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A30TCOJEPKALIMUX UHTUBUTOPOB KOPPO3UU

SYNTHESIS OF NITROGEN-CONTAINING
CORROSION INHIBITORS BASED ON BENZOIC ACID
AND ITS DERIVATIVES

JI. C. TPUT'OPBEBA L. GRIGORYEVA
CrHITTACTYHIKOBA S. PASTUSHKOVA
A. V. YETIEJIEBUY A. TSHEPELEVICH
HHCTUTYT cllaHUEeB Oil Shale Research Institute
SApsextona 12, Koxtna-fpse, 12 Jarvekiila St., Kohtla-Jirve
30198 Dcronus 30198 Estonia

Synthesis methods for new corrosion inhibitors for neutral and acid media have
been developed based on benzoic acid and its derivatives (benzyl benzoate,
biphenylcarboxylic acid, benzoic acid, distillation residue) and amino alcohols
(monoethanolamine, diethanolamine). The conditions required for synthesis
have been optimized. The action mechanism of the inhibitor in 5 %
hydrochloric acid has been studied by the method of polarization curves.
Possible applications for the novel inhibitor have been determined.

C koppo3zueii METaNIOB B KUCTbIX Cpeaax MPUXOAMUTCS CTAIKUBATHCS B MPOLEC-
cax TpaBJIEHUS YIJIEPOAUCTBIX U JIETMPOBAHHBIX CTallell B pacTBOpax COJISTHOM U
CEepHOi KHCJIOT, MPH TOArOTOBKE MMOBEPXHOCTEH Mepe/] HaHECEeHHEeM rajlbBaHH-
YECKUX U JIAKOKPACOUHBIX TOKPLITHI B MAlIMHOCTPOSHUH, KUCIOTHON OYUCTKE
TEeMnI000MEHHOr0, TEeMIOIHEPreTHYECKOro U APYroro o0opyaoBaHus, 0opaboTke
He(TAHBIX CKBaKUH. KucioTHAs KOppo3usi BO3HMKAET TakyKe MPH TPAHCITOPTH-
POBKE, MPOM3BOJACTBE M XPAHEHUW KHUCIOT, KUCIBIX (ochaTHBIX CBA3YIOLIUX,
NPUMEHAEMBIX TPU M3rOTOBJIEHUH (DOCHATHBIX BOJOIMYJILCHOHHBIX KPacoK M
L

Bo Bcex oTuX ciyyasx AJsi 3alUThl METANIOB OT KOPPO3UHM TEXHUYECKH Lie-
71eco00pa3sHO M 3KOHOMMYECKM BBIFOJHO MPUMEHSTh MHTUOMTOPLI KOPPO3UM.
Cpeay HUX OZHO M3 BEAYLIMX MECT 3aHMMAIOT a30TCOMAEPIKALIME COEJMHEHHs]
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pa3aMyHOro Kjacca (aMUHbI, aMUbl, 3(pUPbl AMUHOCIIHUPTOB W OPraHUYECKHUX
KUCJIOT U JIpyrue).

Panee B MIHCTUTYTe craHlleB nmyTeM KOHAEHCALMHM (hpakiuii claHUeBbIX BO-
JI0pacTBOpUMBIX (peHonoB ¢ npenenamu kunenus 180-280, 180-235. 180-
250 °C ¢ MOHO3TaHONIAMUHOM M (hOpMabAErnA0M MpHU TeMrepaType KuUNeHus
peakUMOHHOW cMecH Obll CHHTE3MPOBAH WHICUMOMTOP KHUCJIOTHOM KOPPO3WH
COMO® [1]. Ero monbHOe cooTHoleHne (pakiun (heHOI0B, MOHO3TAHOIaMUHA
1 (opmanuna cocrasnser 100 : (62-74) : (54-70) cootBeTcTBeHHO. MHrHONUTOP
npeAcTaBiser co00i JIErKOMOABMKHYIO JKMAKOCTE TEMHO-KOPUYHEBOIO LBETA,
OH XOpOLIO PacTBOPSIETCS B MOJISIPHBIX OPraHUYeCKUX pacTBOPUTEIAX U OrpaHu-
YEHHO B KUCJIOTAX, B BOJIE MPAKTUUECKH HEPACTBOPUM.

COM®D npuMeHsIOT B KUCIbIX Cpeaax B MHTepBasie KoHUeHTpaunid 1-30 r/n
B 3aBUCHMOCTH OT TeMIMepaTypbl U KMCIOTHOCTH cpeibl. Takas KOHUEeHTpalus
SIBIISIETCS. BLICOKOM [Ulst 9(D(PEKTUBHBIX HHIMOUTOPOB. J{J1s1 €e CHUXKEHMS, & BMe-
CTe € TeM U pactuupenusi obmacreil npumeHeHust nHruoutopa COM® paspabo-
TaHbl €ro0 CUHEPreTUUECKne CMECH ¢ Pa3InYHbIMUA OpraHMYecKMMH U HEOpraHu-
yeckuMu npucaakamMmu. OnHaKo CToOMKUN HenpusTHBI 3anax COM®, obycros-
JICHHBIII HM3KUM [OPOrOM UYBCTBHUTEIBHOCTH OCTATOUHbIX CIAHLEBBIX (DEHO-
JIOB, MPENATCTBYET €ro LUMPOKOMY HCIOJIb30BAHUIO.

C uenblo yCTpaHeHHs MepevrclieHHbIX Bblllle HEJ0CTAaTKOB Ha 0ase Mpou3-
BOJIHbIX OEH30IHONH KHCIOTHI CHHTE3MPOBAH HOBBIM WHTHOUTOP KHCIOTHOM
Koppo3uu [2]. Cbipbe Uist €ro NpON3BOACTBA B DCTOHUN UMEETCSI.

B kauecTBe CbIPbEBbIX KOMIOHEHTOB /Ul MOJYUYEHHS MHTHOMTOpA KUCIOT-
HOIf KOppo3uM, Ha3BaHHOro Hamu KBM, wucnojb30BaHbl MOHO3TAHOIAMMUH
(MDA), ausranonamuH (JIDA) 1 kyOGOBbIii 0OCTaTOK MPOM3BOJCTBA OEH30MHOM
kucaotsl (KO).

Ky0oBblil ocTaToOK SIBISIETCS OTXOJ0M MPOU3BOACTBA OEH30MHON KHCIIOTHI,
MoJlyuaeMoil METOJIOM KMAKO(A3HOrO OKMUCIEHHs TONyoNla BO3IYXOM HIIH
KHCJIOPO/10-BO3/1YLLHON CMECBIO B MPUCYTCTBUM KODAJIbT-MapraHileBOro Karta-
Aau3aTtopa. Ero cocras He persaMeHTHpYeTCs U KOJeOJIeTesl B CleyoLKX Mpe-
nenax, %wmoun.: 6ensoiftas kucnora (bK) 32-60, oensundensoar (BB) 12-32,
qudennakapbonosas kucnora (IPK) 5-14, nukapboHosas kuciora (tepedra-
nesas, uzo(ranesas, oproranesas) 1-5, cMOnUCTbIE U HEMACHTH(DHUIMPOBAH-
Hble coefiMHeHus — octanbHoe 10 100. TemnepaTypa naaBneHusi Ky0oBOro oc-
tatka cocranisier S50-70 °C, ycnoBHas BSI3KOCTb (C€K) U MIOTHOCTb (r/cm“) npu
temnepatype 700 °C paBubl 3,6 1 1,1—1,2 cOOTBETCTBEHHO.

CuHTe3 NpoBOAMIIN MYTEM HArpeBaHU CMECH ChIPbEBBIX KOMIOHEHTOB MpH
temneparype 170 °C B TeueHue 5-6 4acoB A0 MpeKpalleHus! BbIAENEHHs BOJIbI
KaK Ajs MHAMBUAYalbHBIX COeAMHEHMIT: OeH30iHas KucioTa, OeH3n-6eH3oar,
Au(peHnaKapOoOHOBas KUCI0Ta, — Tak M JUIs X CMECH B BHJIe KyOOBOrO oCTaTka
MPOU3BOICTBA OEH30WHON KHCIOTHI. Peakunu, mporekaioliMe npu cuHTe3e,
OMUCHIBAIOTCS CIEAYIOLUMMH YPaBHEHUSIMHU:
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c MDA

RCOOH + NH,CH,CH,0H = RCONHCH,CH,0OH + H,O
M3A

RCONHCH,CH,0OH + RCOOH = RCONHCH,CH,OCOR + H,0,
WIS = C6H5-

(exema 1)

2RCOOH + NH,CH,CH,OH = RCONHCH,CH,OCR + 2H,O
RCONHCH,CH,0O0CR + NH,CH,CH,OH = 2RCONHCH,CH,OH,
rae R = C¢Hs-

(cxema 2)

RCOOR + NH,CH,CH,0OH = RCONHCH,CH,CH,0H + ROH,
rae R = C¢Hs, CH3CgHs-
(cxema 3)
c DA

RCOOH + HN(CH,CH,0H),
HOA

-H,0
RCON(C,H4OH), «—— RCOOC,H;NHC,H,OH
Amun AMuHO3bUp
+RCOOH

+]I2A +]I1DA

-H,O
RCOOC,HsNC,H,;O0CR RCOOC,H4sNC,H,OH

COR COR
+RCOOH

-H,0

RCOOC,HsNHC,H;O0CR,
rae R= C(,H_s-

(cxema 4)
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Kak crietyer u3 npuBeeHHbIX cxeM -3, B ciyuae peakunu ¢ MDA OCHOB-
HBIM MPOJIYKTOM peakiiy SIBJISeTCs STaHojamul OeH30itHON KucaoTel. Hapsay
C 9TUM B KayecTBe MOOOYHOrO MPOAYKTa MOMKET 00pa3OBbIBATHLCH CIIOKHBIN
a¢up (cxembl 1 1 2). O6pazoBaHue 3TaHONaMK1a OEH30/HOI KUCIIOThI C BbIXO-
oM 80 % nokazano metonom SIMP *C npu nposenenny peakuun meskay BK u
MDA B TeueHue 5 vacoB npu Temnepatype 170 °C U MOJBHOM COOTHOIUICHUU
B :MBA =11 21,1

Peakiyiss 00pa3oBaHusi TaHOJAMUIOB Ha OCHOBe (eHnIKkapOOHOBOW U
JIMKApOOHOBBLIX KUCIIOT MPOTEKAET aHAIOMMYHBIM 00pa3oM. BeHsuioBblil a¢pup
OeH30iHON KMCIOThI B 3TUX ycioBusix pearupyeT Ha 90 %. Hapsany ¢ amuaiom
obpasyercsi apomartuyeckuii cnupt. CorjacHo JUTepaTypHbIM JaHHbIM [3], MO-
HOATAHOJAMM/L KUCJIOTbI MOXKHO MOJYYUTb ¢ 99 J0-HbIM BbIXOAOM B TOM Cllyyae,
eclIi CHavasa 2 MOJIsi OpraHi4eckoil KueaoTsl U 1 Mosiib MDA pearupytot ¢ 00-
pazoBaHMEM alMUIaMUHOITUIIOBOro 3(upa OpraHU4YecKol KUCIIOThI, a KUCIO0Ta
3ateM TpaHcaTepuduuupyercs ¢ ee ogHuM MosieM MDA (cxema 2).

Peakuus ¢ J[DA emie crnoxkuee. Kpome sTaHonamuga odpasyercs aMHUHO-
a(hup, KOTOpbI pearupyeT ¢ u3dbITKOM [IDA HenocpeacTBEHHO U YEPE3 ApY-
rue MpoMeXyTo4yHble coenuHeHus (cxema 4). M30biTok DA B peakLMOHHOM
MPOJyKTe BeJeT K 00pa30oBaHM0 aMMHOBOI COJIM O€H30HHOM KUCIOTHI.

YcioBusi CUHTE3a MHIMOUTOPOB KOoppo3uu Thna KBM u uX 3aliuMTHbIE Xa-
pPaKTepUCTUKM MpuBeaeHbl B Tabia. 1. BBuay ClI0KHOCTH cocTaBa MPOLYKTOB
peakiuu, a TakKe B COOTBETCTBMM C MOCTABIEHHON LeNbl0 paboTbl YCI0BUs
CHHTE3a ONTHMH3HPOBAIH 110 CKOPOCTH KOpPO3iu K (I/M” -+ u) 1/WIM 110 3aLuT-
Homy addexty Z (%) nojyyeHHbIX MPOAYKTOB B 5 %-HOI CONSIHONH KucioTe
oTHocuTesbHO cTanu CT.3.

Kax BuiHO U3 Tabn. 1, MHTMOUTOPBI, MOJYYEHHbIE HA OCHOBE WHAMBUAYallb-
HbIX COEAMHEHWi, BXOMSLIMX B KyOOBBIl OCTaTok., o0nagatoT 0ojiee HU3KHUM
3alUTHBIM 3()(HEKTOM M0 CpaBHEHUIO C CUHTE3MPOBAHHBIMUM Ha OCHOBE KyOOBO-
ro OcTaTKa.

He3aBucumo oT cocTtaBa Ky0OBOro 0CTaTka MPOAYKThl, MOJYUYEHHbIE B YCIIO-
BHSIX, OJIM3KUX K ONTUMAbHBIM, 00/1a1al0T BbICOKUMHU 3ALUTHBIMU XapakTepH-
ctukamu (Tads. 2). JlaHHble Tadu1. 2 yKa3blBAOT HA LIEJeCO00Pa3HOCThL MpoBe/e-
HHMS Tpolecca CHHTE3a MpPUH  MacCOBOM  COOTHOLUEHMHM KyOOBBIN ocTa-
ToK : MDA = (1,5-3,5) : 1,0. [IpuBeieHHOE MaccOBOE COOTHOLLIEHUE COOTBETCT-
BYET MOJIBHOMY COOTHOLLIEHHIO:

(cymma mouteit kuenoT 1 3¢gupos) : MDA(JIDA) = 1,0 : (1,0-2.3).

VMeHbLIaTh MOJbHOE cooTHoweHue Hipke 1,0 : 1,0 HeuenecoobpasHo, Tak
KaK BBUJ1y HEMOJIHOTbI MPOTEKAHUSI PeaKLni aMUHOALUIMPOBAHHS B KOHEUHOM
MPOJYKTE OCTAeTCsl HerpopearnpoBasilas OeH30HHas KHCIOTa, KOTOpas BIIO-
CIIEICTBUH KPUCTAILIM3YETCS HA TOBEPXHOCTH. YBEIUUYEHHUE MOJILHOIO COOTHO-
LLIEHUS:

(cymma moueii kucenot u a¢pupoB) : MOA(JIDA) Beie 1,0 : (2,0-2,5)
TaKkKe He MPUBOAUT K MOJOXKUTENbHOMY (D DeKTy.
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Kpome Toro, n30bITouHoe KOIM4ecTBO MDA, yCHIMBAET TOKCHYHOCTh MPO-
JYKTa peakiuuu 1 TpedyeT ero A0MOJHHUTENbHON OUUCTKH, a 3alUTHBINH 3 dekT
MHrMOUTOpa B JJAaHHOM Cllydae He BbIle, YeM MpPH MCMOJb30BaHUKU Dosee HU3-
KHX MOJIbHbIX COOTHOLIEHHUIT pearupyoLinx BeLecTs.

TemnepaTypHblii nHTEpBan cuHTe3a MHrHoUTOopoB THna KbM 170-180 °C.
[Tpu Temneparype Bbie 180 °C HaO01aeTCst OCMOJIEHHE KOHEUHOTO MpPOoayK-
ta. [1pu remnepatype Huke 170 °C cHmkaeTcs 3alMTHbLA 3¢ dexT (Tad. 2).

CHHTE3UPOBAHHbI MHMMOUTOP KOPPO3UM MpEACTaBisieT COOO0H KUAKOCTh
TEMHO-KOPUYHEBOrO LIBETA, MPO3PAUHYIO B MPOXO/SIIEM CBETE, CO cladbiM 3a-
naxom ropbkoro MuHaais. [11oxo pactBopsieTcs B BOjAe, Toayolle, alleToHe. Xo-
poLo pactBopsiercst B crnupre. Craduien npu Xpauenuu. [TnorHocts npu 20 °C
1.2-1,3 r/em’, IMHaMudecKkas BS3KOCTb npu 20 °C 3.3 [la - ¢, Temneparypa 3a-
CTbIBaHMs He Bblle Munyc 35 °C.

TopmoskeHne Koppo3uu noj BausiHuem uHrnouropa KbM usyuanu ¢ nomo-
IO METOJIa TajibBAHOCTATHUECKUX MOJSPU3ALMOHHBIX KpHBbIX. KOppo3noH-
HOI SUCITKOM TPH STOM CIYIKI CTEKISHHbIH cTakal obbemom 100 cm’. B kaue-
CTBE 92JIEKTPOJAa CPABHEHWUsI HCMOJb30BANM HACBILEHHbIH XJopcepedpsiHblii
anekTpoa (HXCD) mapku D9BM-M1.

M3mepeHHsi IPOBOAMIN HA ABYX LUMIMHAPUYECKUX DJIEKTPOJAX MIOlIaAbio
0.2 cM”, OIMH 13 KOTOPBIX MOJAPH3OBANM AHOMHO, a APYroii — KaTOMHO. Jriek-
TPOXMMHUUECKHE HCCIIE0BaHUST NPOBOAMIN B 5 %-HOW COJSIHON KHCI0TE npu
20(x1) °C B cTaTH4eCKUX YCIOBUSX NPH KOHLEHTpALMK HHruouTopa 1 r/i.

[Ton nericteuem wunrudouropa KBEM nonsipuzyemMocTs (TOpMOXkeHUE) [0
CpaBHEHUIO C 5 %-Hoil CONsiHOM KHUCIOTOW BO3pacTaeT: karoaHas ¢ 66 10
280 MB, anozHas ¢ 88 1o 160 MB, To ecTb HabmogaeTcs yBeauyeHUe nosipu-
3yeMOCTH 000MX 3JIEKTPOAHBIX MPOLIECCOB.

TakuM 00pa3oM. MOJyueHHbIH MHMMOUTOP MOXKHO OTHECTH K Kjlaccy cme-
LIAHHBIX UHTMOWTOPOB C MPEUMYLUECTBEHHLIM TOPMOXKEHUEM KATOLHOrO MpO-
liecca, Ha YTo yKa3blBAeT CMELEHHe CTallMOHAPHOro NoTeHunana craim B 5 %-
HOI COJISIHOM KUCJIOTE B MOJOXKUTENLHYIO CTOPOHY ¢ 484 10 450 MB.

OnpeneneHbl obaacty ucrnonb3oBanus uuruoutopa KbM. Opna u3 Hux —
XMMUYECKas OUMCTKA TEII0dHEPreTHYECKOro 000pyA0BaHUs COJISIHOM KMCIOTOM
2-6 %-HOii KOHLEHTpALUWUK [pU TEeMIepaType OTMbIBOUHBIX pacTBOpoB 20—
80 °C. OntumanbHas koHueHTpauus uHruouropa KbM ans 5 %-Hoil cosisiHOM
kucsoTbl 1 Temnepatypbl 60 u 80 °C pasna 1,0 r/n (3awmTHblil ahdext 96,0 u
97.5 % cOOTBETCTBEHHO).

Jpyrasi 0011acTh UCNONb30BAHUS — HHIHOWTOpHAsSE 0OpPabOTKa BO/bI B CUCTE-
Max ropsiuero BogocHabkeHus. 3awuTHblil adext narudéuropa KbM npu ero
KOHUeHTpauuu | r/n B AuCTUIIMPOBaHHOI Boge ¢ Temmnepatypoii 85-90 °C u
ckopocTu aBwkeHust cpeabl 0,5 m/c cocraBnser 98 %, ckopocTh KOppo3uM —
0,04 r/M7u.
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BuiBoab1

Ha ocHOBe 0TX0/a MPOMBILLIJIEHHOrO NPOU3BOACTBA OEH30MHON KUCIOTHI — KY-
060BOro ocraTka U aMMHOCMUPTOB (MOHO3TAHOJAMUHA M JIMITAHOJIAMUHA) CHH-
TE€3UPOBAH HOBBI MHrHOMTOP KOppo3un KBM s He#lTpajibHbIX M KHCIIBIX
cpen.

[Tockonbky KyOOBbIif OCTATOK 0 CUX MOP HE HAXOAUT KBaIM(ULUMPOBAHHO-
r0 UCHOJb30BAHMS U 3arps3HAET OKPYIKAIOLLYIO CPe/y, ero MCMOoJIb30BaHUE IS
MoJiydeHUs: MHTMOUTOPOB KOPPO3UHM MPEACTaBseT CO00i OAHO M3 BO3MOMKHBIX
HanpaBJIeHWi ero yTuian3anuu.

SYNTHESIS OF NITROGEN-CONTAINING CORROSION
INHIBITORS (KBM) BASED ON BENZOIC ACID
AND ITS DERIVATIVES

L. GRIGORYEVA, S. PASTUSHKOVA,
A. TSHEPELEVICH

Summary

Synthesis was studied on the basis of benzoic acid and its derivatives (benzyl ben-
zoate, biphenyi carboxylic acid) and amino alcohols (monoethanolamine, dietha-
nolamine) with testing the synthesis products under laboratory conditions as cor-
rosion inhibitors.

As initial material for the synthesis with monoethanolamine the residue of ben-
zoic acid commercial distillation was used. The latter was characterized by the
following chemical composition, mass %: benzoic acid 32-60, benzyl benzoate 12-
32, biphenyl carboxylic acid 5-14, dicarboxylic acids (terephthalic and isophthalic
acid, and orthophthalic acids) 1-5, unidentified compounds - balance.

The optimum conditions for the above synthesis to produce the KBM corro-
sion inhibitor were determined: temperature 170 °C, reaction time 5-6 hours, mass
ratio of distillation residue to monoethanolamine 2.6 : 1.0.

The product of synthesis (KBM inhibitor) was tested for protective effect on
carbon steel in acid medium by the gravimetric method. Testing results showed
that by adding the inhibitor in a concentration of 1 g/l to 5 % aqueous solution of
hydrochloric acid the protective effect was as high as 97 % both at 20 and 80 °C.

The action mechanism of the KBM inhibitor on corrosion inhibition was
studied by the method of galvanostatic polarization curves. Electrochemical studies
were performed in 5 % hydrochloric acid under static conditions at 20(%l) °C at
an inhibitor concentration of 1 g/I.

It was shown that cathodic polarizability in comparison with 5 % hydrochloric
acid increased from 66 to 280 mV with anodic polarizability growing from 88 to
160 mV. The product is a mixed-type inhibitor with an inhibiting effect predomi-
nantly for the cathode process.
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Fields of application for the produced inhibitor have been determined. It can
be used, for example, in the process of chemical cleaning of thermal energy
equipment with 2-6 % hydrochloric acid at 20-80 °C. The optimum concentration
for the KBM inhibitor was shown to be 1 g/l in 5 % aqueous solution of hydro-
chloric acid at 60 and 80 °C. The protective effect of the inhibitor equalled to 96.0
and 97.5 %, respectively.

The product can also be used for inhibitor treatment of water in hot water sup-
ply systems. In this case, the protective effect of the KBM inhibitor at a concen-
tration of 1 g/l in distilled water at 85-90 °C and a velocity of the medium of 0.5
m/s equals to 98 %.

In the present study, one of the possible ways is shown of utilizing the benzoic
acid distillation residue - an environmentally harmful waste product which has no
useful application so far.
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