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Hucmumym eeoxumuu oxpyosscaroueti cpedvl HAH Yrpaunoi

METOIUKA OIIPEJAEJIEHUSA CTEIIEHU HABYXAHUSA
I'NIMHOIIOJIMMEPHBIX HAHOKOMIIO3UTOB

B cmamve paccmampusaemcs cnocof yYCKOPeHHO20 OnpedesieHuss CMmenenu c60000H020 HAOYXAHUL CYXUX
2NUHONOTUMEPHBIX HAHOKOMNO3UMOS GHEOPEHUsT HA OCHOGe GeHmMOHUmMoeGol enunvl u axpuiamuda. CoenacHo
npeonazaemomy cnocody uz obujeli Maccol 3anOIUMEPUIOEAHHOSO HAHOKOMNO3UMA GblOCISIIOMCS HeCKOIbKO
006pazyoe6 u usMepAemcs ux macca uiu 0ovem. 4acme uz HUX GbICYUWUBAION, d OPY2YI0 YACHb NOMEUAION 6 00Y
ons onpedenenusi nabyxanus. Ilocne 3agepuieHus cywku u HaOyxawus npoyedypy usmeperus macc (00vemos)
NOBMOPAIOM U PE3YIbIMAMbL PACCUUMBIEAION NO NPUBCOCHHBIM 8 pabome GopMyIam.

BBenenue

IIpu BBINOIHEHUH HKCIEPUMEHTAIBHBIX PA0OT CBA3aHHBIX C MOJIYYEHHEM HOBBIX PELENTYpP
TJIMHOIIOJTUMEPHBIX HAHOKOMITO3UTOB — MEPCIEKTUBHBIX COCTABIISAIOUINX OapbepHBIX MAaTEPUAIIOB —
HEOOXOJUM KOHTPOJb OJHOM M3 BaXKHEHIIMX XapaKTEPUCTHK HAHOKOMIIO3UTOB — CTEIEHU
cBOOOHOTrO HaOyXaHHsI B BOJI€ MJIM B BOJHBIX PACTBOPAX COJICH.

N3BecTHO, 4TO CHMHTE3 TJIMHOMOJIMMEPHBIX HAaHOKOMITIO3UTOB MPOBOAUTCS B BOJHOM cpeje,
obecrnieunBaromIeli HeOOXOIMMYIO MOJABIKHOCTh MOJIEKyJlaM pearupyromux Bemects [1, 2, 3].
KonnuecTBo sxukoi (as3bl Mpy CUHTE3€ MOXKET IMPEBBIIIATh KOJINYECTBO TBepAOH B 3 + 5 pa3. Ilpu
TPaIULIMOHHOM OIpPEJeIEHUN CTENeHH HaOyXaHus 10 Macce CHUHTE3MpPOBAaHHBIA 0Opaseln
U3MENbYalOT M BBICYIIMBAIOT. 3aT€M H3BECTHYIO HABECKYy CYXOro HAHOKOMIIO3UTA IOMEILIAIOT,
JKEJIaTelIbHO, B INPOTOYHYIO BOJAY WJIM B BOJHBIM pPacTBOP U BBIAECPKHUBAIOT O MPEKpAIICHUS
BojonoryiouieHust (HaOyxanus). CrerneHb HaOyxaHMsI 10 Macce ONPENENSIIOT M3 CIEAYIOIIEro
YPaBHEHHUS:

= (M)

rae: &, — CTeNEeHb Ha0yXaHUs 110 MACCE; My — MACCA CYXOTO HAHOKOMIIO3UTA; Myq5 — Macca
HAaHOKOMIIO3UTA MOCIIe HA0yXaHUs.

Ecnu ydects, uTo cymika, a 3aTeM HaOyXaHHe MPOJOJIKAIOTCS B 3aBUCHMOCTH OT COCTaBa U
pa3MepoB 00pa3LOB OT HECKOIBKHMX CYTOK JI0 HECKOJBKHX HE/eNb, TO MOHMCK crocoOoB Ooiee
OBICTPOTO OTpeJeNieHHs] CTENeHN HaOyXaHUsl CTAaHOBHTCS aKTyaJbHBIM, YTO W ONPENEIWIO LEeNb
HaCTOAIIEH padoThI.

MeToanl uccjien0BaHuA

Nzyyanocs Habyxanue 6aprepHoro rujapousonupytomiero marepuana (I'MI1-42) na ocHoBe
JIMHOTIOJIMMEPHOTO HAHOKOMITIO3UTa BHEAPEHUS, cocTosiero us 4,2 % mnoimMepHOid KOMIIOHEHTHI,
4,1 % Oenrtonuta, 60 % OammactHoro martepuana (mecka). BcmoMmorarenbHbie BemectBa: N,N' —
Metunenoucakpmiamu (0,15 %), nepcynbsdar ammonus (0,3 %), Boga (25,7 %) u ap.

OObIYHO, TOCJEe MPOBEACHUS MOIUMEPHU3AIUN TIMHOMOIUMEPHBIH HAHOKOMITO3UT HMEET
pe3nHONONO0HBI  BUA. Peanm3amus HOBOro crocoba 3aKiIOYaeTcs B TOM, 4YTO U3
CUHTE3UPOBAHHOTO HAHOKOMITO3UTA BBIPE3AIOT JJIsl aHANIM3a ABa oopasna. OJIMH U3 HUX MOMEIIAI0T
Ha CYIIKy, APYyroil — Ha HaOyxaHWe. B 3TOM ciydae MOTyT paccMaTpuBaThCsS JBa BapHaHTA:
o0Opa3ipl MMEIOT OJIMHAKOBYI0 MacCy WJIM HUX MacChl pasHble. B mepBoM BapuaHTe Imociie
3aBepIICHUS CYIIIKH M HaOyXaHUsI MOXKET ObITh BRIYHCIICHA CTEIIeHb HaOyxaHwus o ¢popmyie (1). Bo
BTOPOM BapUaHTE MOTYT OBbITh UCHOJB30BaHBI CIIEIYIOIINE MOIXO/bI: OCIE 3aBEPIICHUS CYIIKU U
HaOyxaHUS UCXOAHAs Macca HaOyXimiero oopasia JISTKO MOXET OBITh MepecurTaHa Ha UCXOIHYIO
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Maccy Beicoxmero. Jlamee ucnonbzyercst hopmyna (1). Cnemyromuii moaX0a COCTOUT B TOM, YTO
JUTSl CHHTE3UPOBAaHHBIX 00Pa3I[0B MOTYT OBITh COCTABJICHBI CJICIYIOIINE YPABHECHUS:

m

—= 1~ g, 2)
mluuc

m2na6 :nm_,’_ ]} (3)
m2ucx

T7e: ¢, — CTENeHb YCYIIKHU MO Macce; #,, — CTENeHb HaOyXaHUs MO MacCe; Myycx , Moycx —
Macchl 00pa3loB IOCIE CHHTE3a NOMEUIEHHBIX COOTBETCTBEHHO Ha CYIIKY U HAa HAOyXaHUE; M ey ,
M2q6 — MACCHI 00PA3II0B MOCJE CYIIKU 1 Ha0yXaHUSI.

Ha macchl ucxonHsix 00pa3ioB HUKaKUX OTpaHUYCHUI He HaKJIaapiBacTcs. B dacTHOCTH 13
CBOMCTB HaOyXaHUsi HAHOKOMITO3UTOB CIIEAYET, UTO BO CKOJBKO pa3 M3MEHHUTCS Macca MCXOJHOTO
oOpasma B BeIpakeHHH (3), BO CTOJIBKO K€ pa3 U3MEHUTCS Macca 3TOro o0pasiia mociie Ha0yxaHus
U, CIIeZIOBATEIbHO, CIIPABEITMBOM OYy/IET 3aIUCh:

M a6 :nm+ 1 (4)

PaznenuB ypaBuenue (4) Ha ypaBHeHUE (3) MOTyUUM:
77 + l _ mlnuﬁ
l - ¢ mlcyx

OTKYJa OKOHYATCJIbHO MMOJIYYaeM MMPOCTYHO 3aBUCUMOCTD:

=a,+ 1, (5)

ey dn * P (6)
1_¢m

Takum o0OpazoMm, ©OciI€ OKOHYAHUS CHUHTE3a HEOOXOJMMO U3 PEe3HHONOJ00HOTo
HAaHOKOMIIO3UTa BbIpe3aTh JBa oOpa3ua. OAMH MOMECTHTh Ha CYLIKY, JPYyroil — Ha HalOyxaHHe.
OmnpenenyB N0 OKOHYaHUK HAOYXaHUS U CYIIKH #,, U @ , MOKHO PACCUUTATh CTEIICHb HA0YyXaHUs
CYXOro TJIMHOMOJIMMEPHOTO HAHOKOMIIO3HUTA, T.€. Y3HAThb MAacCy BOJBI UJH PacTBOpa, KOTOPYIO
MOKET TMOTJIOTHTh €JWHUIIA MacChl CYXOro HaHOKOMITO3MTa TIOCJIE 3aBEpIIEHHs Ipolecca
HaOyxaHus. Tak Kak mojauMepusanus B 00beMe MOXKET ObITh HEPaBHOMEPHOU TO KENaTeIbHO JIs
CymKd W HaOyXaHUs BBIpe3aTh 10 HECKOJIbKO OOpa3lloB W WCHOJB30BATH JUIS BBIYHCICHUS
yCpeIHEHHbBIE PE3YIIbTaThI.

Bripaxenue (6) coAepKUT MOKa3aTeld, XapaKTEPU3YIOIIUE CBOMCTBA aHAIM3UPYEMBIX
o0pa3loB U HE 3aBHUCSIIME OT MAacChl 3TUX OOpa3lOB, T.e. A BbIUUCICHUA O, U @, MOTYT
MCTIOJIB30BATHCS 00pas3iisl J1t000i Macchl. Kpome Toro, u3 ypaBHeHUs (6) Takke Clemyer, 4TO 4eM
OoJblle cTerneHb HaOyXaHWs M CTENEeHb YCYIIKM TeM OOIblle CTeNeHb CBOOOAHOTO HaOyXaHUs
TJIMHOIIOJTUMEPHOTO HAHOKOMITO3HUTA.

Jpyroii BaxXHON XapaKTePUCTUKON TTIMHOMOIMMEPHBIX HAHOKOMITO3UTOB, CHHTE3UPYEMBIX C
ENIbI0 MX MPUMEHEHUs B OapbepHBIX MaTepHualiax, SBIsSeTCs &, — CTeIeHb Ha0yXaHus 10 00beMy,
MOKAa3bIBAIOIAs BO CKOJBKO pPa3 yBEJIUYUTCS OOBEM HAHOKOMIIO3UTA IPU €ro CBOOOJHOM
HaOyxanun. VIMEeHHO cC yBelW4YeHHEM O0bEeMa YacTHIl HAHOKOMIIO3MTA, HAXOJAIIUXCA B
MEXKYaCTUYHOM TPOCTPAHCTBE Oa/lIacCTHOTO Marepuaina (mecka, MeOHSs W T.I.), CBS3aHO
YMEHBIICHUE TOPUCTOCTH U Kod(pduiueHTa (GUIBTpAlUK W TMOBBIILICHHE THIPOU30IUPYIOIIUX
CBOWCTB HMHXCHEPHBIX OapbepoB. YUHTHIBas BBHIIIECKa3aHHOE MOXHO TIONYYHThH CIIEAYIOIIee
ypaBHEHHE, B KOTOPOM MaccChl 00pa3LioB 3aMEHSIOTCS 00beMaMu:

+
®, = n,*o ’ (7)
I-9,
r7e: &, —CTeNeHb Ha0yXaHus 10 00bEMY CyXOoro o0pasiia HAaHOKOMITO3UTa;
(y — CTETICHb YCYIIKH 10 00BEMY CBEKECHHTE3MPOBAHHOTO 00pa3lia HAHOKOMIIO3UTA; 7]y —

cTerneHb Ha0yXaHusl M0 00beMy CBEKECUHTE3UPOBAHHOTO 00pasIia.
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W3 pe3nHOMOm0OHOTO HAHOKOMIIO3MTAa MOXKHO BBIpE3aTh 00pasilbl, 00BEM KOTOPBIX
JIOCTaTOYHO JIerko u3Mepsiercsa. Omnpeaenuts ¢, U #, HE CIOXKHO, IOMECTHB OAMH oOpasel] Ha
CYUIKY, IpYroil — Ha HaOyXaHWe W MOBTOPHO YCTAHOBUTH UX OOBEMBI MOCIIE CYIIKH U Ha0yXaHWs.
Janee @, paccuutbsiBaeTca no ¢opmyine (7). [Ipu paBeHcTBE 00BEMOB HMCXOTHBIX OOpA3OB IS
CYLIKH U HaOyXaHHS &, MOXET OBITh MOJYUYECHO MOCIIe ONpeAeieHHs 00beMa CyXoro U HaOyXIIIero
o0pa3ioB 1o ¢opmyiie (1), B KOTOpoit Macchl 3aMeHEHbI 00beMaMHu.

Pe3yabTaTsl 1 00cyKI1eHue
Hanokxomno3ut Obul CUHTE3UPOBaH B BUJIE IJIACTHHBI, KOTOpas ObUIa pa3jiesieHa Ha BOCEMb
00pa31oB, XapaKTEPUCTHKU UX MOCIIE CYIIKH U HaOyXaHHs IPUBEJEHbI B Tabaule 1.

Tabaunma 1. Ycymka u HaOyXaHHe CHHTE3MPOBAaHHBIX OOpPA3LOB TIIMHOMOJIUMEPHOTO
HAaHOKOMIIO3UTa C 0AJUIaCTHBIM HAIIOJHUTEIEM.

Macca 00pa3ios, r Crenenb Macca 00pa3ios, r Creniens HaOyxaHusi, I/T
YCYLIKH
HCXOIHBIX HIOCIIE CYILIKH @, T/T HCXOMHBIX nocine CHHTE3UPO- CyXoro
My ex My cyx Myyex HaOyXaHUs BaHHOTO 00pasia obpasia
Mona6 Nm Lm
27,65 21,85 0,21 25,25 1114 341 4,3
21,40 17,35 0,19 24,56 108,00 3,40 4,3
23,38 18,28 0,22 27,65 119,54 3,32 4,4
19,90 16,68 0,16 26,60 116,28 3,37 4,4
23,1* 18,54 0,195 26,0 113,8 3,38 4,36

*— g amoil cmpoke mabauybl NPUBOOSMCS CPeoHUe 3HAYEHUS,
Nm — CMenenb HAOYXaHus CUHME3UPOBAHHO20 0bpasya;
@, — cmenenb Habyxanusi cyxoeo 06pasya, paccyumana npu UCHOIb308AHUU MPAOUYUOHHO20 MEMOOd.

Bocnons3oBaBmmcs GpopmMynoi (6) momyduiu:

&, = M = 4,44 1/r.
0,805
Tak xak 23,1 r Beickixaet 10 18,54 1, To 26,0 r BeicoxHET 10 20,9 1, OTKYy1a:
& = 1138-209 = 4,44 1/r.
20,9

OOpa3npl mocne CyImKH ObUTH TOMENIEHBI B BOJY JUISI ONPEIESIICHUS AKCIEPUMEHTAIBHO
crerneHu HaOyxanus (Tabm. 1). B pe3ynbrare ObU1o YCTAaHOBJICHO CpeaHee 3HaueHue &, = 4,36 r/r,
9TO B Tpejaenax OMHOKH HW3MEPEHUs YIOBICTBOPHUTEIBHO COBMANAET C PACCYMTAHHBIM IIO
MpenaoKeHHOMY MeTony (&, = 4,44 1/T).

Bpewmst nonHO# cymikyn u HaOyxaHusi 0O0pa3IoB, BBIACICHHBIX M3 00beMa HAHOKOMITO3UTA,
coctaBmwiio 4 cytok. IIpu TpagumuoHHOM criocobe ompeneneHust (Cylike, a 3aTeM HaOyXaHHM)
noTpedoBanock Okl OoJiee 8 CyTOK MOATOTOBUTENBHBIX PaboT. C HMCIONMB30BAaHUEM TTPEIITI0KEHHOTO
crioco0a pe3yIbTaThl ObLIH MOIYUYSHBI Ha 4 CYTOK paHbILIE.

[lpakTika mNpUMEHEHHWs TpeylaraéMoro MeToja TOKa3ajlla, YTO TPH HEKOTOPBIX
COOTHOILEHUSX MEXIy TIOJIMMEPHOM W MMHEpaJbHOH KOMIOHEHTaMH B (HAHO)KOMIIO3UTax
HaOJI0AAI0TCSl HEOOBIINE PACXOXKICHHUS MEXK/Ty BBIYUCICHHBIMY 3HAUCHUSIMH CTEIICHH Ha0yXaHUs
U TOJTY4YEHHBIMU dKCTIepUMEHTabHO. OHM BO3HUKAIOT BCIEACTBHE 00Pa30BaHUS JAOMOIHUTEIBHBIX
CBSI3eH MEXIy MOJMMEPHBIMH IIETIOYKAMHU M TOBEPXHOCTHIO TJIMHUCTBIX YACTHUIl MpPU CYIIKE
00pa3loB, KOTJa WX TEOMETPUYECKHE pa3Mepbl CYIIECTBEHHO YMEHBIIAIOTCS W TMPOUCXOIUT
COMIKEHNE MOTMMEPHBIX LIENOYEK W TNTIMHUCTHIX YACTHII.

st aTuX ciyvaeB popmyny (6) ciemyer 3amucarh B BUJIE:
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rae: C — monpaBouHBId KOA(PQHUIUEHT, KOTOPBI YCTAaHABIMBACTCS SKCIEPUMEHTAIBHO U
UCTIONB3YETCST JJISl BCEH CepHM M3y4aeMbIX 00pas3loB. AHAJOTWYHBIM 0Opa3oM MOXKHO yTOYHHTH
(opmyy (7).

B 3axiodeHme cremyeT OCTAHOBUTBCSA Oojee IMOAPOOHO Ha ONpEAeIeHUH CTEIeHU
HaOyxaHusi [ONTOHAOyXalOMMX YacTHIl CHHTE3WPOBAaHHBIX HAHOKOMNO3MTOB. Kak moxa3zana
NPaKTHKA, JUIMTEIBHOCTh HAOyXaHHWs 3aBUCHT OT HPUPOJBI HAaHOKOMIIO3UTA, Pa3MEpOB YACTHII,
KOJINYECTBA KUJKOCTH JJIsi HAOYXaHUSI U MOXKET MPOJIOKATHCS 0 HECKOJIBKUX HE/IEb B OTINYHE
OT CYILIKH, KOTOpasi P KOMHATHOM TeMIlepaType 3aBepiiaeTcs Ha 3 — 4 CyTKu.

B »TOM ciyyae MokeT ObITH MpHUEMIIEMBIM pacyeT CTeNeHW HaOyXaHHs, OCHOBAHHBIM Ha
TOM, 4TO 3aBUCHMOCTH CTETICHH HaOYXaHHUS OT BPEMEHH C BBICOKUM KO3()(HUIIMEHTOM KOPPEIALUH
(R*> 0,98) OMICHIBACTCS yPABHEHHEM:

t

a+bt’ ©)
r7ie: & — CTeleHb Ha0yXaHus, I/T; t — BpeMsi, MUH; a, b — MOCTOSIHHBIE, KOTOPBIE OMPEICIIIIOT
110 HAYAJIBHOMY YYaCTKY dKCIIEPUMEHTAIBHON 3aBuCcUMOCTH & = f (t).

VMess BblYMCIIEHHBIE KOHCTAaHTHI a W b MOXHO, BbIOpaB KOMIIPOMHUCCHBIM BapUaHT,
paccuuTaTh BpeMsi, B TEUCHHE KOTOPOTO CTENEHb HAOyXaHUs JOCTHUTHET 3HAUYCHUM, MTO3BOJISIOMINX
MIPOU3BOAUTH MOCIEAYIOIINE PACUYEThl C KOHTPOJIMPYEMOM MOrPEeHOCThI0. Tak, Hanpumep, eciu
MPUHSATAa B KA4eCTBE OKOHYATECIILHOM Takas CTEMeHb HaOyxaHHs, KOTopas 3a 2 CYTOK
yBenuuuBaercs He Oonee yem Ha 0,5 %, To Bpems, 3a KOoTOpoe HaOyxaHHE JOCTHTaeT 3THX
3HAYCHUM, MOXKET OBITh HaMIEHO M3 3aBUCHMOCTH:

]
_ [©0.005a+14,40)” + 57,6ab]’> —0,005a — 14,4b
0,01
I/ICHOHB?)YSI HOJIyquHblﬁ PE3YIbTAT MOKHO BBIYHUCINUTH UHTCPCCYIOIHNUE 3HAUCHUA CTCIICHU

Ha6y'XaHI/I$I CUHTC3UPOBAHHBIX YAdCTHIL I''TMHOIIOJIMMCPHBIX HAHOKOMIIO3UTOB M HMCIIOJB30BATbH HUX
IJid pacyeTa CTCIICHU Ha6yxaHH51 BO3AYIIHO CYXHUX HAHOKOMITIO3UTOB.

(10)

BreiBOABI

[Ipennoxken  crmoco0®  OIEHKM  CTeNeHH  HaOyXaHHs  CyXUX  TJIMHOIOJIMMEPHBIX
HAaHOKOMITO3UTOB, TIO3BOJIAIOIIUNA COKPAaTUTh BpeMs IMOATOTOBHTEIBHBIX pabOT 3a cHer
WCITOJIB30BAHUS Taphl CBEXKE3AMOIMMEPH30BAHHBIX 00pPAa3I0B, BBIICICHHBIX M3 OO0IIEro oobema
HaHOKoMITo3uTa. OMuH 00pasell Mmocie CHHTE3a M ONPEeICHUs Macchl M1 00beMa MOMENIaloT Ha
CYIIKYy, a Ipyroi — Ha cBoOonHoe HaOyxanue. [1o 3aBepiieHNM CymIkM M HaOyXaHHs TPOLEAYPY
U3MEPEHUS MacC M 00BEMOB MOBTOPSIOT M PE3yJIbTaThl PACCYUTHIBAIOT TI0 TPUBEICHHBIM B padboTe

dbopmynam.
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®enopenxo HO.I'., 3aasepniok I.Il., IMapmummmu I'.Il. METOJIMKA BHU3HAYEHHA
CTVYIIEH HABYXAHHJ I''TIMHOITOJIIMEPHNU X HAHOKOMIIO3UTIB

Y cmammi poszensoaemuvcs cnocid npuckopenozo usHaueHHs CMYNeHs HAOYXAHMA CYXUX 2IUHORONIMEpHUX
HAHOKOMNO3UMIE NPOHUKHEHHSI HA OCHOGL OeHMOHIMOB0l enunu i akpunamioy. Y eionosionocmi 00 3anponoHo8aH020
cnocoby i3 3a2anbHOi Macu 3an0NiMepU308aH020 HAHOKOMNO3UMY 8I00LIAI0Mb 0eKLIbKA 3pA3Ki8 I 6UMIPIOEMbCA IX maca
abo 06’em. Yacmuna i3 HUX BUCYULYEMbBCA, A OpYey YACMUHY NOMiuaroms y 600y 01 eusHauyeHHs HaOyxawus. Ilicia
3aKIHYEeHHA CYWKU | HADYXAHHS RPOYeOYPy BUMIPIOGAHHA MAC (00 €MiB) NOBMOPAIOMb | pe3yTbmamu po3paxoeyloms 3d
HaseoeHuMu y pobomi popmynamu.
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Fedorenko Yu. G., Zadvernyuk H.P., Pavlychyn G.P. ESTIMATION METHOD OF THE
SWELLING DEGREE OF NANOCOMPOSITES CLAY-POLYMER

The method of shortcut estimation of the degree of free swelling of dry intercalated nanocomposites clay-
polymer based on bentonite and acrylamide is considered in the paper. In concordance with a proposed method several
samples are separated from total mass of polymerized nanocomposite and their weight or volume is measured. Some of
them are dried and the other part is placed in water for determination of swelling. After completion of drying and
swelling, the procedure of masses (volumes) evaluation is repeated and the results are calculated by the formula given
in the paper.
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