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AHHOTanusa. B  HacTosmiee BpemMs  pa3pylIEHHE  METAJUIMYECKOTO
000py/IOBaHUS SBISCTCS OJHOM W3 BaXXHEHIIUX MpoOJeM B XHUMHYCCKOU
TEXHOJIOTMM TOIUIMBA W  BBICOKOPHEPreTUYECKHX  BemlecTB. HMmeercs
NOTPEOHOCTh B HOBBIX OoJiee dPHEKTUBHBIX CPeAcTBaX OOPHOBI C KOPPO3HEH.
Haumbonee arpeccwBHBICE Cpeabl PpacmpoCcTpaHEHbl B  He()TEXHMMHUYECKOM
IPOMBINIIEHHOCTH (HEePTsHOW, HedTera3oBol, HedTemnepepabaThIBaOMEe U
ap.). Mg 3amuter o6opynoBanus HedTenpoBoJa Bce OOJBIIE MCMOIB3YIHOTCS
a30TCOJEpKAIlle COCJANHEHUsI, B YACTHOCTH aMMOHUIHbIE coiu. HHTepec

MPEACTABISAIOT UHTMOUTOPHI HA OCHOBE OPraHUYECKUX COETUHEHUM.
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JlanHast paOoTa SIBISETCS MIPOJOIKEHUEM CEPUM UCCIIEAOBAaHUMN MOTYyUYECHHS
WHTUOUTOPOB  KUCIOTHOM KOPpPO3UM HA OCHOBE KapOOHOBBIX KHUCIOT.
Pazpabotana MeTouka CUHTE3a MHTUOUTOPOB KUCIOTHOM KOPPO3UHU Ha OCHOBE
aMHUJOB OJIEMHOBOM KHUCJIOTHL. [IpuuMHOM 3aMenieHuss KOPPO3UHU SABJISAECTCA
a7cOopOLIMOHHAsT ~ CMOCOOHOCTh  OPraHUYECKUX  IMOBEPXHOCTHO-aKTUBHBIX
coenunenuii (IIAB). D10 cBsi3aHO C MEpPEKPHITUEM KOHTAKTUPYIOLIEH
MOBEPXHOCTH MeETajjla CO CpPEelOod W HW3MEHEHHEM OHHEpPruyd aKTUBAlUM Ha
cBOOOMHBIX ydacTkax. OCHOBOW pa3pabOTaHHBIX WHTUOUTOPOB SIBIISIETCS
onienHoBas kuciota (OK) — oprannueckoe >KUpHOE COCIMHEHUE, MPOSBIISIONICE
ceoiictBa IIAB. MW3BecTHO, 4YTO cCOJEp)KaHUE a30Ta, CEpPbl U KHUCIOPOJa
yYBEIUYMBACT 3allUTHYI CIIOCOOHOCTh, IIOTOMY JUISI TIOBBIIICHUS €€
WHTUOUPYIOIINX CBONCTB MPOBEJCHBI HECKOJIBKO CHUHTE30B. BelectBa ObuIH
MOJIy4eHbl B HECKOJbKO cTaauii. Ha meproit ctagun xk OK Obutn mo0aBiieHbBI
AMUHOCTIMPTHI, J1ajiee MOJyYEeHHbIE COEIMHEHUs ObUIM CyJIb()UPOBAHBI CEPHOU
KkucnoTor. [ns pacmmpeHuss THMOB PA3JIUYHBIX WHTHOUTOPOB MPOU3BEIECHBI
peakuuu C  OCHOBaHMsIMH. B pesynbrare  oOpa3oBajuch  COJHU
Cynb(}aTUPOBAHHBIX aMHUIOB OJICMHOBOW KHUCJIOTHI, CHHTE3HMPOBAHHON C
AMUHOCHUTPTAMHU, CEPHOW KHUCJIOTHI M BOJHBIX PAcTBOPOB OCHOBaHWW. s
onpeneneHuss d(PQPEKTUBHOCTH TOTYYEHHBIX COCIMHEHMA TPOBEACHA OIEHKA
3aIIUTHOW CITOCOOHOCTH B Pa30aBIICHHOW COJITHOW KHCJIOTE. Y CTAaHOBJICHO, YTO
HEKOTOpBIC IMOJYYEHHBIE BEIIECTBA MPOSABISIOT COOTBETCTBYIOIIME CBOMCTBA
UHTHOUTOPOB, TIPU ITOM Hanbosiee YOPEKTUBHBIM SBISETCS aMMOHUNHAS COJIb

Cynb(})aTUPOBAHHOTO AUITAHOIAMHUIA OJICMHOBOUW KUCIOTHI.

Abstract. At present, the destruction of metal equipment is one of the most
important problems in the chemical technology of fuel and high-energy
substances. There is a need for new, more effective corrosion control agents.
The most aggressive environments are common in the petrochemical industry
(oil, oil and gas, oil refining, etc.). To protect the equipment of the pipeline,
nitrogen-containing compounds, in particular ammonium salts, are increasingly

being used. Inhibitors based on organic compounds are of interest.

© CereBoe nznanue «Hedrerazooe nemnox». 2020. Nel http://ogbus.ru


http://ogbus.ru/

Hedrerasozoe

( B\ n CETEBOE
v V3IAHME 252

This work is a continuation of studies series on the corrosion inhibitors
preparation based on carboxylic acids. A method for the synthesis of acid
corrosion inhibitors based on oleic acid amides has been developed. The reason
for the slowdown in corrosion is the adsorption capacity of organic surface-
active compounds (surfactants). This is due to the overlap of the contacting
surface of the metal with the medium and a change in the activation energy in
free areas. The basis of the developed inhibitors is oleic acid (OA) — an organic
fatty compound that exhibits surfactant properties. It is known that the content
of nitrogen, sulfur and oxygen increases the protective ability, therefore, several
syntheses were carried out to increase its inhibitory properties. Substances were
obtained in several stages. At the first stage, amino alcohols were added to OA,
then the resulting compounds were sulfonated with sulfuric acid. To expand the
types of various inhibitors, reactions with bases were carried out. As a result,
salts of sulfated amides of oleic acid synthesized with amino alcohol, sulfuric
acid, and aqueous solutions of bases were formed. To determine the
effectiveness of the obtained compounds, the protective ability in dilute
hydrochloric acid was evaluated. It was found that some of the obtained
substances exhibit the corresponding properties of inhibitors. The most effective

is the ammonium salt of sulfated diethanolamide oleic acid.

KiioueBble cj10Ba: OJICMHOBAs KUCIOTA; MHTHOUTOPHI KOPPO3HUH, aMUJIHI,

AMHHOCIIUPTHI; KUCIIOTHAsI KOPPO3HUsl; CUHTE3

Key words: oleic acid; corrosion inhibitors; amides; amino alcohols; acid

corrosion; synthesis

B mHacrosimee BpeMsi XMMHYECKOE U DJIEKTPOXMMHUECKOE pa3pylleHus
METAJIJIOB SIBJISIIOTCSI OJTHOM M3 BaXHEUIIMX MpoOsieM mpu nepepaboTke HedTH,
MOCKOJIbKY YMEHBILIAIOT CPOK 3KCILTyaTallid MPOMBIIIJIEHHOTO 000OpYAOBaHUS.

KOppO3I/IH BCACT K S3KOHOMHUYCCKHUM H 3KOJOIHYCCKHM IIOTCPAM. CymeCTByeT
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MHO»ECTBO CIOCOOOB 3aIllUThl METAUIOB OT Koppo3uu. OaHuUM U3 Haumboliee
MEPCIEKTUBHBIX CIIOCOOOB SIBISIETCA MPUMEHEHUE UHTUOUTOPOB KOPPO3UH.

JIns 3amuThl KOHTAKTHOM TMOBEPXHOCTU METAJIOKOHCTPYKIUMA pPa3zyMHO
U30JMPOBATh METAJI OT arpecCUBHOM cpejipl. Hanbonee moaxoasiuiit cnocod —
ATO TOKPHITUE METallla IUICHKOW 3allUTHOro Xxapakrepa. lloBepXHOCTHO-
aktuBHbIe BemiecTBa (ITAB) mposiBisOT ajacopOIIMOHHBIE CBOMCTBA, KOTOpbHIC
CHOCOOCTBYIOT 00pa3oBaHMIO IUIGHKHM Ha moBepxHocTH [1]. I'mapoduibHas
npupoja MeTaljia 3aTPyAHSET TMPOLECC BBITECHEHUS CPElbl, MOITOMY
UHTUOUTOpP JOJDKEH 00J1aaTh JOCTAaTOYHOM 3alllMINArONIed M 3aryiaromiei
CITOCOOHOCTSIMHU, a TaKXK€ BBICOKMM YPOBHEM HEWUTpaIu3alliu arpecCUBHOTO
arenTa [2].

Lens HacTosmen paboThl — cuHme3 UHSUOUMOPO8 KUCTOMHOU KOPPO3UU HA
OCHOge coell CyIbpamupo8aHHbIX AMUO08 OJIeUHOBOU KUCTOMbL.

Mouiekyna 0J1eMHOBOM KUCIOTHI 00JaaeT aMPupUIbLHBIMA CBOWCTBAMH, TO
€CTh JJIMHHAs 4YacTh MOJIEKYJbl 00siagaeT ruapoOoOHBIMH CBOWCTBAMH, a
KOMIIAKTHAasT — TUIPOPWIbHBIMU. VIMEHHO Takue MOJIEKYJbl MPOSBISIOT
MOBEPXHOCTHYI0  aKTUBHOCTb,  TaKXE€  HHTUOMpYIOIIAsg  CIOCOOHOCTH
YBEJIMYUBAETCS B IPUCYTCTBUM TaKUX COEAUHEHHM, KaK a30T, KUCIOPOJ U cepa.
OTnMuuTeTFHOM 0COOCHHOCTHIO TOMYUYECHHS] MHTUOUTOPOB KUCIOTHOW KOPPO3UHU
ABJIIETCS MPUMEHEHHE aMWHOB HE TOJBKO B BUJE CBOOOJHBIX OpPraHUYECKUX
COCITMHCHMIA, HO U B BUJE coJiei [3, 4].

ColppeM Uil  CHHT€3a aMHJOB  OJIEMHOBOM  KHCIIOTHI  SIBIISIFOTCS
MoHO3TaHoJaMuH (MOA), nustanonamuH ([I2A) M TexHuueckass OJEUHOBas
kucnora mapku b-115 B mpucyrctBum 20 % pactBopa cepHoit kucimoTel. Jlis
MOJIYYEHUsI COJIe Cylb(aTUPOBAHHBIX AMHUIOB HCIOJIb30Bal CIEIYIOIIEe
ceipbe: 20 %-b1il BOAHBIN PACTBOP CEPHON KHUCIIOTHI; BOJAHBIE PACTBOPHI €IKOTO
HaTpusi, THUJIPOKUCIA KaldblUsg M THAPOKCHAA AaMMOHHUS  Pa3IUYHOU

KOHIICHTparuu [5].
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[IpoBenena  peaxius sTepudUKaIuu OJICHHOBOM KHCJIOTBI c
MOHOATaHOJIAMHUIOM U JUATAHOJIOMaMHUIOM MPU MOJILHOM COOTHOIeHuu 1 1 B
MIPUCYTCTBUU CEPHOU KUCIOTHI KaK KaTajau3aropa.
Jlns mocnenyromiero cyiabGUpPOBaHUS B PEAKIIMOHHYIO CMECh J100aBIISIN
20 %-p1ii pacTBOp CEpPHOM KHUCIOTHI MPH NEPEMEIIUBAHUM TPU TEMIIepaType
50-60 °C B Teuenue 15 u (mo metoauke U.T. Mcmanmosa [2]).
s monyuenust coneit Oblmu uicnonib3oBanbl 10 %-piit, 20 %-biit, 40 %-biit
BoaHbie pactBopbl NaOH, Ca(OH),, NH,OH.
Peaknuio nmpoBoauau nmpu KOMHATHOM TeMIlepaType ¢ MepeMelIuBaHUEM B

TeueHue 15 MUH.

0 150°C PY
CHy(CHp)7—CH=CH—(CH,);,—C_  +H,S0, —> CHs(CH2)7_CH2*(‘3H_(CH2)7—C\
NH(CH,CH,0H) SO,H NH(CH,CH,OH)
/O //O
CH3(CH);—CH=CH—(CH,);,—C_  *H80, —> CHa(CH2)7—CH2*C‘:H_(CH2)7—C\
NH(CH,CH,0H) SO;H NH(CH,CH,0OH)
NaOH 0
——= CH5(CHa)r—CHo—CH—(CH)—C{
//O 0SO;Na NH(CH,CH,0H)
CH3(CHp)7—CHy— CH—(CHy)7—C.
S‘O3H NH(CH,CH,0H) —|
0
(NH,OH CH3(CH2)7—CH2—C‘:H—(CH2)7—C1/
OSOsNH, NH(CH,CH,OH)
Ca(OH),

> (CH;(CH,)3CHOS0,0(CH,),;CON((CH,),0H),Ca

JIns1 CHHTE3UPOBAHHBIX COJIEH OBLIO OMPENENEHO KUCIOTHOE YHCIO 0
I'OCT 3193320122, xoTOpoe TMOATBEPAWIO TIOJHOE TMPOTEKAHUE PEAKIIUH

(tabsmma 1).
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CoennHenue

KucnorHoe uncno, mMr

o

ITocne

TepU(UKATIT sTepuduKanun

CH,(CH,),CH=CH(CH,),CONH(CH,),OH 266,7 _
CH,(CH,),CH=CH(CH,),CONH(CH,),OH — 69,4
CH,(CH,),CH=CH(CH,),CON((CH,),0H), 226,6 _
CH,(CH,),CH=CH(CH,),CON((CH,),0OH), - 64,8

BBIXOI[ MMOJTYUCHHBIX cojJiell B 3aBUCUMOCTU OT KOHL[GHTpaLII/Iﬁ IICJIOYHBIX

pacTBOPOB MPEACTaBJICH B TabuIe 2.

Taﬁ.ﬂnua 2. BBIXOII cosen IIpru CHUHTC3C C BOJHBIMU pPACTBOpaAMHU HICIOYaMHU

Pa3HOM KOHLIEHTpALIUU

Hcxonnble peareHTsl [Iponyxr KOHHeIESEgE:;;?ZTBOpOB Brixon, %
10 86,1
Coemnnenne 6 u NaOH Coenunenne 8 20 98,0
30 98,5
10 87,3
Coemunenne 7 u NaOH Coenunenue 9 20 97,5
30 97,0
10 89,6
Coemunenne 6 u NH,OH Coenunenune 10 20 97,8
30 96,4
10 85,7
Coemunenune 7 u NH,OH Coenunenne 11 20 96,0
30 95,8
10 82,9
Coemunenne 6 u Ca(OH); Coenunenue 12 20 93,7
30 93,8
10 83,8
Coemunenne 7 u Ca(OH)2: 5 | Coenunenwne 13 20 95,1
30 96,2
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[lo pe3ynbraraM, NPUBEIECHHBIM B TaOuHIle 2, BUAHO, YTO KOHIIEHTPALIUS
menoun 10 % HemocTaTo4yHa ISl IPAKTUYECKHU ITOJIHOTO BBIXOJA NMPOAYKTOB, a
koHueHTpamus 30 % HenenecooOpa3Ha B MCHOJb30BaHUU. CaMblil JTydIniuid
BBIXOJ] MMOKa3aJM COJIM, CUHTE3UPOBAaHHBIE Ha OCHOBE PAcCTBOPOB IIEJIOYEH C
KoHUeHTparueit 20 %.
[lony4yennsle coeauHeHus (COJM, CUHTE3WpOBaHHbIE Ha ocHOBe 20 %-bIxX

pPacTBOPOB IIEIOYEH) Takke ObUIM MPOBEPEHBI HA 3alUTHOE MHTHOMPYIOIIEEe

nevictue mo I'OCT 9.505-86 (Tabmuma 3).

Taonuma 3. 3ammrHas 3QQPEeKTUBHOCTh COJIe Cylb(aTUPOBAHHBIX AMHJIOB
OJIEMHOBOW KUCJIOTBI

Ne Coenunenune VnenbHas moreps Macchl,

r/m?
0 |HCIO1lH 385,3
1 | CH3(CH2)sCHOSO20ONa(CH2)7CONH(CH2).0OH 300,5
2 | CH3(CH2)sCHOSO20NH4(CH2)7CONH(CH2).0OH 133,3
3 | (CH3(CH2)sCHOS0,0?(CH2)7CONH(CH2),0H).Ca 260,5
4 | CH3(CH2)sCHOSO20Na(CH2)7CON((CH2).0H)2 285,4
5 | CH3(CH2)sCHOSO20NH4(CH2)7CON((CH2)20H)2 58,9
6 | (CH3(CH2)sCHOSO,0?(CH2)7CON((CH.).0H).).Ca 80,6
7 | ypoTpoInuH 45,2

BriBoabI

1. B pesynpraTe HUCHBITAHWN Ha 3alIMTHOEC WHTHOMpYIOIIEe IEHCTBUE
CUHTE3WPOBAHHBIX  PEAreHTOB  yCTAHOBIEHO, YTO  CYJIb(aTUPOBAHHBIM
JTUATAHOJIAMUJ] OJICMHOBOM KHUCIJIOTHI MPOSIBISIET aHTUKOPPO3UOHHBIE CBOMCTBA
Jdydlie, 4eM CyJib(paTUuPOBAHHBIA MOHOATAHOJIAMU/] OJIEHHOBOUW KUCIIOTHI.

2. MakcuMalTbHbI WHTHOUTOPHBIA A(G(EKT MpOosIBMIIA aMMOHHMIHASI COJb
CyJlb(paTUPOBAHHOI'O JUATAHOIAMHUJA OJEUHOBOW KHCIOTHI, YTO SIBJISETCA
000CHOBAHMEM BBITOJHOTO MCIIOIB30BaHUS €€ B LEISAX 3alUThl 000pyAOBaHUS

OT KOPPO3HUH.
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