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Hccnenosano MoueKyssipHO-MaccoBoe pacnpesenenue Mouoatkui(Cg-Cop)dernon Gpopmanbaerui-
HBIX OJIMTOMEPOB, MOIU(DUIIMPOBAHHBIX aMUI0AMHUHAMH Ha OCHOBE JUCTHJUIMPOBAHHBIX MPUPOIHBIX HedTs-
HBIX KHCJIOT ¥ TIOJIMAMUHOB Telib-XpoMaTorpaduueckuM MeTo oM. V3ydeHa 3aBUCHMOCTh CPEIHEBECOBOM U
CPEIHEYUCIOBON MOJICKYJISIPHBIX MAacCC, MOJUIUCIEPCHOCTH MOJU(UIIMPOBAHHBIX OJIMIOMEPOB OT MX KOM-
MOHEHTHOTO U KOJMYECTBEHHOI'O COCTaBa. BhISBICHBI 3aKOHOMEPHOCTH U BBICKA3aHbl IPEAINOI0KEHH S OTHO-
curenbHo unciia MoHoankull (Cg-Cio)heHonpopmanbaernaHpix (parMeHTOB B COCTABE OJIMTOMEPHBIX MakK-
pPOMOJIEKYI.

Karouesbie cioBa: renb-xpomarorpadus, Mouoankuia(Cg-Cip)denon hopmabaeriiHbie 0IuroMme-
PpBI, MOIU(UKALUS, TUCTUUTUPOBAHHBIC IPUPOHBIC HE(PTIHBIC KHCIOTHI, IIOJIMAMHHbI, AaMUT0AMUHBI

Investigation of the molecular mass characteristics of ni-
trogen-containing monoalkyl (Cg-C12) phenol-
formaldehyde oligomers by gel-chromatography
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Modification of phenol-formaldehyde oligomers wittitrogen-containing compounds improves
their adhesion to the metal surface, enhances ritteqtive properties when used in various applcesti
Concerning, studies on the synthesis of monoalkylG,,) phenol-formaldehyde oligomers modified with
amidoamines based on natural petroleum acids ah@mpmes-diethylenetriamine, triethylenetetraamine,
polyethylenepolyamines were carried out.
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Analyzes were carried out on a high-performanceidighromatograph with a refractometric detec-
tor from Kowo (Czech Republic) using exclusive ahedography. The fixed Separan-SGX phase was
3.3x150 mm in size, with a particle size ofith and pores of 100 A, and dimethylformamide wagta&s
the eluent at a flow rate of 0.3 &min. The tests were carried out at a temperathi29®5°C. When deter-
mining the MWD parameters, the calibration depewdenf IgM on \4 in the range M= (1.5-100)16 was
obtained using polyethyleneglycol as a standard¢ciwls permissible for relatively low molecular gét.
This dependence is expressed by IgW={r)/C, from Vgr=C;-C,IgM, where C;=24.4; C,=4.0.As a result
IgM=6.1-0.25 k. Calculations are carried out according to thea¢iqns:

My, =M M| :%
Z(W)
whereMV; - is the molecular weight corresponding to itle@ea of the chromatogram; - is the fraction of the
area of part.

It was found that irrespective of the compositiéth® amidoamines used, all the samples consist of
different fractions of high (I) and low (Il) molelew fractions: when a content of | fraction 2.564%%,
M,,=5100-8500M,=4560-7300, while for Il fraction of 95.5-97.5%,,=650-960M,=470-610. The content
of | fraction for monoalkyl(@C;,) phenol-formaldehyde oligomers modified with anddones based on
distilled natural petroleum acids and polyethylesigamines is slightly higher in comparison with kgpes
modified with amidoamines based on distilled ndtpetroleum acids with diethylenetriamines andtlrye
lenetetramine. Typically, the weight-average anchiber-average molecular weight indices of theirrdli-
al fractions are much higher than those modifietth @wimidoamines based on lower polyamines. Thisdb-p
ably due to the high functionality of amidoaminesséd on polyethylene polyamines in comparison with
other polyamines and the possibility of growth lo¢ toligomeric chain in several directions. In aesepof
samples using amidoamines prepared on the basleeafame polyamine as a modifier, a decrease in the
weight-average and number-average molecular wésgbbserved with an increase in the molar amount of
acid in the composition of the modifier. This i®pably due to a decrease in the functionality oit@amine
with increasing mole amount of acid. A similar patt is observed for oligomers obtained using amidoa
mines based on triethylenetetramine.

As a rule, the high fraction of all oligomers isacacterized by a narrower polydispersity, very elos
to that of a monomolecular system. Obviously, highlecular fractions are part of oligomers, consgstf
macromolecules, which contain fragments of amidoasiand the latter are part of a very small nurolber
macromolecules. On the other hand, the functiognafitamidoamines being equal to 2 or more can ptemo
chain growth in several directions. The sharp défifiee in the parameters of the weight-average hed t
number-average molecular weights of individual fiats at a finite value of the average moleculaighe
as well as the general polydispersity, comparet inividual fractions, takes higher values.

Keywords. gel chromatography, monoalkyl {C;,) phenol formaldehyde oligomers, modification,
distilled natural petroleum acids, polyamines, avaitiines

BBegeHue

AKTyalTbHOCTh MCCJIEIOBAaHUI B HAIlpaBICHUM CHHTE3a U NMpUMEHEHUs (eHonpop-
MaJTbACTUAHBIX OJuroMepoB (PDO) Hapsay ¢ apyruMu (GakTopaMu ONpeaessiecT BO3MOXK-
HOCTb UX MO,Z[I/Iq)I/IKaI_[I/II/I PA3INIHBIMU OPraHUYCCKUMH COCIUHCHUAMU, B HACTHOCTH a30T-
conepxkamu. OyHKIMOHAIbHBIE TPYIIIBI, COAEpKAIIUE a30T - OJAUH U3 JIEKTPOOTpHUIIa-
TEJIBHBIX 3JIEMEHTOB Mocje (ropa M KUCIOPOAa — MPUIAIOT MOJSPHOCTH OJUTOMEPHBIM
MaKpOMOJIEKYyJIaM, YTO B CBOIO Ouepe/lb YIydIlllaeT aAre3uio Ha MEeTaJUIMYECKYIO MOBEpX-
HOCTb, CJICAOBATCIIbHO, YCUJIUBACT 3allIUTHBIC CBOIICTBa IIpU UCIIOJIB30BAHUU B PA3JIMYHBIX
HaszHaveHusx [1,2].

TeopeTnyeckas 4yacTtb

YuuThiBas BBINICH3I0KEHHOE, HaMK cuUHTe3upoBaHbl MOHOANKHI(Cg-C12) dheno-
bopManaeruaHpe OJUroMepsl, MOAUMUIMPOBAHHBIC aMUI0AMUHAMU HA OCHOBE JHMCTHII-
JAUPOBAaHHBIX MPUPOAHBIX HeTsHbIX KuciaoT (ATTHK) u monmamuuos (ITA) - austuieH-
tpuamuHa (JI9TA), tpudtunenrerpamuna (TOTA), nmomustunennonuamunoB ([TDITA).
Hanuuue ChIpbeBBIX PECYpCOB, MPOCTOTA TEXHOJOTMHM CHHTE3a, MOJSIPHOCTH a30TCOICP-
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Kamux (YHKIUOHATIBHBIX TPYII OMPEIENIOT MEePCHEKTHUBBI MCIOIb30BaHUS MOJ00HBIX
COCMHEHUN B KauecTBe MOAU(UKATOPOB (DEHOJIBHBIX OJUTOMEpoB. PaHee MpOBeACHBI
AQHAJIOTMYHBIE HCCIIEOBAHUS C IPUMEHEHUEM MMUA30JIMHOB TOW € OCHOBBI B KaUeCTBE
MOAH(UKATOPOB, TOITYUSHBI MOJOKHUTENBHBIE Pe3ynbTaThl /3-5/, Takke u3ydeHsl GpuU3nKo-
XHMHYECKHE CBOWCTBA, B TOM YHCIIE MOJIEKYIsIPHO-MaccoBoe pacmpenenenne (MMP)
rejab-xpoMarorpadudaeckum mMetoaom /6/.

B npenmnaraemoii ctaThbe npuBEIEHBI PE3YIbTATHI IElb-XpPOMATOrpapUUecKoro uc-
cienoBanusi MMP monoankuin(Cg-C12)@DO, MoauduIMpoBaHHBIX aMUIOAMHHAMHU Ha
ocHnoge JITHK u IIA.

AKCNepUMEHT

AHanu3bl OBLTH TIPOBEICHBI Ha BHICOKOA()(PEKTUBHOM KUIKOCTHOM XpomaTorpade
C pedpakTOMETPUUYECKUM JETEKTOpOM Mpou3BojacTBa pupmbl «Koo» (Yexwus) meromom
AKCKJIIO3MOHHOU XpoMartorpadun. beina ucnonb3oBaHa HemoaBkHAsS ¢aza Separon-SGX
pazmepom 3.3x150 MM, ¢ pasmepoM gacTuil — 7 MkM 1 op 100 A, a B kauectBe amioenTa
OBLT B3ST TUMETHIPOPMaMUI cO CKOpOocThio Tedenus 0.3 mi/MuH. VcnbITaHus TPOBEACHBI
npu temmeparype 20-25C. Ilpu onpenenenns MMP mapaMeTpoB KaanGPOBOYHAS 3aBH-
cumocts IgM ot Vg B ananasone M;=(1.5-100)-160 nonyuena ¢ ucnoas30BaHueM MONH-
STUJICHTIIMKOJS B KAa4eCTBE CTAHIAPTa, YTO AOMYCTUMO JUISI OTHOCUTEIHLHO HEBBICOKHUX
MoJeKyJsipHbix Macc. M3 ypaBHeHus Vgr=Ci-ColgM 53Ta 3aBUCHMOCTH BBIpa)KaeTcs
IgM=(C1-VR)/C,, tne C1=24.4;C,=4.0. CienoBarennHo, IgM=6.1-0.25 \k. Beruucnenus
MIPOBE/ICHBI IO YPaBHEHUSIM:
My =2ZM@i; y = 1
)
M;

rae Mj — MoJieKy/sipHas Macca, COOTBETCTBYIOMIAS | TUIOMIAJNA XPOMATOTPAMMBbI; (j-I0JIsI
TUTOIA/IA YaCTH | .
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Ha pucynke n3o0pakeHbl XpOMaTOrpaMMBbl OJUTOMEPOB CJICIYIONMIEro cocTaBa: 1)
MouoaKuI(Cg-C12) DO, MoaudunupoBanHbiii amunoamuaom Ha ocHoBe JITTHK u T19-
ITA npu ux moasHOM cootHomieHun 1:1; 2MoHoankui(Cg-C12)PDO, moaudunpoBaH-
Helii amupoamuHoM Ha ocHoBe [IITHK u IIDITA mpu ux MonpbHOM cooTHomeHuu 3:1;
3)monoankuia(Cg-C12) DO, MomubpuimpoBanusiii amugoamuaoM Ha ocHoBe JITHK wu
[IOI1A npu ux monbHOM cooTHoteHuu 5:1; 4Monoankui(Cg-Cq2)PDO, moaudummpo-
BaHHBIA amupoaMuHoM Ha ocHoBe JIITHK u TOTA mnpu ux monsHOM cooTHomeHuu 1:1;
5)Monoankuin(Cg-C12)®PO, momuduimpoBanHsiii amugoamMmuHoM Ha ocHoBe JIITHK wu
TOTA npu ux moabHOM cootHommeHuH 3:1; 6MonoanKuiI(Cg-C12)DDPO, Moauduimpo-
BaHHBI amugoamMuaoM Ha ocHoBe JIITHK u JIDTA mpu ux MoinsHOM cooTHOIEeHHH 3:1.

[Tpu cuHTE3e BCeX MPUBEACHHBIX OJUTOMEPOB MOAU(PHKATOPHI OBLTH B3STHI B KO-
mnuectBe 0.1 monp Ha 1 Monb ankmieHOTHLHOrO KOMIOHEHTa. Bce 00pasibl SBISIOTCS
OJIMTOMEPaMH HOBOJIAYHOT'O THIIA, T/ MPH MX CHHTE3€ MOJIHHOE COOTHOIICHUE aTKui(e-
HOJIOB K (hopmanbaeruay cocrasisuio 1:0.85.

Tabmuma 1. [okazarenu MMP monoankun(Cg-C12)@D0O, MoIupHIMPOBaHHBIX aMHI0a-
MHHaMH Pa3JIUYHOrO COCTaBa

No Copepxanne MMP
- ¢dpaxn, % M,, M, M,, M,
3.85 8474 7333 1.15
1 96.50 959 607 1.58
- 1255 632 1.98
4.54 6687 6220 1.07
2 95.46 852 575 1.48
- 1120 602 1.86
2.73 5319 5040 1.05
3 97.27 680 467 1.45
- 782 485 1.61
3.63 5220 4996 1.05
4 96.37 677 501 1.35
- 831 520 1.6
3.33 5134 4554 1.13
5 96.67 674 480 1.4
- 871 535 1.6
2.50 5377 4731 1.14
6 97.50 648 540 1.2
- 825 559 1.47

[Tokazarenu cpenHeBecoBbiX (My) U cpenHednciaoBbiX (M) MOJIEKYISIPHBIX Macc,
pacCUYMTAHHBIX [0 XpOMATOrpaMMaM, MPUBEICHBI B Ta0IuIe 1.

O6cyxxaeHue pe3ynbTaToB

Kak BHIHO M3 JaHHBIX TAOJMIIBI, HE3aBUCHMO OT COCTaBa MCITOJIL30BAHHBIX aMH-
JIOAMUHOB BCE 00pa3Ilbl COCTOST U3 OTIMYAIONINXCS MO0 MOJICKYJISIPHBIM MaccaM BBICOKOM
() n uvuskoii () ¢paknuit: npu comepxkanuu | ¢pakuuu 2.50-4.54%,M,,=5100-8500,
M,=4600-73008 1O Bpems kak npu cogepxanuu |l ¢ppaxmuu 95.5-97.5%M,,=650-960,
Mp=470-610.Conepxanne | dpakuuu ms monoankui(Cg-Ci2)DPO, moaudumnnpoBan-
HbIX amugoamuHamMu Ha ocHoBe JIITHK u IIOITA He3HauuTenbHO BBILIE B CPABHEHHH C
aHajgoramu, MoauduupoBaHHbIMU amugoamuHamMu Ha ocHoBe JIITHK ¢ IDTA u TOTA.
Kak npaBuiio, cpeiHeBeCOBbIC U CPETHEUHCIOBBIC MOJIEKYIISIPHO-MACCOBBIC TOKA3aTENN MX
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OTJIENbHBIX (PpakUMii HAMHOTO BBIIIE MO CPABHEHHIO C OJUTOMEPaMHU, MOAU(PUIIUPOBAH-
HBIMH aMHUJI0aMHHAMH Ha OCHOBE HM3IIUX MOJMaMUHOB (cpaBHeHME 0Opasios 1,2,3¢ 00-
pastamu 4,5u 06pasmnom 6). IT0 MOKHO OOBICHUTH BHICOKON (DYHKITHOHATLHOCTHIO aMH-
noamMuHoB Ha ocHoBe IIDIIA B cpaBHEHMM C JPYyrUMH MOJUAMHHAMHU U BO3MOXKHOCTBIO
pocTa OJMTOMEPHOM LIeTIM B HECKOJIBKUX HamlpaBlieHUsX. B psaay oOpas3oB ¢ HCMONIb30Ba-
HUEM B KauyecTBE MOAM(PHUKATOPAa aMUJI0AMHHOB, MOJTYYEHHBIX Ha OCHOBE OJIHOTO U TOTO
K€ TIoJIMaMHUHA HaOJIIoaeTCsl YMEHbIIIeHHe mokaszarenei MMP nipu yBenndeHUn MOJIBHO-
r'0 KOJMYECTBA KHCIOTHI B cocTaBe Moaudukaropa. K npumepy, namMeHeHHE MOJIBHOTO CO-
otHomenus JJITHK:TIOIIA ot 1:1 g0 5:1B cocraBe MoauduKaTopa MpUBOIUT K YMEHBIIIE-
HUIO CPEHEBECOBOM MOJIEKYJISIPHOIM Macchl BhICOKOW (pakuuu Ha 3155eaunun, cpenHe-
YUCJIIOBOW MOJICKYJSIPHOW Macchl Ha 2293 euHMI], a CPETHEBECOBON M CPEIHEUHCIOBOM
MOJICKYJISIPHBIX Macc HU3KoM (pakiuu Ha 279u 140enuHuI COOTBETCTBEHHO. DTO, BEPO-
ATHO, CBSI3aHO CO CHUKEHHMEM (YHKIIMOHAJIbHOCTU aMUJOAMUHA MPU YBEIHMUYEHUU MOJIb-
HOT'O KOJMYECTBA KHUCJIOTHL. AHAJIOTWYHAS 3aKOHOMEPHOCTh HAOJIIOJAETCs ISl OJIUTOMe-
POB, MOJYYCHHBIX C MCIOIb30BaHHEM aMH10aMUHOB Ha ocHOBe TDOTA (o6pasubl 4 u 5).
[Ipu oaMHAKOBOM MOJBHOM COOTHOIIEHHWH KHCJIOTHI K aMHUHY, YMEHBIICHHE (DYyHKIIHO-
HAJIbHOCTU aMUHHBIX KOMIIOHEHTOB COMPOBOKIAETCSI B OCHOBHOM YMEHbBIIIEHUEM MOJIEKY-
JSIPHO-MACCOBBIX TOKa3aTesiel (cpaBHeHue oOpas3noB 1 u 4, a takxke oOpasuoB 2, 5, 6).
Hampumep, y onuromepoB MoauuIMpoBaHHbIX aMugoaMuHaMu Ha ocHoBe [IDI1A u TO-
TA npu MOJIBHOM COOTHOLIEHMM KHMCIOTHI K aMMHY 1:1 pa3Huna B cpeHEBECOBBIX MoJle-
KYJSIPHBIX Maccax sl BRICOKOW (pakimu, paBHa 3254,a nist HU3Kou (pakiuu 282, B TO
BpeMsl KaK aHAJIOTWYHbIC ITOKA3aTEeNId B CPEIHEUHUCIOBBIX MOJIEKYIAPHBIX Maccax COCTaB-
0T 23371 106 equHUIl COOTBETCTBEHHO.

OpnHako, KaKk MpaBWIIO, BBICOKask (PAaKIMA BCEX OJIMTOMEPOB XapaKTepHusyeTcst 00-
nee y3kor monuaucnepHocTeio — 1.05-1.1504enp 61M3K0M K TTOKa3aTeslto MOHOMOJICKY-
asipHOM cucteMbl. [lo cpaBHEHHIO C BBICOKOHM (hpakiuel MOIMIUCIIEPCHOCTh HHU3KOM
dbpakuuu B 1ienoM 6osbiie B 1.14-1.37pa3a, menssick B untepBaie 1.20-1.58 UupiMu ciio-
BaMH, BBICOKHE (pakuny 007aJal0T HU3KOH NOJUIMCIEPCHOCTHIO. OUeBUAHO, BEICOKOMO-
JeKyJspHble (PAKIUU SIBISIOTCS YacThiO OJIMTOMEPOB, COCTOSALICH M3 MaKpOMOJEKYI, B
COCTaB KOTOPBIX BXOIAT (hparMEeHThl aMHUOAMUHOB U CYIIECTBEHHO MEHbILEE MOJIBHOE
KOJIMYECTBO MOJU(UKATOpa IO CPAaBHEHHUIO C aTKUI(PEHOIbHBIM KOMIIOHEHTOM OTpeaes-
eT TOT (aKT, 4To (PparMeHThl aMHI0aMHUHA BXOJAT B COCTAB OYEHb MaJIOTO YHCIIAa MaKpo-
MOJIEKYII.

C npyroii cTopoHsl, (PYHKIIMOHAILHOCTh aMUI0aMUHOB Oyay4u paBHOM 2 u Oonee,
MOJKET CIOocOOCTBOBaTh POCTY IIENMHM B HECKOJBbKUX HampabiieHusx. CieaoBareiabHO, 3TO
CKa)XETCS Ha CPEIHEeH MOJICKYJIAPHON Macce BBICOKOW ¢pakiuu U T.1. Ha ocHOBaHUU BBI-
IIECKa3aHHOTO IMPEIOoaraeTcs, 4YTo YUcio ajakumideHnonpopManbIeruaHbIX (ParMeHToB,
MOBTOPSIFOIITUXCS B BEICOKUX (Ppakiusx, paBHo 20-35,a B HU3Kkux dpakmmsx ~3-5.

Peskoe pasnuuue mokasaresied CpeaHEBECOBOM U CPEAHEUHUCIOBOM MOJIEKYIISPHBIX
Macc OTIENBHBIX (PPAKIMNA OTpakaeTcsl Ha KOHEYHOM 3HAUYEHWUU CPEIHEH MOJIEKYJISIPHOU
Macchl, KoTopast MeHseTcsi B uHrepBasie My=780-1260M,=490-630,a Taxxe oOuias mo-
JUAUCIIEPCHOCTD M0 CPaBHEHHIO C OTACIbHBIMHU (paKIUsSIMU MPUHUMAET Ooyiee BHICOKHE
3HaueHus, coctaBuB 1.47-1.98.

3aknroyeHue

B 3aknroueHuu, mpuBeIeHbl HA0II01aeMbIe 3aKOHOMEPHOCTH:
- MoHOANKHI(Cg-C12)PDO, MoaubHUIMPOBAHHBIE aAMHI0AMUHAMH Pa3IMYHOTO CO-
CTaBa COCTOAT U3 ABYX (hpakiiuii -- BbicoKoit (~2.50-4.54% ) nuskoii (~95.5-97.5%);
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- YMEHBIICHUE MOJICKYJISIPHOW MacChl MOJIMAMHUHOB, HCITOJIb3YEMbIX IS TIOTYYCHUS
aMHJI0AMUHOB, & TAK)KE YBEJIMYCHUE MOJILHOTO KOJUYECTBA KUCIOTHI MPH UCIIOJIb30BAHUH
OJTHOTO M TOTO K€ IMOJIMaMHHA MMPUBOUT K YMEHBIIICHUIO CPETHEUUCIOBON U CPETHEBECO-
BOI MOJIEKYJISIPHBIX Macc, aHAJIOTUYHASI 3aKOHOMEPHOCTh HAOIOIaeTCs MIPH YMEHBIIICHUN
MOJICKYJISIPHOM Macchl aMUHA NP OAMHAKOBOM 3HAYCHHH MOJILHOTO COOTHOIICHUS KUCIIO-
Ta . aMUH;

- OTAEIBHBIM (DpaKiusaM mpucyire oosee y3koe MMP (T.e HHU3KOE 3HAUYEHHUE TTOJIH-
JUCIIEPCHOCTH), & KOHEYHOMY MIPOAYKTY 00JjIee IMIUPOKOE;

- Ha OCHOBE aHAJIM3a TOJIYYECHHBIX PE3YJIbTaTOB MOXKHO MPEIIOI0KHUTh, YTO YHCIIO
ankmi(Cg-Ci2)heHondopmanbIeruiHbIX (PparMeHTOB, TOBTOPSIONIMXCS B BBICOKHX (pax-
nusx, cocrabisger 20-35,a B Hu3kux pakimsax ~ 3-5.
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