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* NopoobpasoBaHue,
* MMNperHayms



dopmMmpoBaHMe Nop B NosiMMmepax
noa gencrtemem CK CO,
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[Tpumepbl PopMMpoBaHUSA
nopucrtoun cTpykTypsbl B I'1C noa
nenc

HabyxaHune/nnactudpunkaumns NoIMMepPHOU
matpuubl INC B CK CO, ¢ nocneaytoLlen
aekomnpeccunen peaktopa, nsobpaxenms CoM
npn 1000% (cneBa, B ueHTpe) n 2000x (cnpasa)
yBENUYEHNN



dopmMupoBaHME NMOPUCTON CTPYKTYPb
B I'IC noa ,EI,eI/ICTBI/IeM CK CO,

COM-mumkpodoTtorpadpumn ckonos obpasuyos lNC,
BCMEHEHHbIX MOCIie HaCbILLEHNS
ceepxkputndeckum CO, B TedeHne 3 4 npu
naeneHnn 9 MlMa n T = 38 (cnesa), 55 (B ueHTpe)
n 65 °C (cnpasa). Bpemsa gekomnpeccumn ~2 MUH,
yBenuyeHune x2000

Gallyamov et al. // Polym. Sci. A 2018, 60, 507



dopmuposaHme nop B I'C noa
nencrtemem CK CO,

1. Initial polymer surface 2. Polymer surface after 3. Surface of cleavage of
exposition in sc-CO; polymer after exposition in sc-
CO>



CREPPITIMECIME CPEMb:
HahnnesyerneconimmnniCsInEMA

Gallyamov et al. // Polym. Sci. A 2002, 44, 581



MN3MEHEHUSA MOP®OJIOI'MA TIOBEPXHOCTH IIBMA
INOCJIE OBPABOTKH B CK-CO,. ACM-U3YYEHHUE

"= 1, UcXoaHbII.

XapakTepuCTHKH MOP:
auametp: 100-300 nm AMAMETP A0 S pm
riyouna: 10-30 nm rIy0MHa 10 2 pm

2. Iocae axeno3uimu B CK-CO,. ACM BBISIB/IsIET HOPHI PA3JIHYHOI0 JUAMETPa U
IJIyOUHBI.



dopmupoBaHue nop B NBMA
noa gencrtemem CK CO,

Control Exposition Exposition
0.5h, 38°C, 80 bar 0.5h, 38°C, 150 bar
N ~1-5/10 pm? @ ~ 0.2-1 pm, N>1000/ 10 pm?, & ~ 0.2-2 um,

h ~20-700 nm h ~1-100 nm



dopmupoBaHue nop B NBMA
noa gencrtemem CK CO,

’

13513 um’

Exposition Exposition Exposition
0.5h, 38°C, 150 bar 2h, 38°C, 200 bar 0.5h, 38°C, 250 bar
N>1000/ 10 um?, & ~ 0.2-2 um, N ~3-10/10 pm?, & ~ 0.2-2 um, N ~ 10-30/ 10pm?, & ~ 0.2-2 pm,

h ~1-100 nm h ~20-100 nm h ~ 30-60 nm



dopmupoBaHue nop B NBMA
noa gencrtemem CK CO,

’|.

Exposition Exposition Exposition
0.5h, 38°C, 80 bar 0.5h, 50°C, 80 bar 0.5h, 50°C, 80 bar
N~1-5/10 pm? & ~0.2-1 um, N ~ 40-400/ 10 pm?, & ~ 0.05-1 pm, N ~ 40-400/ 10 pm?, & ~ 0.05-1 pm,

h ~20-700 nm h ~1-100 nm h ~1-100 nm



dopmupoBaHue nop B NBMA
noa gencrtemem CK CO,

-

EXposition EXposition Exposition

0.5h, 70°C, 80 bar 0.5h, 70°C, 80 bar 1.5h, 90°C, 80 bar
N ~ 30-200/ 10 umz, & ~0.05-2 pum, N ~ 30-200/ 10 umz, & ~0.05-2 pum, N ~10-30/10 umz, & ~0.05-0.2 um,

h ~1-100 nm h ~1-100 nm h~1-10 nm
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CMIPEiLs NONNMERORB RIDGEHTEINHMN

Disperse Red 54

Disperse Yellow 64

Disperse Blue 5

PAR

PC

PET

p = 250 bar,
T =100 °C,
t=2h

p = 250 bar,
T=80"°C,
t=1h

p = 250 bar,
T =100 °C,
t=2h
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Nikitin et al. // J. Supercritical Fluids 2003, 26, 263



MuKponopucTbin NONMUITUNEH
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12 x 12 MKM

Nikitin et al. // Polym. Sci. A 2006, 48, 827



CALRDIOEAT ) D066 DOMANADIORE W IRpOROmETore T9

QCOOH + Fe(CF3S03)3 + CK CO, kak

pacTBOPHUTE]b

0] 05|
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Nikitin et al. // Polym. Sci. A 2006, 48, 827



Pe3ynbTaT nmnperHayumn
MMKPOMOPUCTOro [19 B CK CO,

Microporous HDPE surface after impregnation in sc- COz with
1. Initial surface of micropous HDPE polymer AF-2400 (Dupont)

< 2D image < 2D image

3D image

3D image
U

. . L . 4. Microporous HDPE surface after impregnation in sc-CO, with 2-
2. Mlcrlopg)trqlus H(ljDPEbsurfacet aﬁfr mpregzpatlon In s¢-CO, with carboxypyrrole, decarboxylation and subsequent pyrrole
acrylonitrile and subsequent polymerization polymerization
< 2D image < 2D image
3D image 3D image
U U

11 11 pm

Nikitin et al. // Polym. Sci. A 2006, 48, 827



MwukpoHusauua B ck CO,,

« Metoa RESS



Metog RESS
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Cxema yCTaHOBKM ON19 MUKPOHU3aLMK
benkoB no metoay SAA (supercritical
assisted atomization)

Zalepugin et al. // Russ. J. Phys. Chem. B 2010, 4, 1047
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CK CO, kak cpefa
obpaboTku/nony4eHmnst matepmnarnon
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Kondratenko et al. // J. Supercritical Fluids 2017, 127, 229



Moanukaumna matepmanos B
CK cpepax

* (oOpMMPOBaAHMNE adporenemn
* HaHeCeHWne NOKPbITUN



CBepXKpUTUYECKAsA CYyLLKa adporeren
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CBepPXKpUTUYECKAA CYyLLKa adporeren

B extraction C
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Cxema npsamoro ocaxgeHua ns CK CO,

CO,, T, [eKOMMNpPeccus
BbICOKOE nocrne aKCcrno3numnm
aaBneHmne
nopucras ol ol OAHOPOAHO
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doyHKLUMOHarbHbIN
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[MpenmyLiectea CK CO, kak
PAaCTBOPUTENS B npoLieccax HaHeCeHUs
MaTepmanoB Ha NOASTOXKY

« PacTtBopuTernb Ans MHOMMX OpraHN4YeCcKnX CoeanHEHNN
N HEKOTOPbIX MONUMEpPOB

* He aBnseTcs »XnMakocTblo (HET XXnakon asbl npu
HOpPMasbHbIX YCNOBUAX, HET BbiCbIXalOLWMX Kanenb, HET
nepemMeLlleHnn TpexdasHom rpaHuLbl, HET BITUSHUS
KanunnspHbIX CUIT N CUIT MOBEPXHOCTHOIO HaTSXKEHUS)

* Hunskasa BA3KOCTb, BbICOKAA CKOPOCTb ANddy3um

I—

Kugknm pacteoputernb CK pacTtBopuTenb




[Tpenmyectea CK CO, kak pactBoputens
B rpoLieccax ocaxgeHusa matepuanos

Yivly

[lopucrtas [lopucrtaga [TlopucTasa cTpykTypa,
CTPYKTYpa, XXNOKNU CTPYKTypa, xugkmn  CK pacTtBopuUTEns,
pacTBoOpUTEND, pacTBOpUTEND, abcontTHoEe
HecMa4vnBaHue cMauymBaHue cMaduBaHune 6e3

KalNnUninapHbIX CUT
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YrnepogHasa TkaHb + HanblneHHas gucnepeusa Yyactmu PTFEn Pt @ C



MeToabl nccneaooBaHus
NOPUCTbLIX cpea



MeToa To4YkM ny3bipbKa

Bubble Point

Pores filled with wetting liquid, ® =0

./t/ When the gas pressure of one side of

the sample is gradually increased, at

a critical value of the pressure the gas
empties the largest pore in the sample
and starts to flow through the sample.
This pressure is called the bubble point
pressure. The corresponding bubble

' point pore diameter is calculated
according to:

gas pressure, p

D=4y, cos®/p

D: diameter of pore
v. surface tension




MeToa pTyTHOM NOPOMETPUN

Mercury Porosimetry

pressure up to 60000 psi

Mercury

el large pores will be filled at low

pressure
« small pores will be filled at high
pressure

100 %

"""""""" R 50 % volume

% total pore

volume

eV diameter
mean volume pore diameter

differential volume

diameter

pore size distribution based on volume |

KannnnapHbIM KOHTAKT, METOA, 3TaflOHHOW NOPOMETPUN



MeToabl aHann3a NPoHULLIAEMOCTU
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Modified Wicke Kallenbach diffusion cell pseudostationary permeation cell

nepMonopoMeTpus



[ napoHanopHbIN MeToa

The hydrohead test determines the pressure required to force
water into the sample.

A small amount of water is placed on the
P nydrohead j, sample and the pressure is increased. At a

critical pressure the liquid will be pushed
m Into the sample. This pressure is called

hydrohead pressure

Liquid permeability:

the permeability of a liquid (wetting, non wetting) in a porous
material is measured.




MeToa KanunnapHoOro BcacbiBaHUA
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MN3amepeHne KpaeBoro yrna (cmadmsaHug)

contact angle of water on GDLs

TGP-H-120




