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ACCELERATED LOW-TEMPERATURE PHOSPHATING FROM
SOLUTIONS OF RUST CONVERTERS

Abstract. Along with phosphating solutions, rust converters are widely used to obtain anti-corrosion coatings,
the use of which does not require preliminary treatment of the metal surface, as is the case with traditional
phosphating solutions. However, methods for accelerating phosphating in solutions of rust converters have not found
proper application and remain little studied. The aim of this work was to use organic nitro compounds as accelerators
in solutions of rust converters for accelerated low-temperature phosphating of the iron samplessurface. Phosphomet
and Tsinkar solutions manufactured in industry were used as rust converters, and sodium nitrophenol and sodium m-
sodium nitrobenzosulfonate (m-NBS) were used as accelerators. The corrosion resistance of the formed coatings
(ZCA), determined by the drop method of Akimov, is compared with the corrosion resistance of coatings deposited
from traditional phosphating solutions. The deposition of phosphate coatings was carried out at a temperature of
40°C, a deposition time of 10 minutes, a solution stirring speed of 500 pm.A study of the effect of phosphate
accelerators on the change in the surface structure of deposited coatings, roughness, thickness, and adhesion is
carried out.
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Introduction. Corrosion resistance of cold rolled steel depends on the type of conversion coating. The
most widely used conversion coatings for surface treatment of ferrous and non-ferrous metals are
phosphate coatings providing excellent corrosion resistance, wear resistance and adhesion [1-8]. The main
disadvantage of existing phosphating solutions is the high energy intensity due to high operating
temperatures - 70-90°C. The disadvantage associated with working at high temperatures is the high
demand for energy, which is a serious problem in modern conditions.One of the possible ways to reduce
energy costs and eliminate difficulties arising from the formation of scale on the heating elements and
overheating of the phosphating bath is the use of low-temperature phosphating [9-12]. The processes of
low temperature phosphating are very slow and should be accelerated using special accelerators [13-16].
Organic nitro compounds are most widely used to accelerate phosphating processes [17-24]. These
compounds, along with the acceleration of phosphate processes, contribute to an increase in the protective
ability of formed coatings. The main objective of this study is the development of phosphating solutions
based on rust converters using organic nitro compounds as accelerators, which make it possible to obtain
low-temperature coatings with high corrosion resistance.

Experimental

The formation of protective anti-corrosion coatings on steel samples (St.3) was carried out using
phosphating solutions (1-3) having the following compositions:
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FR-1(1): ZnO — 0,145 r/1; MnSO+H:0 — 0,061/, HNO; — 0,083 M1, HsPO4 — 0,184 M; NaOH — 0,0315 1/

FR-1(2): ZnO — 0,58 r/x; NiNOs6H,0 — 0,26r/1; HNO; — 0,332 M1, HsPO4 — 0,73 mur; NaOH — 0,126 r/n

FR-1(3). ZnO — 0,725 r/x; NiNO36H-0 — 0,33r/1; HNO; — 0,415 mx; HsPO4 — 0,92 mx; NaOH — 0,1575 /1

FR-1(4). ZnO — 1,16 t/1; NiNOs6H,0 — 0, 5208r/m; HNO: — 0,614 mx, HsPO4 — 1,472 mor; NaOH — 0,252 /1

FR-2 — ZnO - 0,02631/1, Ni(NOs), 6H>0-0,062r/1 Mn(NO3),6H0 - 0,025r, HNO3-0,083m1, HsPO4 - 0,23M1,
NaOH-0,0604 /1

FR-3 - ZnO - 0,0677 /1, Ni(NO3)2-6H-0 - 0,0408 1/1, Mn(NO3)2+6H0 — 0,127r/1, HsPO4 - 0,226 M, NaOH -
0,0376 t/x

To deposition phosphate coatings, rust precursors Phosphomet and Tsinkar were also used.
Nitrophenol and sodium m-nitrobenzosulfonate were employed as phosphate accelerators. The reagents
used in the work had the mark "x. 4" and "oc.a" and distilled water was used to prepare the solutions.

The surface of metal samples (Art. 3) was cleaned with abrasive material on a mechanical rotating
machine, followed by washing with distilled water. Microphotographs and the surface structure of iron
samples with phosphate coatings were studied using an OLYMPUSLEXTOLS 4100 microscope. The
thickness of the coatings was determined using a thickness gauge of galvanic coatings Constant K6C.
Coating strength was determined on a PosiTestAT digital adhesiometer by measuring the minimum tensile
stress required to separate the coating from the surface of an iron sample. The corrosion resistance of
phosphate coatings was studied by the drop method of Akimov [25].

Results and discussion

The effect of nitrophenol on the corrosion resistance of phosphate coatings obtained from solutions of
rust converters Phosphomet, Tsinkar and phosphatizing solution FR-1 (4) using the Akimov drop method
on iron samples was studied (Fig. 1). The deposition of phosphate coatings was carried out at a temperature
of 40 ° C, a deposition time of 10 minutes, a solution stirring speed of 500 rpm. The concentration of
nitrophenol in the phosphate solution was varied from 0.1 to 5 g/L.

Thus, it was shown that the deposition of phosphate coatings from the solution of Phosphomet in the
presence of an accelerator of 5 g / | nirofenol leads to the formation of a uniform, firmly bonded to the
surface of the iron sample (6 MPa) coating, 2 um thick. With a degree of roughness (Ra-1,731 and Rz -
11.612) and corrosion resistance of 330 s., which is much higher than the corrosion resistance of coatings
obtained in the absence of an accelerator.
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Figure 1 - Effect of nitrophenol on the corrosion resistance of phosphate coatings
from phosphating solutions Phosphomet, Tsinkar, FR-1 (4), FR -2

According to Fig. 1, the greatest increase in the anticorrosion resistance of the resulting coatings on
iron samples under the conditions described above occurs when using the Phosphomet rust converter.
Under similar conditions, when using the Tzinkar rust converter (Fig. 1, curve 2), with an increase in the
concentration of nitrophenol from 0 to 2.5 g/L, an increase in the corrosion resistance of the phosphate
coating is observed, however, at higher nitrophenol concentrations, a decrease in the corrosion resistance
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of the coatings under study is observed. The presence of nitrophenol in traditional phosphating solutions
(Fig. 1, curves 3,4) does not cause noticeable changes in the protective ability.

Another dependence of the phosphate coatings protective ability formed on an iron sample is
observed when sodium 3-nitrobenzosulfonate (m-NBS) is used as a phosphatization accelerator.

Fig. 2 shows the dependence of changes in the protective ability of coatings obtained from
phosphating solutions of FR (1-4) and rust converters Phosphomet and Tsinkar at different concentrations
of sodium 3-nitrobenzene sulfate. The concentration of m-NBS was varied from 0 to 50 g/1.

According to Fig.2, the highest corrosion resistance of phosphate coatings obtained from various
phosphate solutions in the presence of sodium 3-nitrobenzene sulfonate is observed in a Tsinkar phosphate
solution - 180 s. In Phosphomet solution with an increase in the concentration of sodium 3-
nitrobenzosulfonate, an increase in the corrosion resistance of the formed coatings occurs to a lesser extent
compared to Tsinkar solution.At a concentration of sodium 3-nitrobenzosulfonate of 50 g/l, the corrosion
resistance of the coating in Phosphomet solution is 104 s. In phosphating solutions of FR — 1 (1,2,3,4), the
effect of sodium 3-nitrobenzosulfonate is observed to a much lesser extent.
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Figure 2 - Effect of the sodium 3-nitrobenzosulfonate concentration on the corrosion resistance
of phosphate coatings from various phosphate solutions on steel samples

The microstructure of the iron samples surface with deposited protective coatings from Fosfomet
solution with different concentrations of nitrophenol was studied.Fig. 3 shows the effect of nitrophenol on
the 2d and 3d structure of the formed coating from Phosphomet solution. The concentration of nitrophenol
was varied from 0.5 to 5 g/l. According to Fig. 2, the addition of nitrophenol 0.5 g/l to the solution of
Phosphomet results to formation of a uniform fine crystalline precipitate with an average degree of filling
and a roughness of Ra - 0.965 and Rz - 6457.An increase in the concentration of nitrophenol to 2.5 g/l
contributes to an increase in surface filling, a slight increase in grain size and a decrease in roughness Ra -
0.691 and Rz - 4.420.A further increase in the concentration of nitrophenol to 5 g/l leads to a complete
filling of the surface, a significant increase in grain size and an increase in roughness Ra-1.731 and Rz -
11.612.

The thickness of the formed phosphate coatings deposited from the solution of Phosphomet at
different concentrations of nitrophenol was determined using a thickness gauge of galvanic coatings. Fig.
4 shows the dependence of the thickness of the phosphate coating from the Phosphomet solution on the
concentration of nitrophenol at a deposition temperature of 40 © C and a deposition time of 10 min.
According to Fig. 4, with an increase in the concentration of nitrophenol in the phosphate deposition
solution, an increase in the thickness of the formed phosphate coating is observed. At a nitrophenol
concentration of 5 g/l, the coating thickness is 2 um.
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Figure 3 - 2d and 3d micrographs of iron samples with precipitated phosphate coatings
from a solution of Phosphomet in the presence of various concentrations
of nitrophenol (g/1): a—0,5,b- 2,5;¢c- 5
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Figure 4 - Dependence of the thickness of the phosphate coating formed in the solution of Phosphomet
on the concentration of nitrophenol (g/1): 1 -0.5;2-2.5;3-3,5;4-4,6;5-5,0,6-6,5

The adhesion of the phosphate coating to the surface of the iron sample was determined from the
concentration of nitrophenol in the phosphate deposition solution Fig. 5 shows the dependence of the
minimum breaking stress required to separate the coating from the iron surface at different concentrations

of nitrophenol in the deposition solution.
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Figure 5 - Dependence of the rate of the phosphate coating separation on the surface
of the iron sample at different concentrations of nitrophenol in Phosphomet solution

According to Fig. 5, with an increase in the concentration of nitrophenol in Fosfomet solution, an
increase in the adhesion strength of the formed coating to the surface of iron samples is observed.

The greatest adhesion to the surface of the iron sample is observed for coatings deposited from a
Phosphometsolution with a nitrophenol concentration of 5 g/l.

Conclusion

Thus, it was shown that the deposition of phosphate coatings from the Phosphomet solution in the
presence of an accelerator nirophenol of 5 g/l leads to the formation of a uniform, firmly bonded to the
surface of the iron sample (6 MPa) coating, 2 um thick, with a degree of roughness (Ra-1,731 and Rz -
11.612) and corrosion resistance of 330 s., which is much higher than the corrosion resistance of coatings
obtained in the absence of an accelerator.

The present work was carried out by the projects No IRN AP05133055 on the topic “Development of
anticorrosive phosphate materials for oilfield equipment” and No IRN AP05132222 on the topic
"Development of resource-saving technology for applying ceramic adhesive nanocoats with improved
characteristics” funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan.
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TOTTAPABI TYPJIEHIPTTII EPITIHALIEPAET T dKbLITAMIATBLIFAH
TOMEH TEMIIEPATYPAJIBI ®OCDPATTAY

Annoramus. QocdaTTaymibl epiTIHAUICPMEH KaTap Kasipri Ke3je KOpposwsra Kapchl KalTaMa ajiy YIIH JaCTypii
docdartraymsl epiTiHaLUIepAeTi el MeTal GeTiH alJBH ala oHJey Al KaXXeT eTHeUTIH TOTTapAbl TYPIASHIIPTINI epiTIH/IIeD
KeH KOJJaHblc TanThl. Ajaiija TOTTapAbl TYPIEHIIPIINT epiTiHauiepae QocdaTray MpONeciH XBUIJaMJATy SKOIBI a3
3epTTEIIHIN KaKeTTI KOJJIAHBIC Talllafbl. LYJ JKYMBICTHIH MakcaThl TeMip YITUIepiHiH OeTiH ToMeH TeMIepaTypajia
KbLTmaM  QocdaTray YIIH TOTTapAbl TYPIACHIIPTIN epITIHAUIEpAe OPTaHUKAIBIK HUTPOKOCBUILICTAPABI KBLIIaM-
JATKBINTap peTiHe naiifanany Coxplr Tabbuiabl. ToTTap bl TYPASHIIPTINI peTiHe oHIipicTe MBIFapbliaTHH PochomeT
xoHe [{MHKaph KoJIgaHbIICa al KBUTAaMIATKEIIITap peTiHe HUTpo(eHOI MeH HATPHiiIIH M- HUTPoOeH30CY Tb(OHATE (M-
HEBEC) xonpansasl. TysineTiH KanTaMaHBH AKIMOBTHIH TaMITBIIE 1ICIMECH aHBIKTAIBIHFAH KOPPO3MSUTBIK TYPAKTHUIBEFHL
JocTypmi ocdaTTayImsl epiTIHIUIepeH alblHFaH KalTaMalapJblH KOPPOSISUIBIK TYPaKTBUTEIFBIMEH CaIBICTHIPBIIIBL
QocdarThl Kanramanapasl KoHaspy 40°C temmepatypama, 10 MUH KOHABIPY yaxbIThIHAA koHe 500 alfHanbM/MUH
ePITIHJIIHI apalacTHIPy KBULIaMIBIFBIHIA KYprizuim. KypaMbiaaa HuTpodenon comaran GocdaTThl KalTaMaHbBH KOppo-
3VSUTBIK TYPaKTHUIBIFEL 42 ¢ GONaTHIHABIFB KOpCeTULAl. EpITIHAAe HUTPO(PEHONIBH KOHICHTPAIMSCHHBIH apTybIMeH,
KOHIICHTpaIysIchl 5 T/ Gomranga Ty3uleTiH ¢ocdaTThl KanTaMaHbIH KOPFAFRIMTHIK Kabineri 330 c-ka jgefiH apTapl
[Muakapp epitinaiciage HUTpodeHoIIbH KoHmeHTparuscsl 0,1 nen 2,5 mu re geitin aprkanga docdaTThl KanTaMaHBIH
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KOppo3usara TypakTEUIEFEL 78c-TaH 110c-xa meitin apramel. HurpodeHOIIBIH KOHIICHTpalusICHHBIH KaTFacThl apTKaHAa
KOppO3MIFa TYPaKTHUIBIFE 43¢ - Ka aettin temeneitn. Hurpodenonapin OP-1(4) gocdarraymnisl epiTiHIiIeH albHATHIH
¢docdaTTH KanTaMalapABH KOPPO3WSIIBIK TYPaKTBUIBIFBIHA ocepl aHarypieIM as3. CoHABIKTaH, HUTpodeHoI (ochoMeT
epITIHJIICIHe TY3UIeTiH PocdaTThl KanTaMalap IblH KOPPO3MSUIFIK TYPaKThUIBIFRIHA aHaFYPIRIM acepi Turizeni. M-HBC -
THL KOCKaH Ke3Jle ITMHKaphk epITIHJICIHAe anbHFaH (ochaTThl KanTaMaHBH KOPPO3MUIBIK TYpaKTHUIEFEHA 180 ¢ —Tan
keOlpek acep eTeTIHAIN kepceTuUrml. |luHKapbMeH calblcThHIpran/a TYSiJ'IeTiH KalTaMaHbIH KOPPO3WSIIHIK TYPaKTBLILIFBI
docomer epitimgicinge (M-HBC)-HBIH KOHIEHTpaIlMSCEIHBIH ocyiHe OalilaHBICTEI apTyel a3 Oomagsl. M -
HUTpOoOeH30cyIbdoHaTHHEE (M-HEC) 50 1/1 KOHIICHTParlHsChH/a (’1000(’100M6T epITIHAICIHE KOPPO3MUUIBIK TYPaKTBUIBIK
104 ¢ - o1 kypaitasr. ©P-1 (1,2,3.4) epitimainepinge (M-HBEC)-upIH acepi a3 Galikamaapl. DIEKTPOHIBIK MUKPOCKOITIH
KeMeTiMeH QocdaTray IpoIleciHiH KbUIaMAaTKemTapbl (M-HBC) MeH HATpOQeHONABH TY3UITeH KalTaMaHbIH KYPhUTHI-
CHIHA ecepi sepTremiul. MukpodoTomap KbUIJAMAATKHINTAPAE TY3UITeH KanTaMaHBIH MaKCHMAalAbl TYPaKTHUIBIK
KOpCeTeTiH OHTAMIBI KOTICHTPAIMACHIH/IA AJTBIHIBL. Temipaig Geringe (’1000(’100MeT eplTlHZ[lClHZ[e M-HEC-aw1H (50) 1/1
KOHIIGHTPAlMSICHIHAa HWHe Topizdl ¢QocdaTThl KalTaMalap TY3UICTIHAIT KepceTUIAl. ArTalfaH KalTaMaHBIH Ke;up-
Oymplpabrel Ry = 1,597 m R, = 8,731, xoppo3msiiblk TypakThUIBIFEl 104 ¢-THl Kypaitasl. JKpUimaMIaTKBIN peTiHe
murpodeHoI Bl (5 1/71) maliamanraHga Kemip-OyabIpiasirel R, = 5,731, R, = 11,62 GoJaThIH koHe KOPPO3WSLIBIK
TYPaxThUIBIFH 330 ¢-THl KypalTHIH TeTic ipl KPHCTaI B KanTaManap Ty3uied. M — Hurpober3ocyab¢oHaTHHBH (50 1/1)
ITMHKaphFa KOCKaH/a TYSiHeTiH KaIrraMaHbIy OeTi TericipeK 6omamsl. Kemip - oyapipmeirel R, = 1,795 u R, = 10,527
kypatinsl. TorTapast TYpJ'IeHZ[lpI‘lH_I IIUHKApb eplTlHZ[lClHZ[e HuTpodenon (2,5 r/m) OonraHma TYHIPIIIKTEpIHIH eJIMmeMI
Oipyeit ComaThIH yeak TYI/IlpH_IIKTl Karramaiap TYSIJ'IeTlHZ[lI‘l Gatikamamel. Kemip - 6¥Z[BIpJ'IBIFBI R.=1,026 u R, = 7,691
Kypalinel. OU3MKANBIK oflcTepAl MaifjjaNaHBIN TY3UIETIH KalTaMaHBI 3epTTeliHl: (ocdomMeT XKoHe IMHKAPh epiTiH-
nitepineH HuATpodeHoMAbIH (2,5 1/1) Oipfeit KOHICHTpaIsICHIHAA aJbIHFaH KalTaMaHBIH KAIBIHABIFEI MEH TeMIp
VITUIepiHiy OeTiHe alre3wsChIH 3epTTey, KalnTaMalapAblH TeMip YIrulepiniH OeTiMeH OalimaHpIcy OEpIKTITIH 3epTTey
GapbIchiHfa QocdaTThl KanTaMaHbIH TeMip OeTiMen Oaitmanbicy Oepiktini dochomerte 4 Mlla/e, an munkappaa 3,5
MITa/c-Thl KypalTHIHIBIEB KOPCETULIL.

OP-pocdaTraynisl epiTiHAUIEpIHe HATPHIIH M-HATPOOSH30CY POHATHIH KbULIaMIATKBIT peTiHje MaliantaHy TeMip
yiritepiniy OeTiMen Gaiimanplcy OepiKTITiHIH apTyblHa alTapiblkTaif acep ermelimi. Kenaip-OyAbIpiIbIFEl aHAFYPIBIM a3
’KoHe YITIHIH OeTIMEeH >KaKChl aJres3rsUlaHaThlH  KalTaMa HHUTPO(EHON KaThICHIHIAFE (pocoMeT epiTiHJICIHeH
AITBIHATBIH/IBIFB] aHBIKTATBIH/EL. 1Y3UIeTIH KaTaMaHbIH KaTBIHABFEHA (ocdaTTay MPOIeciHiH KBULIaM JaTKBIITapHIHbIH
acepi 3eprTemnl. KanrMaHeH KaasiHAFRH Koncranta K61 anmapaTsiHAa aHEIKTaIBIHAB. AHAFYPIIBIM KaJlbIH KaITaMa
KBUIAAMAATKBIIT KOChUIMaFaH ITMHKAph eplTlHZ[lClHZ[e (5 MxM) xoHE M-M-HI/ITpo6eH300ynb(’p0HaTLIH KOCKaHJa 5,2 MKM-7ie
Gaiikamaasl. HuTpodeHon KaTHICHHA TY3LUITCH KaIITaMasIap/TblH KaTblHbIFbI 2,5 TeH 2 MKM-Ti Kypaligpl. CoHBIMEH,
KBUIAAMAATKBIM HATPO(EeHoN 5 T/ KaThICHHAAFE dochoMeT epiTiHIiciHeH docdaTTH KalTaMalap aly TeMip YATICIHIH
OeTiMeH Oepik Oaitmanpicathit (6 MIla), KATBIHABIFH 2 MKM, Keaip - Oyapipiasirsl (Ra-1,731 u Rz — 11,612) GonaThIH sxoHe
KOPPO3MSUIBIK, TYPAKTHUILIFEL 330 ¢ - THI KYpalThIH KanTaMaap IblH TY3UTy1He 9KeIeTIHITT KOPCeTUI L.
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YCKOPEHHOE HU3KOTEMIIEPATYPHOE ®OCPATUPOBAHUE
W3 PACTBOPOB ITPEOGPA3OBATEJIEIT PJKABUMHBI

Annorammst. Hapsany ¢ docdarupyronmmvu pactBopamMu OP, 118 MONydIeHHS aHTHKOPPOSHOHHBIX IMOKPHITHH
MUpOKOe  paclpocTpaHeHWe IMONYYWIM MpeoOpa3oBaTelM pPXaBUMHBI, WCIONB30BaHWE KOTOPHIX He Tpebyer
IpeBapUTeIbHON 00paboTKM MOBEpXHOCTH MeTallla, KaK 5TO HMeeT MeCTO IPH HCIONB30BAHUM TpaUITHOHHEIX
pacTBopoB. OfHAKO, cHOCOOH yckopeHHS (ocdaTHpoBaHHS B pacTBopax IpeoOpasoBaTelell pikaBUMHBI He HAILTH
JOIDKHOTO IIPHMEHEHMS W OCTAloTCS MAJOWCCIIefOBaHHBIMH. llenbio HacTosme¥ paGoTH SBIAIOCH HCIONB30BaHUE
OpTaHIYECKUX HUTPOCOESIMHCHMIT B KauecTBe YCKOpHTeNlel B pacTBopax IpeoOpasoBaTeseil pkaBIHHBI I YCKOPEHHOTO
HI3KOTEMIIepaTypHOTO  (ocdaTupoBaHMSI Ha IOBEpXHOCTH SKelle3HBIX oOpasnoB. B kadecTBe mpeoOpasomaTereit
pKaBUMHBI OBUTM HPHMEHEHEl BHIIyCKaeMble B IPOMBINUIEHHOCTH pacTBopel Docdomer m IlmHKaph, a B KadecTBe
yekoputenell — HuTpodeHoN u M-HUTpoGeH3ocyIbdonar Hatpust (M-HBC). KopposmoHHas cTOWKOCTH (GOPMUPYEMBIX
nokperruit (3CA), olpesieleHHas KaIleIbHEIM MeTO0M AKHMMOBA, COIIOCTaBICHa ¢ KOPPO3HOHHON CTOMKOCTBIO IOKPHITHIA,
OCa’kICHHBIX W3 TPaJuIHOHHBIX (ocdaTupyromux pacTBopoB OP. Ocaxjernue (ocdaTHEIX MOKPHITHH IPOBOIWTH IIPH
Temrepatype 40°C, Bpemenn ocaxkaeHust 10 MuH., ckopocTd HepeMenuBaHms pacTBopa 500 o6/Mun. Ilokazano, uro
KOppO3HOHHAsL CTOHKOCTE ocdaTHOTO MOKPHITHI B OTCYTCTBHH HHUTpodeHola cocTaBisgeT 42 c. C yBelndeHHEM
KOHIIGHTpalliy HATPo(eHoTa B pacTBOpe 3allfUTHas CIIOCOOHOCTE (opMupyeMoro (ocdaTHOTO MOKPHITHS 3HAUUTEILHO
Bo3pacTaeT, gocTuras 330 ¢. mpu KOHIeHTparmu HuTpodeHomda 5 /1. B pactBope [{uHKaph ¢ pocTOM KOHIICHTPAIIMH

— 84 ——
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aurpodenona ot 0,1 g0 2,5 M HaOmoAaeTesl yBeIIeHne KOppo3HoHHON cTolikocTr docdaTHOro MOKpHITH OT 78 10 110
c. [Ipn nampHelimeM yBeIMHUeHNH KOHIGHTPAIN HATPOQEHOIa KOPPO3HOHHAS CTOMKOCTD MOKPHITHS YMEHBIIaeTes 10 43
c. Biminme HuTpodeHola Ha KOPpPO3HOHHYIO CToiKOCTh (OC(aTHBIX MOKPHITHH, (QOPMHpPYEeMEIX H3 pacTBOPOB
docdarupopanus OP-1(4) mpospiseTcs B 3HAYUTENLHO MeHbINeH cremenn. Takmm oOpaszoM, Hambolblliee BIWSHUE Ha
KOPPO3HOHHYIO CTOMKOCTH (POPMHPYEMBIX (ochaTHEIX HOKPHITHIT HHTpodeHOoNI okaseiBaeT B pacTBope Docdomer.
HecenenoBarne BmusHus nobapox (M-HBC) mokasano, 9To HamboIbimas KOPPOSHOHHAS CTOMKOCTE (ochaTHEIX TOKPHITHH
HaOmoaeTcss B pacTBope Qocdaruposanus [luakaps — 180 ¢. B pacrBope docharupoBanms Pochomer ¢ pocToM
xoHreHTparmu(M-HBC) yBemuueHne koppo3noHHON cTOMKOCTH (GOPMHPYEMEIX HOKPHTHM NPOWCXOANT B MEHBINeH
CTEIIeHHU IO cpaBHEHMIO ¢ pacTBopoM [ [uHKaps. [Ipn xoumenTparmm (M-HBC) 50 1/71 kopposnoHHast cTOMKOCTDH TOKPHITHS
B pactBope (Docomer) coctapnseT 104 ¢. B pactBopax docdarupopanmst ©P-1(1,2,3,4) pmusane (M-HEC) Habmonaercs
B 3HAUMTeNTBPHO MeHBINeH cremenn. llpoBejgeHo meciefioBaHWe BosjeifcTBmst yekopureneit dochartuporanms M-HEC n
HUTpo(eHONIA Ha W3MEHEHWe CTPYKTYPH OCaKJCHHBIX IOKPHITHM ¢ WCIONB30BaHHEM 53IEKTPOHHOH MHKPOCKOINH.
MukpodoTtorpadun OBTH MONYYIEeHH HPH ONTHMANBHBIX KOHIGHTPAISIX yCKOpHTelel, IpH KOTOPEIX HaOMIOJanach
MaKCHMaJIbHas KOPPO3HOHHAS CTOMKOCT 00pasyIomuxes HoKprThi. [lokaszaHo, 9To Ha MOBEPXHOCTH eJle3HOTo obpasa
¢ docaTHBHIM TOKPHITHEM, OTYyUIeHHBIM 13 pacTBopa Pocdomer B mpucyteTBrr M-HBC (50) /1 popMupyercs: HoKphITHE
¢ mroipuaroit crpykrypoit. IllepoxoBarocts Takoro moxpsitust coctaBisieT: R. = 1,597 u R, = 8,731 ¢ kxopposunonHOU
crotikoctrio 104 ¢. Ilpm menonp3oBaHMM B KadecTBe yckopures HuTpodeHomda (5 1/1) bopMupyercs paBHOMEPHBIH
KPYITHOKpHUCTAIUTMUECKUH ocaJok ¢ Oollee BHICOKOM mepoxoroBaTocThio R, = 5,731, R, = 11,62 u xopposuoHHOH
crofixoctrio 330 ¢. C moGapmenmem k pactBopy [lumkaper M-HBEC (50 1) moBepXHOCTH (HOPMHPYEMOTO HOKPHITHS
craHoBUTCs Goliee paBHOMepHOH. [Ipodmmm mepoxoToBaTocTH cocTaBIIoOT R, = 1,795 u R, = 10,527. B mpucyTcTBun
yekopurens ¢ocdarupoBanus HuTpodeHona (2,5 I/1) B pacTBope IpeobpasoBaTens pxaBunHb [ [nHKaps Habmmomaercs
(dopMHEpOBaHHE MENKO3CPHHUCTOTO IIOKPHITHSI, XapaKTepH3yIOIMeTocss OJMHAKOBBIM pasMepoM 3epeH. lIpodmmn
mepoxoBaTocTh cocTapisieT: R, = 1,026 m R, = 7,691. Ilposeneno uccienoBanue GopMUPYEMBIX aHTHUKOPPO3HOHHBIX
HOKPHITHI ¢ HUCIONB30BaHIEM (OH3MUECKUX METOJOB: OIpejelieHHe ajIe3dd W TOJNIWHEI MOJNYYeHHBIX HOKPHITHI ¢
MOBEPXHOCTBIO CTalbHEIX 00pasnoB. OlmpejeleHne MPOTHOCTH cIeIDleHus (ochaTHRIX IOKPHTHA ¢ MOBEPXHOCTEHIO
KEJIe3HEIX 00pasIoB, HMONYUeHHBIX H3 pacTBopa Qocdomer m m3 pacTBopa [[WHKape B IPHCYTCTBHH OJMHAKOBOI
KOHIIGHTpanuy ycxopurest docdaTupopanns HATpodeHoNa (2,5 1/1) mokasano, 9To MPOYHOCTH cleIleHns (ochaTHOTO
HMOKPHITHS ¢ IOBEPXHOCTRIO KeJle3sHoro o0pasia, MolydeHHoro u3 pacTBopa Qocdomer + 2.5 1/1 HuTpodeHOTA
cocraBmsteT 4 Mlla/c, Torfa kak IPOYHOCTS CIEINIeHUs (GocaTHOTO MOKPHITHS, oOpasyiommerocs U3 pacTBopa [{mHKaps +
2,5 /1 murpodenona coctarmsierT Toabko 3,5 Mlla/c. B pactBopax docdarupopanmst OP menonp3oBaHue yCKOpHUTeNe
Docomera u M-HEUTpoOeH30CyOHATA HATpHS He NPHBOAUT K 3aMETHOMY YBEIMUECHWIO IPOYHOCTH CICIUICHHS C
HMOBEPXHOCTBIO SKETe3HBIX 00pasloB. YCTaHOBJIEHO, UTO HAMMEHBINeil MIepOoXoBAaTOCTBIO M HamOOJIbIIeH ajresmeit c
MOBEPXHOCTBIO IOIOKKH 0ONafaloT MOKPHITHS, MOJNYYeHHBIE W3 pacTBopa IpeoOpasoBarens pxaBamHEl DocdomeT ¢
yekopureneM docharupopanns HuTpodenozoM. IIpoBeseHo mcclefoBaHMe BIMSHHS 00aBOK yckopHTeleil mporecca
docharnpoBaHsI Ha TOMMUHY GOPMUPYEMEIX MOKPHITHI. TONIMUHY HOKPHITHH ollpefe/sUIn B TolmuHOMeTpe KoHcTaHTa
Kol Tloxazano, uTo HanGOJbITIAs TOMIUHA TOKPHITH HabIoMaeTcs B pacTBope 1{mHKkaps Oe3 mobaBok yekopurens (5
MKM), a TakKe HOKPHITHS, ocaxjeHHoro B mpucyrteTBum M-HBC — 5,2 mxm. lloxpeiTus, ocaxieHHbIE B IPUCYTCTBHU
HUTpo(eHOIa, IMEIOT TONMUHY 2,5 10 2 MKM. Taxmm o6pasoM, IOka3aHO, 9TO ocaxeHHe (GochaTHEIX MOKPHTHH U3
pacTBopa @ocdomMeT B IPUCYTCTBHHN YCKOpHUTeIs 5 T/1 HApodeHoa, IPHBOAUT K (GOPMUPOBAHIIO PABHOMEPHOTO, MIPOTHO
CBSI3aHHOTO ¢ TTOBEPXHOCTBIO Xele3Horo obpasna (6 mlla) MOKPHITHSI, TONMIMUHOM 2 MKM CO CTeIIeHBIO IIepoXOBaTOCTH
(Ra-1,731 u Rz - 11,612) u xopposuorHoi#i cro¥tkocTsio 330 c.

KaroueBnie cnoBa: QocaTHEIe TOKPHITHS, MpeoOpa3oBaTel PKaBUMHBI, HUTPO(PEHOI, KOPPOSHOHHAS CTOHKOCTS,
ajresus.
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