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MOJAN®IKAIIA KAPTOIUIAHOTO KPOXMAJIIO XJIOPAHTIAPUIOM
ITPOITIOHOBOI KUCJIOTU TA PI3UKO-XIMIYHI JOCI/IZKEHHA OJAEPXKAHOI'O
IMPOAYKTY

HaujonanbHuii yHiBepCUTET XapyoBUX TexHoJoriid, M. Kuis

B crarTi HamaHi pesympTaT MOAMQIKAITIL KAPTOIDITHOTO KPOXMAIIO XJIOPAHTIIPIIOM IIPO-
MIOHOBOI KMCIOTH Ta (PI3MKO-XIMIYHI XapaKTepHUCTUKI OAepsKaHOTo IIpoaykTy. Ha oc-
HOBI JiTepaTypHUX AaHWX 3alIpOIIOHOBAHO 3pYUHMII MeTod Moaudikalri KpoxMmanamo 3
BUKopucTaHHsIM auMeTuicyibdokerny (AMCQO). ObpaHnii po3uMHHUK MIUPOKOTO 3a-
CTOCYETBCS B OPTaHITHOMY CHHTE31, OCKUIBKI HMOBHICTIO PO3UMHHUN Y BOII, IO JO3BO-
JISIE TIOBHICTIO BUOAMMTH HOTO 3aimmKkuy mmicis peakiri. Kpim Toro, IMCO Mae HU3BEKY
TOKCHIHICTH, 3aCTOCOBYETBCS B SIKOCTI JKApChKOro 3acoby y dapmanentumi. B saxocri
Moamdikaropa obpaHa IPOMIOHOBA KUCIOTA, SKa ITMPOKO BUKOPUCTOBYETHCA B Xap-
JOBiil IPOMHUCIIOBOCTI SIK XapuoBa mo6aska E 280. Bubip HaBegeHIX BUXiTHIX pearcHTIB
OOYMOBJICHIIT TOAAJIBIIIM BUKOPUCTAHHIM OePsKaHOTO IIPOAYKTY B XapUoBiil IIpoMuc-
JnoBocTi. 3a momomoro SAMP Ta eleMeHTHOro aHai3y BCTAHOBJICHO CTYIIIHb 3aMIINCH-
HS Y MOJIEKyJIl KpOXMalIo, sIKIil ctaHoBUTE 1:1. B IY-cmexTpi MoampikoBaHOTO KpoxMa-
50 HasiBHa cMyTa 1pu 1731 em !, mio xapakTepHo it KoiauBaHb C=0 y ckiazai ecTepHOL
rpynu. PentrenodazoBrii aHami3 HATUBHOIO Ta MOOM(IKOBAHOTO KPOXMAJIB IIOKA3aB,
10 aIVUTyBaHHS IIPU3BOANTE 0 3MEHITIEHHAM KprcTamiaHoi dasu 3 12% no 2%. 3 BuKo-
PUCTAHHSIM ONTIYHOL MIKPOCKOIIii BCTAHOBJICHO, 110 MOAMQIKAIIST KapTOIULTHOTO KPOX-
MAaJIIO XJIOPaHTIIPUIOM MIPOITIOHOBOL KHCIOTH 3MIHIOE po3Mip Ta opMy 3epeH Kpoxma-
0. 3a JaHUMA TepMOTPaBIMETPIIHOTO aHAli3y BCTAHOBICHO, IO MEXaHI3M pO3KIIaIaH-
HI MOAM(IKOBAHOTO KAPTOIDLTHOTO KPOXMAIIO OUIRIN CKIAAHWI, HIX IO BUXiTHOTO
HATUBHOrO KpoxMamo. Ile miarBepmkye e(eKTUBHICTE 3aIIpOIIOHOBAHOIO CIIOCO0Y omep-
KaHHS eTepU(IKOBAHOIO KPOXMAJIO.

Knrouosi cioBa: HaTUBHUI KpOXMalib, eTepu(DiKOBAHUN KpOXMalib, aruinyBaHHs, [H-criek-
TPOCKOIIiSI, peHTTeHo(a30BUil aHami3, TepMmoais, AMP-cmekTpockomis.

Bemyn

Iomicaxapyau Ta IX IIOXiMHI BUKIMKAXOTE II0-
CTIMHUI iHTEpeC MOCIIMHUKIB, IO OOYMOBIEHO
IIUPOKNM CIIEKTPOM 3aCTOCYBAHHS ITMX PEUOBUH B
pi3HUX ramy3sax npoMucioBocTi. Momudikamis
KPOXMAJIK JTO3BOJISAE 3MiHIOBATH HOTO (hi3zuKo-
XiMIYHI BJIACTUBOCTI Ta CTBOPIOBATH HOBI Marepi-
aTu 3 KOPUCHUMM BIACTUBOCTAMM. 30KpeMa, MO-
mudikoBaHi KpoxMaii (xapuosi mobasku E 1400—
E 1451) 3acTOCOBYIOTh B Pi3HMX Taly3:JX XapdoBOI
MIPOMUCIOBOCTI: KOHAWTEPCHKIil, XIi00IIeKapCchKil,
NMUBOBAPHINA, M’ICO-MOJIOUHINA, XapYOKOHIEHT-
paTHIl, a TaKOX I TEeXHIYHUX ITiIed: B TeK-
CTIJILHIN, ITAIIEPOBIA raiay3sax IIPOMUCIOBOCTI, IS
crabinizanii Ta 06poOKY GYPOBUX PO3UMHIB Y Had-
TO- Ta ra3opumobyBanHi [1]. Kpoxmari, momudiko-
BaHI XI0pUAHOW, dochaTHOWw, CyIb(haTHOK KUC-

JIOTaMHU, OLITOBUM AHTIAPUIOM, OLTOBOIO Ta OypIII-
THHOBOIO KUCIOTAMU, TIIPOKCUIOM KaJlilo, IIepCyib-
¢haroM aMOHI0 TOIIO, IIPOMUCIOBO BUPOOISIOTHC
y baraThboxX KpalHax CBITY.

3HAaYHa KUIBKICTH POOIT CTOCYETHCS B3a€EMOJIIT
PI3HUX BUIIB KPOXMAIIO 3 IIOXiTHMM OKTE€H CYKITHU-
HiTy [2], XIOpaHTimpumaMyu XUpHUX KuciaoT [3.4],
MPOIIIOHOBUM aHTimpumoM [5].

OcCKUIbKM MaTepiali Ha OCHOBI KPOXMAJIO
HiIIarThed OiogecTpyKIlil, IIKaBMM € IX 3acTOCy-
BAaHHI B AKOCTI IIOJIMEPHMX MAaTPUIb JUII BHIO-
TOBJIEHHS €KOJIOTIYHO YMCTUX IaKyBaJIBHMX MaTe-
piaxis [6].

Peaxutis mommgikarrii BigbyBaeThes, IK IIpa-
BIJIO, IIUIIXOM B3a€EMOIIl KPOXMAIIO0 3 XJIOPAHTII-
pUIaMI KUCJIOT B OPTaHIYHMX PO3UMHHWKAX — IIipHU-
JUH, Toayolu, auMeTwiidopmamin, N,N-auMmeTui-
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ametaming. OmHAaK, OpraHiyHI PO3YMHHWKHM € TOK-
CHUYHIMU Ta B&KKO BUAAISIOTHCS 3 KIHIIEBOTO TIPO-
IYKTY, IO TIePeITKOMKAE BUKOPVICTAHHIO B XapJOBilt
Ta (apMaleBTUUHIN IIpoMucioBocTi. Jesgki aBTo-
pu [7] IpOHOHYIOTH METOHA CHUHTE3Y eCTepiB XKUp-
HUX KHUCIOT KpOXMajaio 0e3 PO3UMHHUKIB SIK
HAMGLIBII e(heKTUBHUN, TIpOTe LI METOI Ma€e CBOI
HEJIOJIIKH.

S cBIigUMTH aHAaIi3 JIiTepaTypHUX IXepell,
OUTBIIICTD 3AIIPOIIOHOBAHMX cXeM MoauQikarii mmosmi-
caxapumiB OaraTocTamiiiHi, CKiIamgHi, IIOTpeOyIOTH
JIOPOTMX 1 TOKCMYHMX PEareHTIiB, IO HEIIPUIIYCTH-
MO JUTI Xap4doBoI IIPOMUCIIOBOCTL. Bee Buie3azHa-
YeHe YCKIATHIOE BIPOBAIKCHHS B IIPAKTUKY HO-
BUX MOAU(DIKOBAHUX MOXITHUX Kpoxmanw. Orxe,
CHHTETUYIHMI TOTEHITia]l KPOXMATIO HaJIeKO He BU-
YepHaHUN.

MeTorw Hamol pobGoT OyI0 HOCIIIXKEHHS
MoauGikaril KapTOILUISHOIO KPOXMAIK XJIOPAHTi/I-
PUIOM IIPOIIIOHOBOI KMCIIOTU 3 METOIO IIOHAJIBIINO-
ro (hi3sMKO-XiMIiTHOTO BUBYEHHS OIEPKAHOIO IIPO-
IyKTy. MU IIPOIIOHYEMO 3pYYHMII MeTom Momudi-
Kallii KpOXMAaI}0 IIpY BUKOPUCTAHHI B IKOCTI PO3-
YUHHUKA AuMeTwicyiabbokcuny (AMCO). Ileit
PO3YMHHUK, IIIO HAOYB IITHPOKOTO 3aCTOCYBAHHS B
OPraHiYHOMY CHHTE3i, MA€ HU3KY IIepeBar, OCHOBHOK)
3 SIKMX € MOT0 IIOBHA PO3YMHHICTG Y BOMII, IO H03-
BOJISIE IIOBHICTIO BUAATIWUTY MOTO 3aIUINKM IIICIIT pe-
axatii, 1o Toro x JIMCO Mae HU3BKY TOKCHYHICTD,
3aCTOCOBYETHCI B SIKOCTI JIIKAPCHKOTO 3acoly y
hapManeBTUI, HAIPUKIIAMA, IIPOTU3AITAIEHUI 3acih
«JImmexcuny». IlpomioHosa xucimora obpaHa HamMu
Yy 3B’43Ky 3 THUM, III0 BOHA € XapyOBOK IT00ABKOIO
E 280 Tta ycmimmo 3acTOCOBYETLCS B SIKOCTI KOH-
CepBaHTy.

Excnepumenmaavna wacmuna

B poboTti BuUKOpHCTOBYBaIN KapTOILLTHUI
kpoxmaiip Buioro copry JCTY 4286:2004 (Bupo6-
auk TOB <«Asrycrt-Kuit»), mpolrioHoBa KucioTa
T'OCT 32746-2014. Pozunnuuku — AIMCO, JIM®A,
MeTaHOJI, eTaHOIL

IliaroroBKa Kpoxmaiio BUKOHYBAJIACSI HACTYII-
HUM YMHOM: B K010y Ha 500 cv® nomimranu 100,02 T
KAPTOIULTHOIO KPOXMAIIO, I €IHYBAIM A0 BOIO-
CTPYMEHEBOIO Hacoca i HarpiBajiM Ha KUIDIIYiiA
BOISHIN Oani mpotdaroM 8 rod. Buxim mpomyxTy:
88,00 T (BTpaTa BOJIOTY 3a PAXyHOK CYIIHHST 12%).

CuHres XJIOpaHTIAPUIY IIPOIIOHOBOI KMCIIO-
TH BUKOHYBAIM 33 HACTYIIHOIO CXEMOIO:
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B Ttpuropaumit peaxrop Ha 50 cM?, obiamHAa-

HUI MAarHiTHOIO MIIIAJIKOXO 3 IIOIirpiBOM, Kpaleib-
HOIO JIHMKOK, TEPMOMETPOM 1 3BOPOTHUM XOIOIMIb-
HUKOM 3 JIYWILHUKOM Ta3y i Ta30BiIBimHOIO TpyO-
Koo, momimamm 18,5 r (0,25 Monb) HPOITiOHOBOI
kucioru. IIpu mepemimryBaHHI depe3 KpalleIbHY
MUKy HEBEIMKUMU HOpHisMM gomasaiu 32,7 T
(0,275 momp) SOCI,. CrocTepirany coxiltHe BUIi-
JIGHHS Ta3y 1 HEBEJIMKWI PO3ITrpiB peakiliiiHoI MacH.
Yepes 1 rog gomasaym kparrmo JIM®PA, temmepa-
Typy migrpuMmyBaiu Ha pisHi 40—45°C me npors-
rom 1 roa. Hagmmmox SOCL, Bigransiy 3a KiMHat-
HOI TeMIlepaTypu y BaKyyMi BOZOCTPYMEHEBOIO
Hacoca.

ITinroroska IMCO mpoBomgmiiacss HACTYITHUM
gyproM. 300 cM? JIMCO BuTpuMYyBaIu HaI IIpoXa-
peruM 3a TemuepaTypu 400°C CaO mporsrom 2 mib.
Hami IMCO nepeHocwin B XKoinby Ha 500 cwM® i
pogasam 30 cv?® cyxoro GeHseHy. 3aIUIIKU BOIU
BimirHaau 3a arMocepHOro TUCKY Y BUIJISIAL ase-
otpoiry 3 6enzernoM, JIMCO meperansim y BakyyMmi
BOIOCTPYMEHEBOTO HACOCa.

Ecrepudikania xkpoxmamo XIOpaHTIAPUIOM
IPOIIIOHOBOI KWCIIOTU BigOyBajacs BIOIIOBITHO IO
HACTYIIHOI PEeaKIiiHOI CXeMU:
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B Tpuropaumit peaxrop Ha 150 cM?, obnamgHAa-
HUI MAarHiTHOIO MIIIAJIKOXO 3 IIOIirpiBOM, Kpaleib-
HOIO JIHMKOK, TEPMOMETPOM 1 3BOPOTHUM XOIOIMIb-
HUKOM 3 JIYWILHUKOM Ta3y i Ta30BiIBimHOIO TpyO-
xo1o, momimama 1,8 T (0,01 MoIb v po3paxyHKy Ha
TTIOKO3Y) BHCYIIEHOTO KpoxMaimo i 25 cv® 6e3Bom-
Horo JIMCO. Ilepemimysamm mpotsaroM 3 Tod 3a
temiepatypy 70°C 10 yTBOPEHHS IIPO30pOro 6Ges-
GapsHoro aparmo. Jlam 3HiManu Harpis 1 gomaBain
0,04 r K,CO; (mpubmsao 2% Bim Macu Kpoxma-
o). Ilpy mepeMmimryBaHHI KpalUISIMM TOMABATIU
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3,7 1 (0,04 MOIb) XITOPaHTIAPUIY IIPOIiIOHOBOI KIIC-
noru. Peaxitifina Maca rycrimaia i TeMirepaTrypa
nigaimanacsa go 70°C. Yepes 1 rox peaxumiiina mMaca
IIepeTBOPIOBAIACH HA IyKe TYCTUH Ipareib CBIiTIO-
JKOBTOTO KOJLOPY, TeMIleparypa 3HIDKYBalIach IO
KiMHatHOI. Jlami momasaau 75 cMm® MmeraHony abo
e€TaHOIy Ta IHTEHCHBHO IEPEMIIIYBAIM IIPOTATOM
1 rox. Binmit ocan, mo BUIIaB, BiadinsTpoBYBaIN Y
BaKyyMi BOIOCTPYMEHEBOIO HACOCY 1 IIPOMUBAIN
MeTaHOJIOM abo etanomoM (4x20 cv?®). OTpumaHmit
MOPOJIYKT CYIIVIM Ha IIOBITPl 3a KIMHATHOI TeMIIe-
parypu. Buxkopuctana MeTogMKa BiIPI3HAETHCI Bil
METOIMKI 3aIIpOIIOHOBAHOK aBTOpaMu [8] mocTyii-
HICTIO Ta BUKOPUCTAHUMU peareHTaMH.

IY-crnexTpoMeTpryH] TOCITIIKEHHS 3IIMCHIO-
paymchk Ha mpwiagi Nexus-475 ¢ipmu Nicolet, B
Tabserkax 3 KBr.

PenTtrenodazoBuit aHasi3 IpoOBOIMBCS HA TIPU-
nmami IPOH-3M y BunpominioBanui CuK, 3 Ni
dimsrpom; U=35 xB, [=20 MA; xyT nepemimieHas
miymwrsaKa A20=0,04% gac mimpaxyHKy iHTeHCHB-
HocTi 3 c.

TepmorpaBiMeTpUIHI TOCITIIKEHHSI IIPOBOIN-
jmceh BimnoginHo o TOCT 29127-91 Ha npwiani
Q-1500B B atmocdepi mosiTpg, 10°C/xs.

AMP-cnexTpu peectpyBamu Ha SIMP crexr-
pomerpi MERCURY, ¢ipmu VARIAN, 400 MInt
B po3uuHi JIMCO—d,.

Pezyaomamu ma ix obeo6opennsn

14-cnexmpomempuuni docaioxcenms

OCHOBHIM MeTOHOM HOCIIIKEHHS 3MiH, IO
BimOy/IMCh B pPe3y/bTaTi peakilil alIyBaHHI KPOX-
Mamo obpanuii Meton IY-crexrpockormii. Bxe mo-
cuTh gaBHO [Y-CIIeXTpoCKOIia BUKOPUCTOBYETHCS
T TOCIIIDKeHHS Xap4OBUX IIPOAYKTIB. OcTaHHIM
JacoM 3’gBMIIACh HU3Ka myOmikamiin [9,10] B saxux
HaBOAATHCA maHi [Y-crexTpiB IpupoIHUX II0IIMepiB
Ta IX IHTepHIpeTalris.

IIpu anmamizi IY-crexTpiB HATUBHOIO Ta €Te-
pudikoBaHOTO KpoxMano (puc. 1) MU IpoaHamizy-
BaI HeXapaKTepUCTUIHY OUTSHKY crekTtpa (400—
1000 cm™). Sx BuaHO 3 puc. 1, 3pa3Kyu BUXiTHOTO
HATUBHOTO KapTOIUITHOTO KPOXMATI0 Ta eTepudi-
KOBAHOTO IIOXITHOTO MAlOTh PI3HUI CHEKTp Ha IIiit
Horo mpursHI. AKX Bimomo, B IIiil YaCTWHI HPOSIBIII-
IOThCS YHUCEJIbHI BaJIeHTHI KOJIMBaHHS 3B’SA3KiB
C—C, C—N, N—O i zedopmalriitii KoITuBaHHS, 11O
MIPAKTUYHO HE IIIHAlOThCA IIEBHOMY BiTHECEHHIO.
11 mitssHKa KONMMBAHL BYIJIEIIEBOTO CKEJIETY MOJIE-
KyJIM YYTIMBO pearye Ha He3HAYHi 3MIHU yV CTPYK-
TYPl MOJIEKY/IN.

HexapakrepycTiaHi KoImBaHHS CKIIAIAIOTh
OCHOBHY YaCTUHY CHEKTPY 1 IJI1 KOXKHOI PeIOBUHU
YTBOPIOIOTH CBIil HEOBTOPHMI HAbip cmyr. He icHye

CIIOJIYK, 3a BHHATKOM €HAHTIOMEpIB, fAKi Maiu O
ogHakoBi IY-crexTpu. 3 miTepaTypw BigoMo, IO
caMe ITUM (PaKTOPOM KOPUCTYIOTHCI TSI BCTAHOB-
JIeHHS TOTOXHOCTI peYoBHMH, TakK AK 30ir
IY-crexTpiB € IepeKOHIMBUM JOKA30M igeHTH-
YHOCTI 3pa3KiB, IO TOCIIIKYBAIUCS.

B nammromy BUmaaxy 3pa3ok BUXiITHOTO HATUB-
HOTO KapTOIUITHOTO KpoxMmamwo (puc. 1,a) MicTUTh
HU3KY KOJIMBAaHb HEXApaKTePUCTUYHOI IUITHKU,
3okpema 982 cm !, 923 em L, 856 cmt, 764 cm
710 em 1, 610 em L, 573 em L, 523 em !, a B cexTpi
3pa3ka eTepudikoBaHOro moximHoro (pmc. 1,6) —
1024 e, 859 em !, 797 emt, 758 e 1,708 cm !,
610 cm L, 573 emL, 531 em L.

IIpu nopiBHAHHI IIMX JaHWX BUAHO, IO B
CHEKTP] 3pa3Ka BUXITHOIO HATUBHOTO KapTOILITHOTO
KPOXMAaJ[I0 9acToTa KOJIWBaHb npu 982 cm!
3MimyeThest go 1023 cm™!, a yacToTa KOIUBAaHb IPU
923 cm! mo 859 cMm !, mI0 BKA3ye Ha 3MIiHY Hexa-
PAKTEPUCTUYHOIO Aialla30Hy CIEKTpa 3pa3Ka BUXi-
MTHOTO HATHBHOTO KAPTOIUITHOTO KPOXMATIO ITiCIA
amuryBaaHa. OTXe, 3pa30K BUXIZHOTO HATHBHOIO
KAPTOILISTHOTO KPOXMAII0 i eTepupikoBaHOTO II0-
X{THOrO MAalOTh PI3HMM XIMIYHMI CKJIAJ BHACIIIOK
XiMiuHOI Momudikallii KapTOILTSIHOIO KPOXMAITIO.

BaxumiBum € Te, 1o B XapaKTepUCTHYHIN
JIJISHIT CIIeKTpa 3pas3ka eTepHrpiKoBaHOTO IOXiTHO-
ro (puc. 1,6) 3’sBuBcT MakcuMyM Iipy 1731 e,
mo xapaxrepHo mit C=0 y ckiagl ecTepHol IPYIIN.
IlinTBepmXeHHS peakilil aIIyBaHHS KAPTOILISIHOTO
KPOXMAJIIO 3IIMCHIOETHCS TAKOX HA OCHOBI Xapak-
Tepy CMYrM BajJleHTHUX kosimBaHb VOH. B criexrpi
3pa3Ka BUIXITHOTO HATUBHOTO KapTOIULTHOTO KPOX-
MaJIl0 TIPUCYTHA MOCTATHBLO IIMMPOKA iHTEHCUBHA
cMyTa, SIKa 3HaXoauThest 1pu 3389 cMm !, a B criekTpi
3paska erepu@iKoBaHOrO ITOXITHOTO, IIST cMyTra
OLIBII IHTEHCHBHA 1 MEHII IIMPOKA Ta 3HAXOMUThH-
¢ ipu 3406 cm L

Bimomo [11], 110 II0JIOXEHHS 1 XapakTep CMy-
ru vOH 3ajexarb Bil CTyIIeHSI yJacTi TiIpOKCHIIb-
HOI I'PyIIM Yy BOOHEBUX 3B’sA3Kax. BomHeBi 3B’S3KU
3MIHIOIOTh CWIOBY KOHCTaHTy 3B’sa3ky O—H, mo
3MEHIIIYE YacTOTy KOJMBaHb. [1IpOKCIIbHA IpylIa,
sgxa Oepe y4acTb y MIXMOJIEKYJIIPHOMY BOITHEBOMY
3B’SI3KY, XapaKTePU3YETHC ITUPOKUM IHTEHCUBHIM
MaKCUMYMOM HOTIMHaHHA Ha aingaii 3200—
3600 cm L.

B crexTpi 3paska MommdikoBaHOTO KpoxXma-
JII0 cMyTa BaJleHTHUX KojimBaHb VOH € GUIbII By3b-
KO0 Ta OLIBII iHTEHCHBHOIO, 3HAXOAUTLCSI IPU
3406,16 cM!, a B cIIeKTpi HATUBHOTO KPOXMAITIO 115
cMyTa OUTBII IMMpPOKa 1 MEHIII iHTEHCUBHA, 1 3HAX0-
muTthea mpu 3389,35 cm !, 3azmadeHuit daxT
HigTBepIKyE, M0 B MoaudikoBaHOMY KpoxMali
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Puc. 2. AMP-criexTpy BUXiTHOTO HATHBHOTO KapTOIUISHOTO KPOXMATO (a) Ta #oro erepudikoBaHoTo moximHOTO (0)
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MEHIIIE BOAHEBUX 3B’43KiB, IO ITOSCHIOETHCS MEH-
II0I0 KUIBKICTIO BUIBHUX TiAPOKCIJIBHHUX TPYI, IO
i BIUIMHYJIO HA XapakTep Ta yacToTy KojmBaHb VOH
aIIbOBAHOTO KapTOILITHOTO KPOXMAIIO.

Enemenmunuii ananiz

JlaHi eleMEeHTHOTO aHAII3y CBiAYATh, IO €Te-
pudikaiisa KapTOILITHOTO KPOXMAIIIO XITOPAHTIIpH-
JIOM HPONIIOHOBOI KMUCIOTH BimOyiacd IO OmHIN
TIIPOKCWIBHIN TPyl B 3aJIMINKAX IIIFOKOMIIPAHO3-
HUX KiTelb, OCKUTbKY ByIVIeIo 3Haiaeno 48,13%,
a pospaxoBano 48,21%. Bomniwo suaitaeno 6,57%, a
pospaxosano 6,55%. 3rigmo 3 mamummu [3,12,13]
HAMOUIBII JIETKO alleTWIIOIOTRECS IIEPBUHA CIIMPTO-
Ba Ipyla i rimpoxcwibHa rpyna upu C,.

AMP docridnucenns

VYV 3p’a3Ky 3 TUM, IO MOAM(DIKOBAHUIT XJI0-
PAHTIAPHIOM IIPOITIOHOBOI KUCIOTH, KPOXMAJID IyKe
maigo posumHani B JIMCO, 3a #oro ciuexrpom
MOJIMBO JIMIIIE OIIHIOBAILHO BU3HAYUTU CTYIIIHbL
3aMIlIeHH TIIPOKCWILHUX TPy, TOOTO KUIbKICHE
BU3HAYEHHS IIPOIOHUILHUX I'PYII HAa OMHY MOHO-
MEpPHY JIaHKy. BcTaHOBIIEHO, IO CTYIIHD 3aMIiIleH-
HS KpOXMATI0, B yMoBax Momudikarii, mo 3a3Ha-
JeHi B eKCIIepUMEHTAJIbHIN YacTHUHI, CTaHOBUTH 1:1.
Po3spaxyHox IIpoBeneHO, HTOPIBHIOIOUM IHTErpaib-
HY IHTEHCHMBHICTb CUTHAIY TPHOX IPOTOHIB METHIIb-
HOI TPy IpOoIiHiIbHOTO pamukary (1,25 m.4.) 3
3arajJbHOX KUIBKICTIO IIPOTOHIB MOHOMEPHOI JIaH-
xu (SCH+CH,), mo go6pe y3romKyeThcd 3 TaHW-
MU €JIEMEHTHOIO aHaslizy. BU3HAUUTH 110JI0XKEeHHS
3aMicHUMKA 3a cruekrpoM AMP BusgBmiIoCcs npakTuda-
HO HEMOXIMBO (puc. 2).

Penmeenoghazose docnidncenms

Jlna 3’scyBaHHS CTYIEHS BIUIUBY IIPOIECY
erepudikanil Ha KPUCTAIIYHICTE CTPYKTYPU eTepi-
(iKoBaHOTO KapTOIUITHOTO KPOXMAI0 BUKOPUCTA-
HO MeTod peHTreHoda30Boro aHanizy. dudpaxror-
paMu HaBelgHi Ha puc. 3.

3rigjHo 3 HUGPAKTOTPAMOID KAPTOILISTHOTO
KpoxMamo (puc. 3) 6y10 IIiapaxoBaHO, IO KPOX-
Maib Ao erepudikamnii Mae aMoppHO-KpUCTATIYHY
CTPYKTYpPY 3i cTyiteHeM kpuctaniynocti 12%, B 1ol
XKe yac MomM(pikoBaHMIT KApTOILUISHUIT KPOXMAJb
MA€ CTYIIHb KpUCTATiMHOCTL 2%.

OTxXe, K CBigJaTh pe3ysLTaTH PEHITEHOIpPA-
MM, XimiuHa MoauQiKamis KpoxXMaIio IIPU3BOMUTHL
JI0 PYMHYBAaHHS MOI0 KpUCTalIidHOI OymOBH, IO
TaKOX cIIocTepiraau aBropu [14] mpu mocimimkeHH]
PEOJIOTIYHNX i CTPYKTYPHHUX BIACTUBOCTI Mommi-
KOBAaHUX KPOXMAIB 3 MOJIOAMX IIaroHIiB Borassus
aethiopium.

Hani onmuynoi mikpockonii

Bumrenareneni mocaimkeHHS TOKa3ailu, IO
3aIIPOTIOHOBAHUIT METON CMHTE3Y IO3BOJIIE TOCTAT-
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Puc. 3. PenTreHorpamMu 3pa3KiB BUXITHOTO HATHBHOTO
KapTOTUISHOTO KpoxMarmo (1) ta #oro ecTeprdiKOBaHOTO
TOXimHOTO (2)

HEO e(heKTUBHO OTpUMATH eTepu(PiKoBaHWIT KPOX-
Manb. IlikaBum Oy/I0 HOCIOWTA BUXiZHWI HATUB-
HUIl KapTOIDITHWI KPOXMaib Ta oro erepudiko-
BAaHWM MHOXIZHUNM METOOOM ONTHYHOI MIKpPOCKOIMII

(puc. 4).
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Puc. 4. Burmsan HATUBHOTO KapTOILTSTHOTO (a) Ta
ectepudikoBaHoro Kpoxmamis (6) mix mikpockoriom (x400)

TopiBHsuIbHMIT aHATI3 OTPUMAHUX MIKpoQo-
Torpacdiil TakoX II0KA3aB HA CYTTEBI 3MIHHM y 30B-
HIITHHOMY BUIJISIII HATUBHOTO KapTOILUITHOIO KPOX-
Maio micis oro mommdikamii. Ilpu 1boMy micis
Mom(ikamii omepKyIoThCd 3pYHHOBAHI 3epHA BU-
XITHOIO KpOXMATIo.

Tepmoepagimempuuni docaioxncenus

3a JaHMU TepMOTPABIMETPUYHUX JOCIIIKEHD
BCTAHOBJIEHO, 10 XiMiYHO MOAM(IKOBAHUIT KPOX-
MaJTb 3a XapaKTepUCTUKAMI BOOIOYTPUMAHHS Ta Tep-
MIYHOI cTaOLUIBHOCTI CYTTEBO BIIPI3HAETHC Bill BU-
XiTHOTO HATWUBHOTO KapTOILIIHOTO KPOXMAIIO IO
Mmomgixkamii (puc. 5).

Ha xpusiit TT' 3pa3ka HaATUBHOIO KapTOILIS-
HOTO KPOXMATIO (pHUC. 5) € YOTUPH Bimpi3KM BTpaTH
Macu. Iepmmi 3a temieparypu 65—148°C craHo-
Buth 3,7%. 3a3HaueHa BTpaTa MAacu BUKIMKAHA
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Puc. 5. JepuBatorpaMa HATUBHOTO KapTOIDISTHOTO KPOXMAJIO

BimmrermieHHSIM amcopboBaHoi Bomm (mo 100°C) i
kpuctatizanittnoi Bomm (100—140°C). Ha xpusiit
JTI' 3pa3ska HATUBHOIO KapTOIUISIHOIO KPOXMAJIO
(puc. 5) HaBemeHill BTpaTi BIimIIOBimae pPO3MUTHIL
edexT BTpaTH Macu 3 MiHIMyM 3a TeMIlepaTypu
110°C, gxwmit JOIUTEHO PO3MISAATH SIK HAKITAHAHHS
JIBOX OKpeMnX e(eKTiB, IIOB’I3aHUX 3 BUHAICHHSIM
BoJioru. JIpyruii Bimpi3oK BTpaTH MacH BiIIIOBimae
TeMuepaTypHoMmy inteppary 300—380°C i ctaHOBUTD
57,5%. Ha xpusiit ITI" npomy 1poliecy Biaosigae
pi3kuii i TMOOKMIT edekT BTpaT Macy 3 MiHIMyMm
3a teMmmepatypy 330°C, gaxumii BUKIVKAHUIA TepMi-
YHUM PO3KIIAgaHHSIM 0e3I10cepeaHbO IIoJicaxapuiIy.

Ha tperromy Biapizky BTpaTM Macu BimOy-
BaeThes 3a Temireparypu 380—500°C i cranoBHTHL
15% Bix moyarkoBoi mMacu. B mpomy temmepartyp-
HOMY IHTepBaJIi BimOyBaeThCI OOBYIIIEHHS IIOIIEPE]I-
HLO yTBOpeHUX A0 380°C IIpOMIXHUX IIPOAYKTIB
TepMoJtizy. Ha yeTBepromy Bimpizky kpusoi TT Brpa-
ta Macu Am,=17,5%. lleit eTan cOpUYMHEHUI 110~
BHHUM TEePMIUHMM PO3KIAAaHHIM Ta OOBYIJIEHHIM
kpoxMaiio 3a remneparypu 600°C. Iliciasg Harpisan-
Hst 10 950°C KOKCOBUM 3ajIMIIIOK 1THOTO 3pa3Ka cra-
HOBUTE 5,6%.

Ha xpusiit TT 3paska erepudikopaHoro xap-

TOIUISHOIO KpoxMaino (puc. 6) MOXHA BUAUIMTU
IricTh BigpiskiB: nepumii mpu 30—100°C, mos’s3a-
HUY 3 BUAUIEHHSM amgcopbosanol Boaun Am,<7,5%.
Brpara macu 3a temmeparypu 110—240°C € Ha-
CIIIIKOM BiNIIEIUIEHHS KPUCTAIi3alliifHOI BOIM,
Am,=6,25%. Y TpeThOMy TeMIIEpATypHOMY iHTep-
Bami 240—320°C Am,=36,25%, BimOyBaeTncsa IIpo-
ec TepPMIYHOTO PO3KIIAZaHHSI 0e3BOMHOI PEeYOBU-
HU, IO 3aJ€XUTh Bil XIMIYHOIO CKIAAy HOCIIIKY-
BaHOTO 3paska. I’aruil TeMmepaTypHUI iHTepBal
380—500°C 3 Ams=13,75% € HaciinkoM OOGBYIIIEH-
st octuit Temneparypamit inrepsan 500—640°C
BIIIOBiAA€ IOMAIBIIOMY PO3KIATAHHIO IIOIIePEeIHLO
VTBOPEHUX OOBYIIIEHMX IIPOAYKTiB. Burre 640°C
Maca 3pa3ka MOAM(IKOBAHOTO KPOXMATI HeE
sMiHIOEThC. Tlicst HarpiBamaa mo 900°C xoxco-
BUIl 3QIUIIOK CTAHOBUTL 6,25%.

Taxum yHOM, 3OiICHEH] TepMOTrpaBiMeTPIUHI
JTOCHIIXKEHHS OIOCEePEIKOBAHO MiIATBEPIXYIOTH
BIAMIHHICTH B XIMIUHIIT OymOBi Ta BIACTUBOCTAX
BUXiZHOTO HATHMBHOTO KPOXMAIIO Ta oro erepudi-
KOBAaHOI'O IOXiIHOTO.

Bucnoexu

B pesynprari Buxonanoi pobotu HaMm OyIIo
3MilicCHeHO peakuio erepudikaiil KapTOILISHOTO
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Puc. 6. JepuBarorpama eTepudikoBaHOTO KPOXMAITIO

KPOXMAJII0 XJIOPAHTIIPUIOM IIPOIIIOHOBOI KUCIOTH
y AMCO Ta mociiikeHo ofepKaHW IPOLYKT Cy-
qacHUMM (pi3uKo-XiMiYHUMUI MeTomaMu. 3a JOIo-
morow AMP Ta eleMeHTHOro aHali3y BCTAHOBIIE-
HO CTYIIIHB 3aMIIIEHHS Y MOJIEKY/Il KPOXMAIIO, SKIA
ctaHoBUTh 1:1. BuKoHaHO IOPIBHSUILHWI aHAaJi3
I9-crrexTpiB HATUBHOTO Ta MOAM(IKOBAHOTO KPOX-
MaJjlB, SKUH [I0KA3aB, IO CIIEKTPU MAaloTh PI3HY
HexapakTepucTaHy YacTuHy (400—1000 cMm 1), xpim
Toro B IY-crmextpi erepndiKoBaHOTO KPOXMAITIO
HasgBHA cMyra IIpu 1731 cM!, 1o XapakTepHO TS
C=0 y cxiani ecrepHoi rpymu. Penrrenodazopuii
aHaJIi3 HATUBHOTO Ta MOAM(IKOBAHOTO KPOXMAaiB
II0Ka3aB, IO AIIYBAHHS IIPU3BOINTE A0 3MEHIIICH-
He KpucTanivaol dasu 3 12 no 2%.
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Hapniiimoma mo pemaxiii 18.09.2017

MODIFICATION OF POTATO STARCH BY PROPIONIC
ACID CHLOROANHYDRIDE AND PHYSICOCHEMICAL
INVESTIGATION OF THE RESULTING PRODUCT

0.S. Shulga, N.V. Simurova, S.1. Shulga, O.P. Perepelytsya
National University of Food Technologies, Kyiv, Ukraine

The article presents the results of the modification of potato
starch by propionic acid chloroanhydride and the physical and
chemical characteristics of the resulting product. Based on the analysis
of published data, the modification method was suggested in which
dimethyl sulfoxide (DMSO) is used. The chosen solvent is widely
used in organic synthesis since it is completely soluble in water,
therefore its residues can be completely removed after the reaction.
In addition, DMSO is low-tfoxic, it is used as a drug in pharmaceutical
industry. Propionic acid was selected as a modifier, because it is
widely used in food industry as a food additive E 280. The modified
starch is intended for the further application in food industry; that is
why the aforesaid reagents have been selected. The degree of
substitution in starch molecule was determined by means of NMR
analysis and elemental analysis, it proved to be 1:1. There is a band
at 1731.46 cm™ in the IR spectrum of modified starch, this band is
characteristic of C=0 in the ester group. The X-ray diffraction analysis
of native and modified starches showed that acylation leads to a
decrease in crystalline phase from 12% to 2%. The microscopic
study revealed that the modification of potato starch by propionic
acid chloroanhydride changes the size and shape of starch grains.
The thermal analysis showed that the thermogravimetric curve of the
modified potato starch is more complicated than that of native potato
starch which is explained by the change in the chemical structure.

Keywords: native starch; esterified starch; acylation; IR
spectroscopy; X-ray phase analysis; thermolysis; NMR spectros-
copy.
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