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Pabota nocesmeHa noxydyeHHI0 HaHOKOMNo3uTa rugpokcua xpoma (I1I) — kaTHOHOOOMEHHHMK ITO-
cpeactBoM BrutoueHuss Cr(OH)s; B mMarpuily CHIBHOKHCIOTHOTO KaTHOHMTA. I MapoKcHIcoAepKaluid Iu-
OpHIHBIA KaTHOHOOOMEHHMK CHHTE3MPOBAINM Ha OCHOBE IOJMMEPHOIO HOCHTENS C CYJIb(OHOBOKUCIBIMU
MOHOOOMeHHBIMY rpynmamu KY-2-8, mosTanuo nepesojs GpyHKIMOHANBHbIE TPYIIIL U3 HaTpueBol B Cr3'-
dbopmy u ocaxknmas runpokcun xpoma (II1) B 3epHO KaTnoHooOMeHHnKka pactBopoM mienoun NaOH. Conep-
JKaHUE XpOMa B HAHOKOMITIO3UTE ONPEEIISUTH 110 KOHIIEHTPAINH BBIMIEIINX B PACTBOP MPOTHBOMOHOB METO-
JIOM MPSMOH MOTEHIMOMETPHU. MOp(hOIOTHIO TOBEPXHOCTH THOPHIHBIX XPOM-TIOJHMMEPHBIX TPAHYI HUCCIIe-
JOBAJIM METOIOM CKaHUPYIOWIEH 3JIEKTPOHHOW MHKPOCKOIMH. DJIEMEHTHBIH aHaJIU3 COCTaBa CKOJa HaHO-
KOMITO3HTa OIPEACISIIN METOJIOM PEHTTEHOBCKOTO HEProAMCIEPCHOHHOTO MUKpoaHanu3a. HalmeHo, 4to
MTOBEPXHOCTh THOPUAHON TpaHyssl ogHOpoaHa. Cepa M HATPUH TOCTATOYHO PABHOMEPHO PacIpezeieHBbl 1Mo
BCEMY 00BbEMY IOJIMMEPHBIX TPaHyJl 32 UCKIIOUYEHHEM BHELIHETO CII0sl, 00CJHEHHOTO 3TUMHU 3JIEMEHTAMHU.
Xpom oOHapyKeH He TOJBKO B IIOBEPXHOCTHOM CJIO€ IpaHysibl TomuuHoK 10—15 MkM, HO 1 B 00beMe 3epHa,
IJle ero KOHIEHTpAlMs CYLIECTBEHHO HIbKe. Pacrpenenenue xpoma 1o o0beMy 3epHa SIBISETCS HEpaBHO-
MepHbIM. [loka3aHo, 4yTo npu nepexojie OT nepudeprn 3epHa K HEHTPY KOHIEHTPALUsI XpOMa IKCIIOHEHIIU-
aJbHO CHIKAeTCs. DJIEMEHTHOE KapTHPOBAHKE MOATBEPXkKAAET, YTO XPOM HAXOIHUTCA B IpaHyje KaTHOHO00-
MEHHUKa B OKHCIEHHOH (opme. [Ipemioxken MexaHu3M (OpMUpOBaHHS HAHOKOMIIO3UTA THIPOKCHI XpoMa
(IIl) — xatmonooOMeHHUK KVY-2-8 ¢ cynb()OHOBOKHCIBIMH HOHOOOMEHHBIMH TpymamMu. B xome peakiumn
MOHOOOMEHHOTO HACHIIIEHUS TIPOMCXOAUT nepexoa nonuta B Cr*-popmy. Ilpu nommenaunBanum peakiu-
OHHOH cpeapl ocanok ruapokcuna xpoma (III) mokamusyeTcst BONMM3W MOBEPXHOCTH KaTHOHOOOMEHHUKA.
®dopmupoanne ocanka Cr(OH); B HaHOpa3MepHBIX TTOpax KaTHOHUTA MPETATCTBYET AU Py3HOHHOMY Tepe-
Hocy noHoB Cr’* 0 HANMPABIEHMIO K €T0 TIOBEPXHOCTH, B TO BpeMs Kak JIOHHAHOBCKOE HCKIKOUEHHE HE MO3-
BOJISIET TUAPOKCHIJIBHBIM MOHAM B JIOCTaTOYHON KOHIIEHTPAlWHU NMPOHUKHYTH JIOCTATOYHO IIIyOOKO B 00BEM
rpaHysisl MoHHTA. Iloka3zaHa BO3MOYKHOCTBH IOJIYYEHHsI HaHOYAacTHI Moau¢ukaropa (THAPOKCHIA XpoMa
(III)) c HepaBHOMEPHBIM pacHpesesieHHeM B 00beMe IpaHylibl, 00bEMHEHHBIX B arjloMepaTbl MHKPOMETpPO-
BOT'O pa3Mmepa.

KaioueBble ci10Ba: HAHOKOMNO3UT, KaTHOHOOOMeHHUK KY-2-8, runpokena xpoma (111)

BBegeHue

B nHacrosimee Bpemsi Bce 0ojbllie MCCIEIOBAHUN HANpaBJIEHO HA IOJIy4YE€HHE T'H-
OpUAHBIX HAHOKOMITO3UTHBIX MAaTE€PHUaIOB HOHOOOMEHHHUK-METAII, YTO OTKPHIBAET HOBBIE
BO3MOXHOCTH JUIsI HOHOOOMEHHHMKOB, KOTOpPBIE IMOC]IE MOIH(PHUKAIMKA CHOCOOHBI BBHICTY-
naTh B POJIM 3JIEKTPOHOMOHOOOMEHHUKOB U IMIPUMEHSATHCA B KaTAIUTHUECKUX, DIEKTPOKa-
TINTUYECKUX U COpOLMOHHBIX npoueccax [1-7]. [Ipu 3ToM HOHOOOMEHHUKH, XapaKTepu-
3YIOIMECS TOPUCTOCTHI0 HAHOPA3MEPHOro MacuTada, CIOCOOHBI BBICTYNATh HE TOJIBKO B
PO HAHOPEAKTOPOB, MIPEJOTBpAIasl arjIoOMEPalMi0 HAaHOAUCIIEPCHBIX YacTHUL, YTO HEOO-
XOJMMO JUIs o0ecriedeHrs: OOJBIION IO KOHTAKTa MEXAy pearecHTaMu B Ipolieccax
copOLuu, HO ¥ UCHOJIb30BaTh €r0 B KaUECTBE MOAAEpKUBAoOIIero Marepuana. Hampumep,
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BBEJICHUE B aHMOHOOOMEHHBIE T'PaHyJbl THIPOKCHIOB MEPEXOJHBIX METAJIOB, BHICTYIA-
IOIIMX B POJIU COPOEHTOB M MPUMEHSIEMbIX JUISI OYMCTKH BOJbI, MTO3BOJUT HCIIOJIB30BATh
3aKpeIJICHHBI Ha HOCUTENE COPOCHT B COCTaBE JIEMEHTOB KOJIOHHOTO THma. [Ipeumyiie-
CTBOM TaKUX TMOPUAHBIX MaTEpPHAJIOB 10 CPABHEHUIO C OKCHIaMHU METAJUIOB, CHHTE3UPYe-
MBIMH OOBIYHO B (pOpME€ CYCIICH3WH, SBISICTCS OTCYTCTBHE MPOOJIEMBI BO3MOXHOTO 3a-
TPSA3HEHUS] OUYMIIEHHOW BOJABI HAHOCTPYKTYPHPOBAHHBIMU COpOCHTaMH. DTO OTKPHIBACT
HOBBIE BO3MOKHOCTH ammapaTrypHoro ohopmieHus COpOLMOHHON OYHCTKU BOJbL. Eie
OJTHUM IIPEUMYIIECTBOM 3aKpEIUICHUs] HAHOCOPOEHTOB Ha MOJIMMEPHOM HOCHUTEIIE SBIISET-
Csl TIOJTyYEHUE «aKKyMYJIUPOBAaHHOI» (hOpMbI HAHOYACTHII, YTO YHPOILAET MPOLEAYPY UX
IPUMEHEHHU U yTunu3anuu (8, 9].

KaramuzaToper Ha ocHoBe okcuaa xpoma (III) mpumensitorcss ans razodazHoro
okucinenus HCI [10]. T'mapoxcun xpoma (III), obnamaer Hanbombleit (0 CpaBHEHUIO C
Ipyrumu d-MeTaiiaMH) KaTaIUTUYECKOM aKTUBHOCTBIO MPH PA3JIOKEHUU MOJIEKYJ BOIbI
Ha TPaHUIE KATHOHO- 1 aHOMHOOOMEHHOTO cJI0eB OumnosisipHoit MmemOpansl [11, 12]. B cBs-
34 C 3TUM aKTyaJIbHOM 3ajayeil SIBJIAETCS MCCIENOBAHHE 3aKOHOMEPHOCTEH pacmpeaerie-
HUS XpoMma B CyNIb(OKaTHOHOOOMEHHMKE (11 PUMEHEHHUsI B CAMOCTOSITENbHOU (opme
WJIM B COCTaBE HOHOOOMEHHOM MEMOpaHBbI).

Lesb HACTOSIIIETO KPATKOTO COOOIIEHUS — MOyYeHHEe HAHOKOMITIO3UTa THIIPOKCU
xpoma (III) — xatmonooOmMennuk BrirodeHreM Cr(OH)s B maTpuily CHIBHOKHCIOTHOTO
KaTUOHHMTA.

dKcnepuMeHTanbHasa 4YacTb

CuHTEe3 THIPOKCHJICOAEPIKALIETO THOPUIHOTO KaTHOHOOOMEHHHKA TIPOBOJUIN Ha
OCHOBE TMOJIMMEPHOTO HOCUTENS € CYJIb(OHOBOKUCIBIMU HOHOOOMEHHBIMU TpynnamMu KVY-
2-8. Heopranmueckuii ocagok Cr(OH); BBoguim B KaTHOHHUT B JiBa dTama. [Ipexe Bcero,
(QyHKIMOHANBHBIE TPYNIbl KOJIMYECTBEHHO IMEPEeBOAMINCH U3 HaTpuesoit B Crl'-popmy,
[0CJI€ Yero PacTBOPOM MIENOYM ocaxaainu ruapokcus xpoma (III) B 3epHO KaTnoHO0O-
menHuka. Ha nepBom srane karuonut B Na'-popme (R-SO3"Na*) maccoit ~1.0 r momemia-
M B KOHHYECKYyI0 KonOy u obpabaTeiBamu pactopoM Cra(SOs)s (50 cm?, c(1/3Cr*")=
0.25 mons/nm?) mpu 20°C B Teuenue 1 yaca TIpu HEMpPepHIBHOM NepeMernnBanuu. Ha BTo-
poM sTare OTPHIBTPOBAHHBIN NMPOMEKYTOUHBIH MPOAYKT momemnianu B pactBop NaOH
(50 cm?, ¢=0.1 mons/am>). CozepkaHue XpoMa B KOHEYHOM MPOAYKTE OMpENeNsin, OT-
CJIeKHMBAsi KOHIICHTPALMIO BBIIEAIINX B PACTBOP IPOTUBOUOHOB METOJOM IPSIMOM MOTEH-
IUOMETPUHN HEMOCPEACTBEHHO BO BpeMsl MIPOTEKAHUS peaklUy HackleHus. Mopdonoruto
MOBEPXHOCTH THOPUIHBIX XPOM-TIOJTUMEPHBIX TPAaHYI UCCICNOBAIHM C MPUMEHEHUEM CKa-
HUPYIOLIEH 3JIEKTPOHHON MUKPOCKOIHMH Ha PACTPOBOM 3JIEKTPOHHOM MHKPOCKOIIE C KaTo-
nom mioneBoit amuccun Quanta Nova (FEI, 'onmnanaus) B pexxumMe BTOPUYHBIX DJIEKTPO-
HOB. DJIEMEHTHBIM aHau3 COCTaBa CKOJIA IPAHYJIbl BBIMOJHSIIA HA MPUCTABKE IHEPTOAMC-
nepcuonHoro ananuza EDAX (CILIA).

O6cyxaeHue pe3ynbTaToB

B xauectBe mcxomHoro marepmana s ocaxkaeHus ruapokcuna xpoma (III) mc-
noab3oBanicss KY-2-8 — CUIBHOKUCIOTHBIN KaTHOHUT, COAEPKAIIUN CYIb(OHOBOKUCIIBIE
rpynmsl (B Komumdecte 4.0 Mr-3kB 1! cyxoit cmomnb). Ocafiok ObIT BBEJEH B MaTpHUIly B
pe3yabTaTe CIEeYIOIUX PEAKIUM:

- HOHOOOMEHHOT'O HACBILICHHUS:

3R-SO3'Na® + 1/2Cr2(S04)3 = (R-SO3)3Cr*" + 3/2NaxSOq; (1)
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- obpazoBanus TpyaHopactBopumoro Cr(OH)s3:
(R-SO3)3Cr** + 3NaOH = [R-SO3"Na*]3-Cr(OH)s. (2)

4

HY det z mag (]| X: -3.5985 mm [e— 1L Re—
30.00 KV | ETD | 5.6636 mm | 500x | y: 0.6526 mm BelsU

Puc. 1. COM-u300pakeHre MOBEpXHOCTU TPaHyJIbl HAHOKOMIIO3UTHOTO KATHOHUTA
Fig. 1. SEM image of the surface of a nanocomposite cation exchanger granule

Kax BuaHO U3 puc. 1, TOBEpXHOCTh THOPUIHON TpaHyibl OJHOpOAHA. MukpodoTo-
rpaduu COM ckoia rpaHyisl (puc. 2) MOKa3bIBAIOT, YTO OHA UMEET MOJIMMEPHYIO Cep/lLie-
BHHY, B KOTOPOH pPaBHOMEPHO pacIpeieieHbl HEOOIbIINEe KPUCTAIIMUYECKHE BKIIOUCHUS
pa3Horo pa3mepa B 3aBUCUMOCTHU OT CTETICHHU YAAJCHUS C IOBEPXHOCTH BIIyOb IpaHyJIbl, U
BHEIIHUHA KPYIMHOKPUCTAIUIMUECKHUI ciiol TonmuHoi 10-15 mMxm. B nameit pabdote [13]
Obut0 MoKaszaHo, yto ruapokcun xpoma(lll) mpu BBeneHHH B CyIb(POKATHOHOOOMEHHUK
HAXOJHUTCSI B HAHOPa3MEPHBIX MOpax M KaHaJlax MOHUTA, BXOSIIETO B COCTaB MEMOpPaHbI,
a onpezensieMble MUKpockonuuecku Cr-cozepikaliye 4acTHIlbl Moan(duKaTopa mpeicTaB-
JSI0T co00# KOHTIOMepaThl HaHo4YacTuIl ¢ pazmepoM 10-40 um. Ilo Bceit BumuMocTu, aHa-
JIOTMYHAs CUTyalusl Hab0aeTcsl B TAaHHOM citydae (YCJIOBUS BBEACHHUS THIPOKCHIA XPO-
Mma (IIT) B KY-2-8 B HacTosmieit pabote u B MemOpany Mb-2 B pabore [13] uaeHTHYHBI).

5 MKm

Puc. 2. COM-u300paxeHus CKojia MOJy4eHHBIX TPaHyJl
HAHOKOMITIO3UTHOI'O KaTUOHUTA
Fig. 2. SEM images of the cleavage of the obtained granules
of the nanocomposite cation exchanger
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Ha puc. 3 npencraBiensl n300pakeHUs, TTOKA3bIBAIOIINE AIEMEHTHBIM COCTaB CKO-
Jla TPaHyJIbl OJYYEHHOTO THOPUIHOTO TOJMMEPA, YTO TIO3BOJIMIIO MPOAHATU3UPOBATH CO-
nepxanue O, Cr, S u Na B pa3HbIX 4acTsAX KaTHOHHUTA. Pe3ynapTarhl MOKa3aau, 4To cepa u
HATPUN OCTATOYHO PABHOMEPHO PACIPEAETCHBI 10 BCEMY 00bEMY MOJIMMEPHBIX TPaHyI
3a UCKJIFOUEHUEM BHEIIHETO CJI0s, 00ETHEHHOr0 3TUMHU 3JE€MEHTaMU. XPOM HaXOJUTCS B
HEMOCPEJICTBEHHON OMU30CTH OT 00OJOYKH T'PaHYJIbI, a TAK)KE Ha BHEIIHEH MOBEPXHOCTH
chepuyeckoi yacTuipl. DnemMeHTHas kapta Cr i HCClIeyeMbIX 00pa3IloB MOKa3bIBACT,
YTO XpOM OOHApyXeH HE TOJBKO B IIOBEPXHOCTHOM CJIO€ TpaHybl TOMMUHONW 10—15 MKM,
HO U B o0beme 3epHa. OHaKo ero 00beMHOE CofiepKaHe HaMHOTO MEHbIIIe, a pacipe/e-
JeHue mo o0beMy 3epHa SBISETCS HEPABHOMEPHBIM: MPHU yJAICHUHU OT TOBEPXHOCTH B
r1yOb IpaHylibl cojiepKaHue XpoMma yMeHblnaercs. KucinopoaHas kapra coBmagaeT ¢ pac-
MpeesiCcHHEeM XpoMa Ha CKOJIE€ TpaHyJibl, YTO CIY>KUT CBHJIETEIBCTBOM TOIO, YTO XPOM
HaxOJIUTCA B OKUCIEHHOU dopme. KonmmuecTBeHHBIN aHAIN3 OTHOCUTEILHOTO COICPKAHUS
XpoMa B 3€pHE MO3BOJIMI MOJTYYUTh IPaQUUeCcKyI0 3aBUCUMOCTh PaCHpeleICHUsT MeTalia
B rpaHyJjie B paJuaJibHOM HampasiieHuH (puc. 4). Buano, 9to npu nepexojie ot nepudepun
3€pHa K LEHTPY KOHLIEHTPALMsI XpOMa 3KCIIOHEHIIMAIbHO CHUYKAETCl.

KHACTIOPON

Puc. 3. Kaptsl pacnipenenenus snemeHToB S, Na, O u Cr, 3aperucTpupoBaHHbIE
Ha CKOJIaX MOJYYEHHbIX THOPUAHBIX MOJMMEPHBIX TPaHYI
Fig. 3. Distribution maps of S, Na, O, and Cr elements recorded on cleavages
of the obtained hybrid polymer granules
cc, [
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Puc. 4. 3aBUCUMOCTb OTHOCUTEIBLHOM KOHLIEHTPALIUU XpoMa
(110 OTHOIICHHUIO K OOMEHHOM €MKOCTH) OT paJinyca 3epHa CyJb(POKaTHOHOOOMEHHUKA
Fig. 4. Dependence of the relative concentration of chromium(in relation
to the exchange capacity) on the radius of the grain of the sulphonic cation exchanger
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Puc. 5. ®opmupoBanune HaHokommo3uTa ruapokcua xpoma (III) —
KaTnoHOOOMeHHUK KVY-2-8
Fig. 5. Formation of nanocomposite chromium (IIT) hydroxide —
KU-2-8 cation exchanger

OnucaHHble BBIIIE OCOOEHHOCTH B3aUMOJICHCTBUS XpoMa U CYIb(OKATHOHOOO-
MEHHHUKA MO3BOJIAIOT MPEATIOKUTh CIEAYIOIUN MEXaHU3M (OPMUPOBAHUS HAHOKOMITO3UTA
ruapokcua xpoma (II1) — katnonooOMennuk KY-2-8 miist paccMOTpEHHBIX YCIIOBUH CUTE3a
(puc. 5). IIpu peakuuy HOHOOOMEHHOTO HACHIIIEH s HOHUT nepexoauT B Cr’*-dopmy. Ipn
NOJUIEIaYMBaHUM PEaKLMOHHOM cpelbl ocagok ruapokcuga xpoma (III) moxammsyercs
BOM3u noBepxHocTh. Cr(OH)3, ocaxaeHHBIA B MOpax KaTHOHUTA, MPENATCTBYET nuddy-
3un uoHoB Cr’* k moBepxHOCTH, a JIOHHAHOBCKOE HMCKJIIOUEHHE He MO3BOJIAET THAPOK-
CHJIbHBIM MOHaM B JJOCTATOYHOM KOHILEHTPALUU IPOHUKHYTH ITyOOKO B TPaHyIly.

3aknoyeHue

IMaapoxcun xpoma (II1) MoxeT ObITH BHEAPEH B MAaTpPUIly CYIh(HOKaTHOHOOOMEH-
Huka KY-2-8 nyrem nocnenosarensHoit 00paboTku katuonuta conbio xpoma (III) u pac-
TBOpoM 1enoyu. [lomydeHHbII THOpUIHBIA TOMUMEpP XapaKTepU3yeTcs TpaJueHTHBIM
pacrpenielieHueM XpoMa: OH COCPEJOTOUEH MPEUMYIIECTBEHHO BOJIM3H MOBEPXHOCTH 3€p-
Ha (cioi TommmHOM 10-15 MKM), TpH TIEpeMENIeHNH OT TTOBEPXHOCTH BIiIyOb 3€pHa €ro
KOHIIEHTPAIUsl SKCIIOHEHITMAILHO TagaeT. TakuM 00pa3oM, MoKa3aHa BO3MOXKHOCTh MOy~
YeHUs HaHo4acTUI] Moaudukaropa (ruapokcuaa xpoma (III)) ¢ HepaBHOMEpHBIM pacripe-
JeJICHHeM B 00bEMe TpaHyIibl, 00bEIMHEHHBIX B arloMepaThl MUKPOMETPOBOTO pa3Mepa.
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Synthesis of a chromium (lll) hydroxide nanocomposite —
KU-2-8 cation exchanger

© 2020 Kozaderova O.A.

Voronezh State University of Engineering Technologies, Voronezh, Russian Federation

The study is devoted to the preparation of a chromium (IIT) hydroxide nanocomposite - cation ex-
changer by the inclusion of Cr(OH); into the matrix of a strongly acidic cation exchanger. A hydroxide-
containing hybrid cation exchanger was synthesized based on polymer carrier with KU-2-8 sulphonic acid
ion-exchange groups, step by step transferring functional groups from sodium to Cr**-form and precipitating
chromium (III) hydroxide into the grain of the cation exchanger with an alkali NaOH solution. The chromi-
um content in the nanocomposite was determined based on the concentration of counterions released into the
solution by direct potentiometry. The surface morphology of hybrid chromium-polymer granules was inves-
tigated by scanning electron microscopy. Elemental analysis of the composition of the cleavage of nanocom-
posite was determined by the energy dispersive X-ray analysis. It was found that the surface of the hybrid
granules was uniform. Sulphur and sodium were fairly evenly distributed throughout the entire volume of
polymer granules, with the exception of the outer layer depleted in these elements. Chromium was found not
only in the surface layer of the granules with the thickness of 10-15 um, but also in the bulk of the grain,
where its concentration was significantly lower. The distribution of chromium throughout the grain was une-
ven. It was shown that the chromium concentration decreased exponentially from the grain periphery to the
centre. Elemental mapping confirmed that in the cation exchanger chromium granules are in oxidized form.
The mechanism for the formation of a chromium (III) hydroxide nanocomposite - KU-2-8 cation exchanger
with sulphonic acid ion exchange groups was proposed. During the ion-exchange saturation reaction the tran-
sition of the ion exchanger into the Cr**-form takes place. A precipitate of chromium (III) hydroxide was
localized near the surface of the cation exchanger during the alkalizing of the reaction medium. The for-
mation of Cr(OH)s precipitate in the nanosized pores of the cation exchanger prevents the diffusion transfer
of Cr*" ions towards its surface, while the Donnan exception does not allow hydroxyl ions in sufficient con-
centration to penetrate deep enough into the volume of the ion exchanger granule. The possibility of obtain-
ing nanoparticles of a modifier (chromium (III) hydroxide) with an uneven distribution in the volume of
granules, combined into micrometer-sized agglomerates, has been shown.

Keywords: nanocomposite, cation exchanger KU-2-8, chromium (III) hydroxide
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