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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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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 rpm.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.

Keywords: phosphate coatings, rust converters, nitrophenol, corrosion resistance, adhesion.

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/n; MnSO4H,0 — 0,061r/m; HNO3 — 0,083 mut; H3PO4 — 0,184 mur; NaOH — 0,0315 /0

FR-1(2): ZnO - 0,58 r/i; NiNO36H,0 — 0,26r/1; HNO3 — 0,332 mu1; H3PO4 — 0,73 mut; NaOH — 0,126 /0

FR-1(3). ZnO - 0,725 r/1; NiNO36H,0 — 0,331/1; HNO; — 0,415 mut; H3PO4 — 0,92 mur; NaOH — 0,1575 /0

FR-1(4). ZnO — 1,16 r/m; NiNO36H,0 — 0, 5208r/11; HNO;3 — 0,614 mi; H3PO4 — 1,472 mi; NaOH — 0,252 r/n

FR-2 — ZnO - 0,0263r/1, Ni(NO3), 6H,0-0,062r/1 Mn(NO3),6H,0 - 0,025r, HNO3-0,083mi, H3PO4 - 0,23mu1,
NaOH-0,0604 r/n

FR-3 - ZnO - 0,0677 1/1, Ni(NO3)2+6H>0 - 0,0408 /i1, Mn(NO3)2+6H,0 — 0,127r/1, H3PO4 - 0,226 M1, NaOH -
0,0376 r/n

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.9" and "oc.4" 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.

Phosphomet
350

= = N N W
o O O o O
o O O O o

Corrosion resistance (s)

(4]
o

o

Chnitrophenol, g/l

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
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coating is observed, however, at higher nitrophenol concentrations, a decrease in the corrosion resistance
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.

200

Tsinkar
E 180
3 160
&
140
E Phosphomet
8 120
1™
S 100
5
= 80
o]
O e
) FR-1-4
40 FR-1-3
/ FR-1-2
20 / /R
0 -
0 10 20 30 40 50 60

C nitrobenzosuttanate m-nes), gfl

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/, the coating thickness is 2 pm.
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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/): a—0,5;b- 2,5;¢c- 5

2,5

d,mkm

g

1,0 2 3,0 4 3,0 6,0

0,5

Chnitrophenol, g/l

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/I.

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.

B.H. Cramiok!, JI.A. ®oreasn!, M. Kypoinos!, A. Boaa'*, ¥.Cyaranéex’,
K. Tinenéepren', C.Aiit!, JI.P. CacbikoBa?, T.A. Barpamsan®, A.A. A6pamos?

!J1.B. COKOIIbCKUIA aThIHIAFbI XKAHAPMA, KATAIIN3 JKIHE dIEKTPOXUMUs UHCTUTYThl AK, Anmarsl K., Kazakcran;
2 on-Dapabu arbingarsl Kazak YITTBIK yHUBEPCUTETI, AMaThl K., KazakcTaH;
3I1.11 MenjieneeB aTbiHarbl Peceil XMMUA-TEXHOJIOTHAIBIK yHUBEPCUTETI Mackey K., Peceit

TOTTAPAbI TYPJEHIPI'II EPITIHAIJIEPAEIL'T ZKBIJIJAMIATBIJIFAH
TOMEH TEMIIEPATYPAJIBI ®OCPATTAY

AnHorauus. ®ocdarraynibl epiTiHAIEpMEH KaTap Kas3ipri Ke3ze KOppo3usFa Kapchl KanTama ajiy YIIiH I9CTypIi
(dhocdarrayuisl epiTiHaiIepaeriaeld MeTan OETiH ajJIbIH aja eHACY i KaKeT eTHeHTIH TOTTapAbl TYPJACHIIPrill epiTiHinep
KeH KOJIIaHBIC TanThl. Anaiina TOTTapibl TypleHIipriml epiTinainepae ¢ocdaTray HpoLeciH KbULAaMAATy >KONbI a3
3epTTEIHIN KAKETTI KOJJAHBIC Tammajibl. byJl KYMBICTBIH MakcaThl TeMip YITUIEpiHiH OETiH TeMeH TeMmIeparypajaa
KbuLgaM  ¢ocdarray yIIiH TOTTapAbl TYPJIEHIIPrill epiTiHAIepAe OpraHUKAaNblK HUTPOKOCBHUIBICTAPAbI SKbLIIAM-
JATKBIIITAp PETiHAC Maiinanany 0oibin Tadbuiaabl. TOTTap bl TYPIACHIIPrill peTinae eHaipicTe mbrapbeuiaThin ®ocdomer
skoHe LIMHKaph KONJaHbUICA ajl )KbUIIAMAATKBIITAP PETiHAe HUTPO(EHOI MEH HATPHUIAAIH M- HUTPOOSH30CyIb(POHATHI (M-
HBC) xonmansuiasl. Ty3ineTiH KanTaMaHbIH AKAMOBTBIH TaMIIBUIEI SAICIMEH aHBIKTAIBIHFAH KOPPO3HSIIBIK TYPAKTHUIBIFBI
JIocTYpii QocdaTraynibl epiTiHALIepJCH aNbIHFAH KanTaMallapAblH KOPPO3HSUIBIK TYPAKTBUIBIFBIMEH CAJIBICTBIPBUIIBL.
®docdartel Kantamanapasl KoHuelpy 40°C Temmepatypana, 10 MHH KOHABIPY YakbIThIHAA >koHe 500 aitHambiM/MHUH
epITIHJIHI apaacThIpy >KbUIIAMIBIFbIHA XKYPrizingi. KypaMmelnaa Hurpodenon 6onmaran ¢pocharTsl KanTaMaHbIH KOPPO-
3USIIBIK TYPaKThUIBIFBI 42 ¢ OONATBIHIBIFBI KopceTuiai. EpitiHaine HUTPOGEHONIbIH KOHIICHTPAIMSCHIHBIH apTybIMEH,
KOHIIEHTpAMAChl 5 /11 GonraHna Ty3UieTiH QocdarThl KanTamaHblH KOPFarblITHIK KaOineri 330 c-ka jaeiiH apTansl
unkaps epitingicinae HUTpodeHONAbIH KoHIeHTpanusichl 0,1 neH 2,5 mu re geiin aptkanaa ¢ochaTThl KanTaMaHbIH
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KOppO3usiFa TYpakThulblFbl 78c-TaH 110c-ka nmeiiin apransl. HUTpodeHONIbIH KOHIIEHTPAIMSACHIHBIH KaJIFaCThl apTKaH/a
KOPpO3UsIFa TYPaKThIIbIFE! 43¢ - Ka aeilin Temenneiini. Hutpodenonnpiy ®P-1(4) docarrayisl epiTiHaigeH anbHATHIH
(docdarTel KanTamanapAblH KOPPO3HMSUIBIK TYPAKTBUIBIFBIHA dcepi aHarypibiM a3. CoHpabplKTalH, HUTpodeHon dochomer
epiTingicinae Ty3ineTiH gocdaTThl KanTaMmanapAblH KOPPO3HUIbIK TYPAKTHUIBIFBIHA aHAFYPIbIM dcepiH Turizeni. M-HBC -
TBI KOCKaH Ke3/e LWHKaph epiTiHmiciHxe anbiHFaH (ochaTThl KanTaMaHbIH KOPPO3HSUIBIK TYPaKTHUIBIFEIHA 180 ¢ —TaH
ke0ipek acep eTeTiHniri kepcerinni. [luHKappMeH CaNBICTBIPFAHIA TY3LIETIH KalTaMaHbIH KOPPO3USUIBIK TYPAaKTbLIBIFBI
dochomer epitingicinae (M-HBC)-HbIH KOHIEHTPAIMSACHIHBIH ©CyiHe OaillaHBICTBI apTybl a3 Oonagpl. M -
HuTpoben3ocynbhoHateiHbH (M-HBC) 50 /1 xoHueHTpanusiceinaa Gochomer epiTiHAiCiHae KOPPO3USUIBIK TYPAKTHUIBIK
104 ¢ - to1 Kypaiiasl. ®P—1 (1,2,3,4) epitinainepinne (M-HBC)-HbIH ocepi a3 Gaitkanaabl. DISKTPOHIBIK MUKPOCKOIITIH
keMeriMeH QocdaTray npouecitiy xburnamaaTKkeiuTapsl (M-HBC) MeH HUTPOGhEHOIABIH TY3UITeH KallTaMaHbIH KYpPbLIbI-
ChIHAa ocepi 3epTreniHmi. MukpodoTonap >KbUITAMAATKBILITAPIBIH TY3UIN€H KanTaMaHbIH MaKCHMAIIbl TYPaKTBUIBIK
KOpCETEeTiH OHTaliIbl KOLEHTpauusachiHaa anblHabl. Temipaiy Oerinne ¢docdomer epitinaicinge M-HBC-mbig (50) r/n
KOHIICHTpAIMAChIHAA WHE Topi3mi ¢ocdarTel KanTamanap TY3UICTIHIIN KepceTuii. ATanfaH KanTaMaHbIH Kelip-
Oynppibirl Ra = 1,597 u R, = 8,731, xoppo3usuiblK TYpakThulblFbl 104 c-Thl Kypaiinel. JKeligaMaaTKbI peTiHAe
HUTpodeHonasl (5 T1/) maipananraHna Kemip-OyablpinbeiFel Ra = 5,731, R, = 11,62 GomaTbiH >koHE KOPPO3HUSUIBIK
TYPaKTHUIBIFBI 330 c-Thl KYpaWTBIH Teric ipi KpUCTaNgbl KanTamanap Tysineni. M — HUTpoOeH3ocynbGoHaThHbIH (50 /1)
LMHKapbFa KOCKaHJa TY3LIETiH KanTamaHblH OeTi Tericipek Oomaabl. Kenip - Oyabipinbirbl Ra = 1,795 u R, = 10,527
Kypaiael. ToTTapapl TYpJICHAIPTrill IMHKaph epiTiHgiciHae HutpodeHon (2,5 r/m) OosFaHAa TYHIPIIIKTEPiHIH eJeMi
6ipzeil GonaThH ycak TYHipIIIKTi KanraManap Ty3uleTiHairi Oaiikanmansl. Kenip - Oyasipinbirsl Ra = 1,026 u R, = 7,691
Kypaiapl. OU3UKANBIK OMICTep/Al MaiifianaHblll TY3UICTIH KanTaMmaHbl 3epTTeiiHmi: (¢ochomeT KoHE IUHKAPhH CPITiH-
ninepineH HutpodeHonnslH (2,5 /1) Oipaeil KOHUEHTPALMSCHIHIA AJIbIHFAH KalTaMaHbIH KaJbIHABIFEI MEH TeMip
yIirinepiHig OeTiHe aire3usiChlH 3epTTey, KanTamajap/blH TeMip YJITiIepiHiH OeTiMeH OainaHbiCy OEpIKTIriH 3epTTey
6apbicbiHaa (ocdaTTel KanraMmaHbH TeMip OeTiMeH Oailnanbicy Oepiktiri ¢gocdomerre 4 Mlla/c, an nuHkappia 3,5
MITa/c-Tbl KYpalThIHABIFbI KOPCETLIII.

OP-docdarrayibl epitinainepinae HATPUHIH M-HUTPOOEH30CY POHATHIH KbUIJAMIATKBIII PETiHAC NaianaHy TeMip
yurinepiniyg OeTiMeH OaiiaHbicy OCpIKTITiHIH apTyblHa aiitapibikrait ocep erneiini. Keaip-OyabIpibiFbl aHaFypiibiM a3
JKOHE YIriHIH OCTIMEH JKaKChl aJre3usUIaHaThblH KanTaMa HHUTPO(eHOoN KaTbIChIHAArbl (ochoMeT epiTiHIiciHEH
aJBIHATBIHABIFBl AHBIKTAIBIH/ABL. TY31IETIH KanTaMaHbIH KaJbIHIbIFbIHA (ochaTTay MpOLECiHIH KbULIAMIATKBIIITAPbIHBIH
ocepi 3eprreningi. Kantmansiy KaneiHaeirbiH Koncranra K61 anmapateiHga aHBIKTaIbIHABL. AHaFypJbIM KaJlblH KanTama
KBUITAMIATKBIII KOCBIJIMAaFaH IIMHKAPh epiTiHICiHae (5 MKM) %KoHE M-M-HUTPOOCH30CYIb(DOHATHIH KOCKaHAa 5,2 MKM-/ie
Gaiikanansl. HurpodeHOn KaThIChIHAA TY3UIT€H KalnTaMalapAblH KalbIHABIFBL 2,5 TeH 2 MKM-Ai Kypaiael. COHBIMEH,
JKBUIIAMIATKBINT HUTpodeHon 5 1/ KateickiHAarsl GochomMeT epiTiHaiciHeH GocaTThl KanTamanap aay TeMip YITiCiHiH
OerimeH Oepik OaitnanbicatbiH (6 MIIa), KanbIHIBIFB 2 MKM, Keaip - Oynbipibirs! (Ra-1,731 u Rz — 11,612) GonatbiH xoHe
KOPPO3HUSUIBIK TYPaKThUIBIFBI 330 ¢ - ThI KYpaWThIH KanTaMaiap/blH TY311yiHe OKeIeTIH/IIr KOpCeTii.
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YCKOPEHHOE HU3KOTEMIIEPATYPHOE ®OCPATUPOBAHUE
U3 PACTBOPOB ITPEOBPA3OBATEJIEI PJKABUMHBI

AnHorauus. Hapsany c¢ docdarupyrommmu pactBopamu @DP, ans mnomydeHHs aHTHKOPPO3HMOHHBIX IMOKPBITHE
[IMPOKOE PACIPOCTPaHEHUE TMONYYMIM Mpeo0pa3oBaTeNny p)KaBYMHBL, HCIOJb30BAaHUE KOTOPBIX HE Tpedyer
NPEABAPUTENEHON 00pabOTKM IOBEPXHOCTH METaula, KaKk 3TO HMEET MECTO IPH HCHONB30BAaHHH TPAAUIMOHHBIX
pactBopoB. OaHaKo, cHnocoObl yckopeHus (ochaTupoBaHUs B pacTBopax MpeoOpa3oBaresieil pKaBUMHBI HE HAILIH
JOJDKHOTO TIPUMEHEHHsS M OCTAaloTCSl MajouCCleNoBaHHBIMH. llenbio HacTosmed paboTHl SBIAIOCH HCIIOIB30BAHUE
OpPTraHMYECKUX HUTPOCOCIHHEHUI B KaYeCTBE YCKOPUTENIEH B pacTBOpax mpeodpazoBaTenell pikaBUUHBL I YCKOPEHHOTO
HU3KOoTeMIepatypHoro (ocdaTHpoBaHUs HAa TOBEPXHOCTH IKelie3HbIX 00pas3noB. B kauectBe npeoOpaszoBareneit
PKaBYMHBI OBUTH MPUMEHEHBI BBITYCKAacMble B MPOMBIINUIEHHOCTH pacTBopbl Dochomer m LluHKaph, a B KadecTBe
yckopureneid — HuTpodeHon u M-HuTpoOeH3zocynbdonar Hatpus (M-HBC). Koppo3uonHas cTOWKOCTH (OpMHUPYEMBIX
nokpbiTuit (3CA), onpeneNieHHas KaneIbHbIM METOA0M AKHMMOBA, COIOCTaBIICHA C KOPPO3HOHHON CTOHKOCTBIO OKPBITHH,
OCaXJICHHBIX M3 TPAAUIUOHHBIX (ocdarupyromux pactBopoB ®P. Ocaxzaenue (ochaTHBIX MOKPHITUH MPOBOIMIN MPU
temneparype 40°C, BpemeHu ocaxaenus 10 muH., ckopocTu nepememuBaHus pactBopa 500 o6/muHs. IlokazaHo, 4To
KOPPO3HOHHAsI CTOMKOCTh (DOC(aTHOrO MOKPHITHSA B OTCYTCTBMM HHUTpo(deHona cocraBisieT 42 c. C yBeluueHHEM
KOHIIEHTPAlH HUTPO(EHOTa B PACTBOPE 3al[UTHAS CIIOCOOHOCTH (opmupyemMoro (poc(aTHOro MOKPHITHS 3HAYHTEIEHO
Bo3pactaer, fgocturas 330 c. mpu koHUeHTpauun HuTpodenona 5 r/n. B pactBope LlMHKaph ¢ pOCTOM KOHILIEHTpAIMU
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nutpodenoina ot 0,1 10 2,5 mut HabGrOAaeTCsl yBEIHMUEHHE KOPPO3UOHHOMN CTOMKOCTH (pocdaTtHOro mokpeiTst ot 78 no 110
c. IIpu nanpHelimeM yBeIUMYEHUH KOHLIEHTPALMK HUTPO(QEHOTIa KOPPO3UOHHASI CTOMKOCTb MOKPBITHS YMEHbIIaeTcs 110 43
c. Bmmsame HHTpodeHONa Ha KOPPO3HOHHYIO CTOMKOCTH ()OC(ATHBIX IOKPHITHH, (OPMHUPYEMBIX U3 PacTBOPOB
tdocharupoanuss OP-1(4) nposiBisieTcs B 3HAYUTENBHO MEHbIIEH creneHd. TakuMm oOpa3om, HauOoJblliee BIMSHUE Ha
KOPPO3HOHHYIO CTOHKOCTh (DOpMHpPyeMbIX (ochaTHBIX IOKPHITHH HUTpodeHOn okassiBaeT B pacTBope docdomer.
HccnenoBanue BnusiHus no6aBok (M-HBC) nokaszano, 4yro Haubomblas KOPPO3HOHHAS CTOMKOCTE (pochaTHBIX MOKPBITHIH
HaOmromaercss B pactBope (ocdarupoanus lunkape — 180 c¢. B pactBope ¢ochatupoBanus Pochomer ¢ pocTom
koHueHTpanuu(M-HBC) yBenuuenue KOppO3MOHHOH CTOHKOCTH (OPMHUPYEMBIX MOKPBHITHH NPOMCXOAUT B MEHbIIEH
CTeIeHH 1o cpaBHeHHIO ¢ pacTBopoM L{uakaps. [Ipu kormenTpannu (M-HBC) 50 1/ Koppo3HoHHas CTOMKOCTH TOKPBITUS
B pactBope (DPocdomer) cocrapnsier 104 ¢. B pacrBopax docdaruposanus ®P-1(1,2,3,4) Bausuue (M-HBC) Habnronaercs
B 3HAYMTENbHO MeHbINeH cremeHu. [IpoBemeHo mccnenoBaHWe BosmeiicTBus yckopureneit ¢ocdarupoanus M-HBC n
HUTpPO(EHONa HAa U3MEHEHUE CTPYKTYPhl OCAXIECHHBIX IIOKPBITUH C MCIOJIB30BaHHEM 3JIEKTPOHHOM MHUKPOCKOMUH.
Muxkpodororpadun OBUTH MONYYEHBl MPH ONTUMANBHBIX KOHIEHTPAIMSAX YCKOpPHTENeH, IpH KOTOPBHIX HAOMOmamach
MaKCcHUMaJbHas KOPPO3UOHHAS CTOHKOCTb 00pasyromuxcst HOKphITHi. IToka3zaHo, 4TO Ha MOBEPXHOCTH XKEJIE3HOTo 00pasia
¢ (ocdaTHEIM MOKPBITHEM, TTOTyYeHHBIM 13 pacTBopa Pochomer B mpucyrcTBun M-HBC (50) 1/ popmupyercs mokpeitre
¢ urospyatoi cTpykrypoil. lllepoxoBatocTh Takoro mokpeiTusi cocraBisier: Ra = 1,597 u R, = 8,731 ¢ xoppo3noHHOM
croiikocteio 104 c. IIpu MCHONB30BaHMU B KAadeCTBE YCKOPUTENs HUTpodeHona (5 r/i) GopMuUpyeTcs paBHOMEPHBIH
KPYIMHOKPUCTAILIMYECKHI OCaloK C 0OoJjiee BBICOKOM IepoxoTroBarocThio Ra = 5,731, R, = 11,62 u koppo3noHHOU
croiikocteio 330 c. C nobanenuem k pactBopy Llunkapp M-HBC (50 r) moBepXHOCTb (DOPMUPYEMOIO IOKPBITHS
cTaHOBHTCS Oosiee paBHOMepHOU. [Ipoduim mepoxoroBaTocTH cocTaBissioT Ra = 1,795 u R, = 10,527. B npucyrcrBun
yckopurens Qocdatuposanus HutpodeHona (2,5 r/m) B pacTBope npeoOpazosareins pxauuHbl l{uHkapb HaOmrogaeTcs
(dopMHUpOBaHHE MENKO3EePHHCTOTO TIOKPBITHS, XapaKTepHU3YIOUIErocsi OAMHAKOBBIM pasmepoM 3epeH. IIpodwmm
HIepoXoBaToOCTU cocTaBiieT: Ra = 1,026 u R, = 7,691. IIpoBeneHo uccnenoBanue GOpMUPYEMbBIX aHTHKOPPO3HOHHBIX
HOKPBITHI C WCTIOIB30BaHMEM (H3MYECKUX METOJOB: OINpEAeNCHHE aAre3Wd M TOIIIWHBI MONYYEHHBIX MOKPBITHH C
MOBEPXHOCTBIO CTalbHBIX 00pa3uoB. OnpeneneHue MNPOYHOCTH cUEmIeHHs (PocdaTHBIX MOKPBHITHH € IOBEPXHOCTBHIO
JKEJIe3HBIX 00pa3moB, MONydeHHBIX u3 pactBopa Pocdomer m m3 pactBopa llMHKaps B TPHCYTCTBHH OXWHAKOBOI
KOHIIEHTpaIMK ycKkopuTens ¢gocdarupoBanus HuTpodeHona (2,5 r/im) nokaszajio, 4To MPOYHOCTH cueIuieHus (pocdarHoro
MOKPBITUSL C TOBEPXHOCTBIO KEJIE3HOro o0Opasia, moiydeHHoro u3 pactBopa ®Docdomer + 2,5 r/n HuUTpodeHONA
coctaBiseT 4 Mlla/c, Torna kak Ipo4HOCTb cuerieHus GocdaTHOro NOKphITUs, 0Opasyromierocs U3 pactsopa LluHkaps +
2,5 v/n mutpodeHona cocrapiser Tonbko 3,5 MIla/c. B pactBopax ¢ocdarupoanus OP ncnonb3oBaHHe yCKOpUTEIeH
®ochomera u M-HUTpOOeH30CYydOHATA HATPUS HE NPUBOJUT K 3aMETHOMY YBEIMUYECHUIO MPOYHOCTH CLEIUICHHS C
MOBEPXHOCTBIO JKETE3HBIX 00pa3loB. YCTAaHOBIEHO, YTO HAWMEHBIIEH MIEpPOXOBATOCTHIO M HAMOOIBIIEH anaresmeil c
MOBEPXHOCTBIO MOIJIOXKKK 00Jalal0T MOKPBITUS, MONYyYSHHBIE M3 pacTBopa mpeoOpasoBaTens pxkaBunHbl Dochomer ¢
yckoputeneM (ocdarupoanus HuTpodeHonoM. [IpoBeneHo nccnenoBaHue BIHUSHUS J00aBOK YCKOPHTENeH mporecca
(ocdaTtupoBanys Ha TOMLUHY GOPMHUPYEMBIX MOKPHITHHA. TOMIUHY MOKPHITHI onpeaensiiy B ToamuHomerpe Koncranra
K6ll. IMTokaszaHo, 9T0 HauOONbIIas TOJNIIMHA MOKPHITHA HabmomaeTcst B pactBope LluaKaps 6e3 nodaBox yckopurens (5
MKM), a TaKKe HOKpPBITUs, ocakaeHHoro B npucyrcTBud M-HBC — 5,2 mMxm. ITokpbITus, OCa’kA€HHbBIE B NPUCYTCTBHU
HHUTpO(EeHONa, HMEI0T TOMMHUHY 2,5 10 2 MkM. TakuM 00pa3oM, IMOKa3aHO, YTO OcCaxkIeHHe (ochaTHBIX ITOKPHITHH U3
pactBopa dochomeT B IPUCYTCTBUU YCKOPUTENS 5 I/ HUpodeHoa, IPUBOAUT K (POPMUPOBAHUIO PABHOMEPHOTO, IPOIHO
CBSI3aHHOTO C NTOBEPXHOCTBIO XKEIe3HOoro obpasma (6 mlla) MOKPHITHS, TONIIMHON 2 MKM CO CTETICHBIO IIEPOXOBATOCTH
(Ra-1,731 u Rz - 11,612) u koppo3uoHHo# cToiikocThio 330 c.

KnroueBsie cioBa: (ocdaTHbIE TTOKPHITHS, TPeoOpa30BaTeIn PKABUMHBI, HUTPO(QEHOT, KOPPO3HOHHAS CTOHKOCTS,
azaresus.
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