïðè
àâàðè õ íà ÀÝÑ. Ïîìèìî ýòîãî ñîðáåíò ìîæåò áûòü
èñïîëüçîâàí äë  î÷èñòêè ïàðîâîçäóøíûõ ïîòîêîâ
îò ëåòó÷èõ ñîåäèíåíèé ðàäèîàêòèâíîãî èîäà â
òåõíîëîãè÷åñêèõ ñõåìàõ ïî ïåðåðàáîòêå
îòðàáîòàâøåãî  äåðíîãî òîïëèâà.
Ãðàíóëèðîâàííûé íåîðãàíè÷åñêèé ñîðáåíò
ïðèãîòîâëåí íà îñíîâå êðóïíîïîðèñòîãî
ñèëèêàãåë , êîòîðûé èìïðåãíèðîâàí ñåðåáðîì
ïóòåì îáðàáîòêè åãî âîäíûì ðàñòâîðîì
àçîòíîêèñëîé ñîëè ñåðåáðà. Îáùåå ñîäåðæàíèå

ñåðåáðà â ñîðáåíòå ñîñòàâë åò 3-7 ìàñ.%. 30-70%
ñåðåáðà âîññòàíîâëåíî äî ìåòàëëà
àçîòñîäåðæàùèìè îñíîâàíè ìè. Â êà÷åñòâå
àçîòñîäåðæàùåãî îñíîâàíè  ìîãóò áûòü
èñïîëüçîâàíû: ãèäðàçèí ãèäðàò èëè åãî ñîëè,
ãèäðîêñèëàìèí èëè åãî ñîëè, à òàêæå àììèàê.
Ïðåèìóùåñòâàìè ðàçðàáîòàííîãî ñîðáåíòà
 âë þòñ : âûñîêà  ýôôåêòèâíîñòü ñîðáöèè
ëåòó÷èõ ñîåäèíåíèé ôîðìû ðàäèîàêòèâíîãî èîäà,
âêëþ÷à  éîäèñòûé ìåòèë, èç ïàðîâîçäóøíûõ
ïîòîêîâ, ò.å. íàäåæíîñòü ëîêàëèçàöèè;
òåðìîñòîéêîñòü äî òåìïåðàòóðû 300°Ñ; ñîõðàíåíèå
ñîðáöèîííîé ñïîñîáíîñòè ïîñëå êîíòàêòà ñ âîäíîé
ôàçîé; èñïîëüçîâàíèå ïðîìûøëåííî âûïóñêàåìîãî
è øèðîêî ïðèìåí åìîãî äë  ñîçäàíè  ðàçëè÷íûõ
ñîðáåíòîâ è êàòàëèçàòîðîâ êðóïíîäèñïåðñíîãî
ñèëèêàãåë  ìàðêè ÊÑÊÃ. 2 òàáë.
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(54) SILICA GEL-BASED SORBING AGENT FOR RADIOIODINE RECOVERY

(57) Abstract: 
FIELD: physics; nuclear physics.
SUBSTANCE: invention relates to production of

sorbing agents for volatile radioiodine recovery
and is designed to prevent the radionuclide
release into environment during normal operation
of nuclear power plants, as well as in case of
nuclear accidents. Also, sorbing agent may be
used to remove volatile radioiodine componds from
steam-air streams in spent nuclear fuel
reprocessing. Granulated inorganic absorbent is
prepared from macroporous silica gel silver-
impregnated by treating it with silver nitrate
aqueous solution. Total silver content in
absobent is 3-7 wt %. 30-70% of silver is reduced
to metal by nitrogen-containing bases. The
following reagents may be used as nitrogen-
containing bases: hydrazine hydrate, hydroxyl

amine or salts thereof, ammonia. Advantages of
the absorbent are as follows: highly efficient
sorption of volatile radioiodine compounds,
including methyl iodide, from steam-air streams,
i.e. reliable containment; heat resistance up to 300°C;
sorption properties retained after contact with
water; utilisation of commercially available
coarse silica gel "ÊÑÊÃ", which is widely used
for various sorbing agents and catalysts production.

EFFECT: highly efficient sorption of volatile
radioiodine compounds, including methyl iodide,
from steam-air streams, ie reliable containment;
heat resistance up to 300°C; sorption properties
retained after contact with water; utilisation of
commercially available coarse silica gel "ÊÑÊÃ",
which is widely used for various sorbing agents
and catalysts production.
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Èçîáðåòåíèå îòíîñèòñ  ê ïðîèçâîäñòâó ñîðáåíòîâ äë  óëàâëèâàíè  ëåòó÷èõ ôîðì
ðàäèîàêòèâíîãî èîäà è ìîæåò áûòü èñïîëüçîâàíî äë  ïðåäîòâðàùåíè  âûáðîñà ýòîãî
ðàäèîíóêëèäà â îêðóæàþùóþ ñðåäó ïðè ýêñïëóàòàöèîííûõ ðåæèìàõ ðàáîòû àòîìíûõ
ýëåêòðîñòàíöèé (ÀÝÑ), à òàêæå ïðè àâàðè õ íà ÀÝÑ. Ïîìèìî ýòîãî äàííûé ñîðáåíò ìîæåò
áûòü èñïîëüçîâàí äë  î÷èñòêè ïàðîâîçäóøíûõ ïîòîêîâ îò ëåòó÷èõ ñîåäèíåíèé
ðàäèîàêòèâíîãî èîäà â òåõíîëîãè÷åñêèõ ñõåìàõ ïî ïåðåðàáîòêå îòðàáîòàâøåãî  äåðíîãî
òîïëèâà.

Èçâåñòåí ñîðáåíò íà îñíîâå öåîëèòîâ [Ïàòåíò ÐÔ ¹2104085, 10.02.98, áþë. ¹4],
ìîäèôèöèðîâàííûõ èîíàìè ñåðåáðà èëè ìåäè äë  ïîãëîùåíè  ðàäèîàêòèâíîãî èîäà è/èëè
ðàäèîàêòèâíîãî öåçè  èç ïàðîâîçäóøíîé ñðåäû. Íåäîñòàòêîì ýòîãî ñîðáåíòà  âë åòñ  òî,
÷òî îí ïðåäñòàâë åò ñîáîé ìåëêîäèñïåðñíûé ïîðîøîê ñ ðàçìåðàìè ÷àñòèö 2 ìêì,
âñëåäñòâèå ÷åãî ôèëüòð íà åãî îñíîâå îáëàäàåò áîëüøèì ãèäðàâëè÷åñêèì
ñîïðîòèâëåíèåì. Ïðè ïðîõîæäåíèè ïàðîâîçäóøíîé ñìåñè ñ áîëüøèì ñîäåðæàíèåì ïàðà
(áîëåå 50 îá.%) ÷åðåç ñëîé ñîðáåíòà íà îñíîâå öåîëèòà âîçìîæíî ñëèïàíèå ÷àñòèö ìåæäó
ñîáîé è îáðàçîâàíèå êàíàëîâ â ñëîå ñîðáåíòà, ÷òî íàðóøàåò åãî îäíîðîäíîñòü è ñíèæàåò
ýôôåêòèâíîñòü óëàâëèâàíè  ëåòó÷èõ ôîðì ðàäèîàêòèâíîãî èîäà. Êðîìå òîãî, äë 
ïðèãîòîâëåíè  òàêîãî ñîðáåíòà, èìåþùåãî âûñîêóþ ýôôåêòèâíîñòü ñîðáöèè îðãàíè÷åñêîé
ôîðìû ðàäèîàêòèâíîãî èîäà - éîäèñòîãî ìåòèëà, òðåáóåòñ  çíà÷èòåëüíîå êîëè÷åñòâî
ñåðåáðà (îò 30 äî 60 ìàñ.%), ÷òî ñèëüíî óâåëè÷èâàåò ñòîèìîñòü ñîðáåíòà.

Íàèáîëåå áëèçêèì ïî òåõíè÷åñêîé ñóùíîñòè ê çà âë åìîìó ðåøåíèþ  âë åòñ 
ãðàíóëèðîâàííûé íåîðãàíè÷åñêèé ñîðáåíò ìàðêè ÀÑ6120 [Ò.Sakurai and A.Takahashi. J. of
Nuclear Science and Technology, Vol.31, ¹1, pp.86-87 (January 1994)]. Ñîðáåíò ÀÑ6120
ïðåäñòàâë åò ñîáîé ìåëêîïîðèñòûé ñèëèêàãåëü, èìïðåãíèðîâàííûé àçîòíîêèñëûì
ñåðåáðîì. Ñîäåðæàíèå ñåðåáðà â äàííîì ñîðáåíòå ñîñòàâë åò 12 ìàñ.%. Íåäîñòàòêîì
ñîðáåíòà ÀÑ6120  âë åòñ  òîò ôàêò, ÷òî ñåðåáðî â íåì íàõîäèòñ  â ôîðìå àçîòíîêèñëîé
ñîëè, õîðîøî ðàñòâîðèìîé â âîäå. Ïîýòîìó ïðè ïðîõîæäåíèè ÷åðåç ñëîé òàêîãî ñîðáåíòà
ïàðîâîçäóøíîé ñìåñè, â êîòîðîé ïðèñóòñòâóåò êàïåëüíà  âëàãà, îñîáåííî â óñëîâè õ
àâàðèè, àçîòíîêèñëîå ñåðåáðî ìîæåò áûòü ñìûòî âîäîé è ñîðáåíò ïîòåð åò ñâîþ
ýôôåêòèâíîñòü. Ïîýòîìó ñîðáåíò äîëæåí áûòü âñåãäà íàãðåò äî òåìïåðàòóðû âûøå
130°Ñ. Êðîìå òîãî, èñïîëüçîâàíèå ìåëêîïîðèñòîãî ñèëèêàãåë  â êà÷åñòâå îñíîâû ñîçäàåò
çàòðóäíåíè  ïðè äîñòóïå ëåòó÷èõ ñîåäèíåíèé ðàäèîàêòèâíîãî èîäà ê àêòèâíûì öåíòðàì
ñîðáåíòà, îñîáåííî â óñëîâè õ ïðîõîæäåíè  ïàðîâîçäóøíûõ ïîòîêîâ ñ áîëüøèì
ñîäåðæàíèåì ïàðà.

Öåëüþ ïðåäëàãàåìîãî èçîáðåòåíè   âë åòñ  ïîëó÷åíèå ãðàíóëèðîâàííîãî
íåîðãàíè÷åñêîãî ñîðáåíòà, îáëàäàþùåãî âûñîêèìè ñîðáöèîííûìè õàðàêòåðèñòèêàìè ïî
îòíîøåíèþ ê ëåòó÷èì ôîðìàì ðàäèîàêòèâíîãî èîäà è äîñòàòî÷íîé óñòîé÷èâîñòüþ â
óñëîâè õ îáðàçîâàíè  êàïåëüíîé âëàãè.

Ïîñòàâëåííà  öåëü äîñòèãàåòñ  òåì, ÷òî ïðåäëîæåí ãðàíóëèðîâàííûé ñîðáåíò
"Ôèçõèìèí" äë  óëàâëèâàíè  ëåòó÷èõ ôîðì ðàäèîàêòèâíîãî èîäà íà îñíîâå
êðóïíîïîðèñòîãî ñèëèêàãåë , èìïðåãíèðîâàííîãî ñåðåáðîì, â êîòîðîì 30-70% ñåðåáðà
íàõîäèòñ  â âèäå ìåòàëëà, âîññòàíîâëåííîãî àçîòñîäåðæàùèìè îñíîâàíè ìè, à îáùåå
ñîäåðæàíèå ñåðåáðà â ñîðáåíòå ñîñòàâë åò 3-7 ìàñ.%.

Äë  ýêñïåðèìåíòàëüíîé ïðîâåðêè çà âë åìîãî ñîðáåíòà "Ôèçõèìèí" áûëè ïðèãîòîâëåíû
îáðàçöû íà îñíîâå ïðîìûøëåííî âûïóñêàåìîãî è øèðîêî ïðèìåí åìîãî äë  î÷èñòêè
ðàäèîàêòèâíûõ îòõîäîâ êðóïíîïîðèñòîãî ñèëèêàãåë  ìàðêè ÊÑÊÃ (ÃÎÑÒ 3956-76).
Çà âë åìûé ñîðáåíò "Ôèçõèìèí" ïîëó÷àëè ïóòåì îáðàáîòêè ñèëèêàãåë  ìàðêè ÊÑÊÃ
âîäíûì ðàñòâîðîì àçîòíîêèñëîé ñîëè Ag+ ñ êîíöåíòðàöèåé, ñîîòâåòñòâóþùåé ñîäåðæàíèþ
ñåðåáðà â ñîðáåíòå 3-7 ìàñ.%. Çàòåì ïðîèçâîäèëè íàãðåâ îáðàáîòàííîãî ñèëèêàãåë  äî
ïîëíîãî óäàëåíè  âëàãè. Ïîñëå îõëàæäåíè  îñóùåñòâë ëè âîññòàíîâëåíèå èîíîâ ñåðåáðà
ðàñòâîðîì àçîòñîäåðæàùåãî îñíîâàíè : ãèäðàçèí ãèäðàòîì èëè åãî ñîë ìè;
ãèäðîêñèëàìèíîì èëè åãî ñîë ìè; àììèàêîì. Êîíöåíòðàöèþ àçîòñîäåðæàùåãî îñíîâàíè 
ïîäáèðàëè ñ ðàñ÷åòîì âîññòàíîâëåíè  30-70% ñåðåáðà äî ìåòàëëà. Ïîñëå ïåðåìåøèâàíè 
ñîðáåíò âûñóøèâàëè äî ïîëíîãî óäàëåíè  âëàãè.
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Äë  îïðåäåëåíè  îáùåãî ñîäåðæàíè  ñåðåáðà ñîðáåíò "Ôèçõèìèí" îáðàáàòûâàëè
êîíöåíòðèðîâàííîé àçîòíîé êèñëîòîé â òå÷åíèå 2 ÷. Îòäåë ëè îò íåãî ìàòî÷íûé ðàñòâîð,
ïðîìûâàëè âîäîé è çàòåì ïðîâîäèëè îïðåäåëåíèå ñåðåáðà â ðàñòâîðàõ òèòðîâàíèåì ïî
ìåòîäó Ôîëüãàðäà.

Êîëè÷åñòâî íå âîññòàíîâëåííîãî ñåðåáðà â ñîðáåíòå "Ôèçõèìèí" îïðåäåë ëè ïóòåì
òèòðîâàíè  ïî ìåòîäó Ôîëüãàðäà ðàñòâîðà, êîòîðûé ïîëó÷àëè â ðåçóëüòàòå îáðàáîòêè
ñîðáåíòà äèñòèëëèðîâàííîé âîäîé â òå÷åíèå 24 ÷. Êîëè÷åñòâî âîññòàíîâëåííîãî ñåðåáðà â
ñîðáåíòå ðàññ÷èòûâàëè ïî ðàçíèöå ìåæäó îáùèì ñîäåðæàíèåì ñåðåáðà è êîëè÷åñòâîì
íåâîññòàíîâëåííîãî ñåðåáðà.

Â òàáëèöå 1 ïðåäñòàâëåíû ôèçèêî-õèìè÷åñêèå õàðàêòåðèñòèêè ïîëó÷åííîãî
ãðàíóëèðîâàííîãî ñîðáåíòà "Ôèçõèìèí".

Åñëè ñîäåðæàíèå ñåðåáðà â çà âë åìîì ñîðáåíòå "Ôèçõèìèí" ìåíåå 3 ìàñ.%, òî
ýôôåêòèâíîñòü óëàâëèâàíè  èîäà èç ïàðîâîçäóøíîé ñìåñè óìåíüøàåòñ  â 2-3 ðàçà, ïðè
ýòîì ôàêòîð î÷èñòêè DF ïàðîâîçäóøíîãî ïîòîêà îò ðàäèîàêòèâíîãî èîäà ñíèæàåòñ  áîëåå
÷åì íà ïîð äîê. Óâåëè÷åíèå ñîäåðæàíè  ñåðåáðà â ñîðáåíòå áîëåå 7 ìàñ.%
íåöåëåñîîáðàçíî, ò.ê. ýôôåêòèâíîñòü ïîãëîùåíè  ëåòó÷èõ ñîåäèíåíèé ðàäèîàêòèâíîãî
èîäà, âêëþ÷à  éîäèñòûé ìåòèë, èç ïàðîâîçäóøíîé ñìåñè â ýòîì ñëó÷àå ïðàêòè÷åñêè íå
óâåëè÷èâàåòñ , óæå äîñòèãíóâ ìàêñèìàëüíîé âåëè÷èíû 99,99%.

Òàáëèöà 1.

Ôèçèêî-õèìè÷åñêèå õàðàêòåðèñòèêè ãðàíóëèðîâàííîãî ñîðáåíòà äë  óëàâëèâàíè  ëåòó÷èõ ôîðì ðàäèîàêòèâíîãî èîäà íà îñíîâå ñèëèêàãåë 
ìàðêè ÊÑÊÃ.

NN Ïàðàìåòð Çíà÷åíèå

1 Èñõîäíûé ìàòåðèàë äë  ïðèãîòîâëåíè  ñîðáåíòîâ ñèëèêàãåëü ÊÑÊÃ (ÃÎÑÒ 3956-76)

2 Öâåò Òåìíî-ñåðûé

3 Ôîðìà Ãðàíóëû

4 Òåïëîåìêîñòü, Äæ⋅êã-1⋅Ê-1 ≥795,5

5 Òåïëîïðîâîäíîñòü, Âò⋅ì-1⋅Ê-1 ≥1,4

6 Íàñûïíîé âåñ, êã/ì3 580±100

7 Ñâîáîäíûé îáúåì, % 60÷80

8 Ðàçìåð ãðàíóë, ìì 0,50÷6,00

9 Óäåëüíà  ïîâåðõíîñòü, ì2/ã 310±20

10 Ñðåäíèé ðàäèóñ ïîð, Å 55±10

11 Ñóììàðíûé îáúåì ïîð, ñì3/ã 1,4±0,2

12 Êîíöåíòðàöè  ìåòàëëà â ñîðáåíòå, âåñ.% 3÷7

13 Ñîðáöèîííà  åìêîñòü, ã/êã (ã ïîãëîùåííîãî âåùåñòâà / êã ñîðáåíòà)

ÑÍ3I - 0,5÷6,0

I2 - 2,0÷15

14 Ýôôåêòèâíîñòü ïîãëîùåíè  èç ïàðîãàçîâîãî ïîòîêà, %

ÑÍ3I - ≥99,0%

I2 - ≥99,9%

15 Òåìïåðàòóðà ýôôåêòèâíîé ðàáîòû ñîðáåíòà, °Ñ 30÷300

16 Òåìïåðàòóðà íà÷àëà äåñîðáöèè ðàäèîàêòèâíîãî
èîäà, °Ñ

600

Óñòîé÷èâîñòü ñîðáåíòà "Ôèçõèìèí" õàðàêòåðèçóåòñ  ñîõðàíåíèåì åãî ñîðáöèîííîé
ñïîñîáíîñòè ïîñëå êîíòàêòà ñ âîäíîé ôàçîé. Äë  ýòîé öåëè ñîðáåíò "Ôèçõèìèí", à òàêæå
ñèëèêàãåëü, èìïðåãíèðîâàííûé àçîòíîêèñëûì ñåðåáðîì (àíàëîã ñîðáåíòà ÀÑ6120),
îáðàáàòûâàëè â òå÷åíèå 20 ÷ âîäîé, âûñóøèâàëè ïðè òåìïåðàòóðå 110°Ñ è ïîñëå ýòîãî
îïðåäåë ëè èõ ñîðáöèîííóþ ýôôåêòèâíîñòü ïî îòíîøåíèþ ê íàèáîëåå òðóäíî
ëîêàëèçóåìîé ôîðìå ëåòó÷èõ ñîåäèíåíèé ðàäèîàêòèâíîãî èîäà - éîäèñòîìó ìåòèëó.

Â òàáëèöå 2 ïðèâåäåíû ðåçóëüòàòû ñîðáöèè éîäèñòîãî ìåòèëà íà îáðàçöàõ çà âë åìîãî
ñîðáåíòà "Ôèçõèìèí" è ñîðáåíòå, èìèòèðóþùåì ìàòåðèàë ÀÑ6120, äî è ïîñëå èõ êîíòàêòà ñ
âîäîé.

Òàáëèöà 2. Ñîðáöè  ÑÍ3
131I èç ïàðîâîçäóøíîãî ïîòîêà íà ãðàíóëèðîâàííûõ ñîðáåíòàõ,

îáðàáîòàííûõ âîäîé â òå÷åíèå 20 ÷ è âûñóøåííûõ ïðè 110°Ñ íà âîçäóõå ïîñëå îòäåëåíè 
æèäêîé ôàçû.
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RU 2 346 346 C2

(msorb=50 ã, Tsorb=20°Ñ, Tgas=20°Ñ, Sêîëîíêè=5,96 ñì2, m(ÑÍ3
131I)=100 ìã, RH=3÷4 îá.%, t=

5 ÷; ∅=3,00÷6,00 ìì, υ=2.38 ñì/ñ, τ=6,00 ñåê, h=14,00 ñì)
¹îïûòà Ìàðêà ñîðáåíòà Ñòåïåíü ïîãëîùåíè  ÑÍ3I, %%

1 Ñèëèêàãåëü - AgNO3 (7 ìàñ.%) 31,78

2 "Ôèçõèìèí" - 7Ag-m 99,99

Îáîçíà÷åíè : h - ñóììàðíà  âûñîòà ñëî  ñîðáåíòà â êîëîíêå; Tsorb - òåìïåðàòóðà ñîðáåíòà; Tgas - òåìïåðàòóðà ïàðîâîçäóøíîãî ïîòîêà; υ -
ëèíåéíà  ñêîðîñòü ïàðîâîçäóøíîãî ïîòîêà â êîëîíêå; τ - âðåì  êîíòàêòà "ñîðáåíò - ïàðîâîçäóøíûé ïîòîê" (äë  ñóììàðíîãî ñëî  ñîðáåíòà);
Sêîë - ïëîùàäü ïîïåðå÷íîãî ñå÷åíè  êîëîíêè; RH - ñîäåðæàíèå ïàðà â ïàðîâîçäóøíîì ïîòîêå; t - âðåì  ýêñïåðèìåíòà, âêëþ÷à  âðåì  ïîäà÷è

ÑÍ3131I; ∅ - ðàçìåð ÷àñòèö ñîðáåíòà; m - ñóììàðíà  ìàññà ñîðáåíòà; 7Ag-m - ñîðáåíò, ñîäåðæàùèé 7 ìàñ.% ñåðåáðà.

Ïðåèìóùåñòâàìè ðàçðàáîòàííîãî ñîðáåíòà "Ôèçõèìèí"  âë þòñ : âûñîêà 
ýôôåêòèâíîñòü ñîðáöèè ëåòó÷èõ ñîåäèíåíèé ôîðìû ðàäèîàêòèâíîãî èîäà, âêëþ÷à 
éîäèñòûé ìåòèë, èç ïàðîâîçäóøíûõ ïîòîêîâ, ò.å. íàäåæíîñòü ëîêàëèçàöèè; òåðìîñòîéêîñòü
äî òåìïåðàòóðû 300°Ñ; ñîõðàíåíèå ñîðáöèîííîé ñïîñîáíîñòè ïîñëå êîíòàêòà ñ âîäíîé
ôàçîé; èñïîëüçîâàíèå ïðîìûøëåííî âûïóñêàåìîãî è øèðîêî ïðèìåí åìîãî äë  ñîçäàíè 
ðàçëè÷íûõ ñîðáåíòîâ è êàòàëèçàòîðîâ êðóïíîäèñïåðñíîãî ñèëèêàãåë  ìàðêè ÊÑÊÃ.

Ôîðìóëà èçîáðåòåíè 
Ñîðáåíò äë  óëàâëèâàíè  ëåòó÷èõ ôîðì ðàäèîàêòèâíîãî èîäà íà îñíîâå ñèëèêàãåë ,

èìïðåãíèðîâàííîãî àçîòíî-êèñëûì ñåðåáðîì, îòëè÷àþùèéñ  òåì, ÷òî 30-70% ñåðåáðà
íàõîäèòñ  â âèäå ìåòàëëà, ïîëó÷åííîãî âîññòàíîâëåíèåì èîíîâ ñåðåáðà àçîòñîäåðæàùèìè
îñíîâàíè ìè, à îáùåå ñîäåðæàíèå ñåðåáðà â ñîðáåíòå ñîñòàâë åò 3-7 ìàñ.%.

Ñòðàíèöà: 5

CL

5

10

15

20

25

30

35

40

45

50


	Биб.поля
	Реферат
	Bibliography
	Abstract
	Описание
	Формула

