High-strength ‘airy’ polymer aerogels

Aerogels — unique materials with a record low
density and large surface area — ranked among the
top ten emerging technologies in chemistry and
materials science, selected by the International
Union of Pure and Applied Chemistry in 2022
[https://iupac.org/iupac-2022-top-ten/]. Despite the
diverse nature of aerogels, they are all characterized
by an extraordinary light weight and, at the same
time, high mechanical strength (Fig. 1).

The first polymer aerogels, synthesized more
than 30 years ago, were highly porous phenol-alde-
hyde resins, in particular, resorcinol-formaldehyde
resins. Phenol-aldehyde resins are familiar to any-
one who has stood on the steps of a subway esca-

Fig. 1

a) Graphene aerogel. Source: https://dailytech-
info.org/news/4656-grafenovyy-aerogel-
stanovitsya-samym-legkim-materialom-
na-segodnyashniy-den.html

b) A 2.5 kg brick standing on an aerogel based
on graphene and carbon nanotubes with a
mass of 2 g. Source:
https://ru.wikipedia.org/wiki/Aaporenb

Puc. 1

a) lpadeHoBbIN asporenb. ICTOUYHKK:
https://dailytechinfo.org/news/4656-grafen-
ovyy-aerogel-stanovitsya-samym-legkim-ma-
terialom-na-segodnyashniy-den.html

6) Kupnuuy maccon 2,5 Kr Ha asporene Ha oc-
HoBe rpadeHa 1 yrnepoaHbix HAaHOTPY6OK
maccon 2 r. UctouHumk: https://ru.wikipedia.org/
wiki/Asporenb

lator or held an electric plug in one’s hands. Phe-
nol-aldehyde resins exhibit high strength, corrosion
resistance, and excellent electrical insulation prop-
erties. Highly porous phenol-aldehyde resins are
not only durable sound and heat insulating materi-
als, but also promising sorbents, inexpensive carri-
ers for catalysts, and elements of gas sensors. The
most important feature of phenol-aldehyde aero-
gels is the possibility of their transformation into
highly porous carbon materials for using in high-ca-
pacity electric batteries.

The properties of phenol-aldehyde aerogels
are determined by their structure (pore size and di-
ameter, density, etc.), which, in turn, depends on the

Flpquble «BO34YyLWIHbIE» MOJIMMEPHbIE a3poresyin

Asporenn — yHuKanbHble MaTepuanbl C pe-
KOPAHO HM3KOW MIOTHOCTbIO U 6OMbLION MJowa-
[blo noBepxHocTn — Bownu B 2022 rogy 8 Ton 10
TEXHONOMMI B XMUW U MaTepranoBeaeHnm, aHoH-
CMPOBaHHbIX MeXxayHapoaHbIM CO30M TeopeTu-
yeckon n npuknagHon xumum [https://iupac.org/
iupac-2022-top-ten/]. HecmoTpAa Ha pa3Hoobpas-
HYI0 NPUPOAY asporenen, BCe OHU OT/INYAIOTCA He-
006blualiHOM NEerkocTbio U BMECTe C TeM BbICOKOW
MeXaHNYeCKkom NpoYHoCTbIo (Puc. 1).

MepBbIMY NONMMEPHBIMK a3porenamm, Nosny-
yeHHbIMK 6onee 30 neT Ha3af, 6binn BbICOKONOPK-
CTble peHoN-anbaernaHble, B YaCTHOCTK, PE30PLMH-
dopmanbaermaHblie cmonbl. C deHon-anbaernaHbl-
MU CMOJIaMM BCTPeYasca Kaxabli, KTO CTOAN Ha CTY-
NneHAX 3CKanatopa B METPO Wnn feprkan B pyke
aneKTpuYeckyto Bunky. OeHon-anbaernaHble CMosbl

0651ajaloT BbICOKOW MPOYHOCTbIO, KOPPO3NOHHOW
CTONKOCTbIO, MPEKPACHbIMM 3N1EKTPOU30NALMOH-
HbIMW CBOMCTBaMU. BbicokonopucTtblie dpeHon-anb-
JervaHble CMOoJbl ABAAITCA HE TONbKO MPOYHbIMU
3BYKO- U TEMNOU3ONALNOHHBIMY MaTepuanamMmu, HO
N NepcneKkTUBHbIMU COpOEHTaMU, HELOPOTMMU HO-
cMTensaAMU AnA KaTanm3aTopoB, S1eMeHTamMu ra3o-
BbIX CEHCOPOB. BaxkHellwen 0cobeHHOCTbIo deHon-
anbAerngHblx asporenen ABAAETCA BO3MOXHOCTb
UX NpeBpaLLeHnA B BbICOKONMOPUCTbIE YrepoaHble
MaTepuanbl 419 UCNONb30BaHNA B COCTaBe BbICOKO-
€MKUX SNEKTPUYECKNX aKKYMYNATOPOB.

OueBnaHO, UTO CBONCTBA PeHON-anbAerMaHbIX
asporenen onpegenaTca Ux CTPYKTypomn (pasme-
pPOM 1 fiaMeTPOM MOp, MNAIOTHOCTbIO U T.A.), KOTO-
pas, B CBOIO oyepefb, 3aBMUCUT OT YCNOBUI Nony-
YyeHuA renen, CKOPOCTN NOAMMEpPU3aLUN OpPraHu-

[1] Lermontov S.A., et al. Journal of Porous Materials (2022). DOI: 10.1007/s10934-022-01365-4

conditions of their synthesis, the rate of polymeriza-
tion of organic molecules, and the crosslinking of
polymer chains. Usually resorcinol-formaldehyde
gels are produced by polycondensation of resorci-
nol and formaldehyde in the presence of catalysts —
acids or bases — and water or acetonitrile is used as
a solvent. However, the role of the solvent in the
synthesis of resorcinol-formaldehyde gels and aero-
gels is practically unexplored.

Aerogels based on resorcinol-formaldehyde
resins with controlled porosity and high mechanical
strength were studied using small-angle neutron
scattering on the YuMO spectrometer of the IBR-2
reactor [1]. The effect of organic solvents acetoni-
trile and dimethyl sulfoxide on the porosity of the
material was revealed (Fig. 2). In particular, it was
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Fig. 2

Pore sizes of resorcinol-formaldehyde aero-
gels at various concentrations of solvents:
acetonitrile (left) and dimethyl sulfoxide
(right) obtained from SANS data.

Puc. 2

Pasmepbl nop pesopurHo-popmanbaerna-
HbIX asporenei NPy PasnnNYHbIX KOHLEHT-
paumax pacTBopuTenen: aLeToHUTpunIa
(cneBa) n gumetuncynbdokcnaa (cnpasa),
NosyyYeHHble Mo JaHHbIM MasnioyrioBOro

Scattering cross section, d(q)/d, cm™’

found that a specified porosity of polymer aerogels
can be produced using various solvents, as well as
varying their concentration at the stage of synthesis
of resorcinol-formaldehyde gels. The results showed
that the new aerogels are promising for the creation
of highly efficient sound and heat insulating mate-
rials and sorbents.

The study was carried out by a team of Russian
scientists from the Institute of Physiologically Active
Compounds of RAS, N.S. Kurnakov Institute of Gen-
eral and Inorganic Chemistry of RAS, A. A. Baykov
Institute of Metallurgy and Materials Science of RAS,
Petersburg Nuclear Physics Institute of NRC“Kurcha-
tov Institute” and Joint Institute for Nuclear Re-
search with the financial support of the RSF
research grant N219-73-20125.

HeIZTpOHHOFO pacceAaHnA.

YeCKMX MOJSIEKYN U CLUMBKMK MOAMMEPHbIX Lenen.
O6bluyHO pe3opLrH-bopManbaerMaHble rean nomny-
YaloT NONMKOHAEHCaLUNel pe3opunHa n popmanb-
Jervfa B NpUCYTCTBMW KaTanm3aTopoB — KUCIOT
NNV OCHOBAHWI, a B KaYecTBe pacTBOpUTENA UC-
Nonb3yloT BOAY Win aueToHuTpun. OgHako ponb
pacTBopuTena B CMHTE3e pe3opunH-dopmanbie-
rMAHbIX refien v asporenen o CMx Nop npakTuye-
CKM He n3yyeHa.

MeToOM ManoyrioBoro HeMTPOHHOIO pac-
ceAHunA Ha cnekTpomeTpe OMO peaktopa VBP-2
nccnefoBaHbl a3poresniv Ha OCHoBe pe3opLunH-dop-
ManbAernaHblX CMOM C KOHTPONMPYyeMOWN nopu-
CTOCTbIO 1 BbICOKOW MEXaHNYeCKOM MPOYHOCTbIO
[1]. BbiasBNneHO BAUAHME PO OpraHNYeCcKnx pac-
TBOPUTENEN aLETOHUTPUIA N BUMETUICYbGOKCU-
[a Ha NopucTocTb matepurana (Puc. 2). B uactHocTn,
YCTaHOBJIEHO, YTO NOJIyYeHue 3afaHHOM NOPUCTO-
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CTV MOJIMMEPHbIX asporesiell BO3MOXKHO Npu UC-
NOJSIb30BaHMM Pa3/IMYHbIX PAaCcTBOPUTENEN, a TaKXKe
npuv BapuaLmmy X KOHLEHTPaLUUIN Ha STane CUHTe3a
pe3opunH-popmanbaerngHbix renen. lonyyeHHble
pe3ynbTaTbl NOKa3anu, YTO HOBble asporenu nep-
CNEeKTMBHbI AnA CO3AaHuA BblCOKOIOOEKTUBHbBIX
3BYKO- 1 TEMNOU30NALNOHHbIX MaTePUANoB 1 COp-
6eHTOB.

PaboTa BbINONMHEHa KOMNEKTUBOM POCCUNCKNX
yueHbix 13 NHCTUTYTa GM3M0Nornyeckn akTMBHbIX
BewecTtB PAH, NHcTuTyTa 06WeENn 1 HeopraHuye-
ckom xumnm um. H.C. KypHakosa PAH, NHcTutyTa
MeTannyprum n matepunanosegeHusa um. A.A. ban-
koBa PAH, MNMeTepbyprckoro MHCTUTYTa AaepHon du-
3UKK 1 O6beAMHEHHOTO MHCTUTYTA AJEPHbBIX UCCTle-
JOBaHWUN Npu nopaepxke rpaHta PHO N2 19-73-
20125.
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