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EFFECT OF HYDROXYLAMINE ON PHOSPHATING IRON
IN SULPHATE SOLUTION

Abstract. We have researched on hydroxylamine influence on corrosion characteristics of phosphate coatings
obtained on iron samples in sulfate solutions containing Mazhef salt. It was found that in the presence of
hydroxylamine protective anticorrosive propertics of phosphate coatings on iron samples are sharply amplified. The
optimum parameters of the phosphating process: concentration of hydroxylamine, temperature, exposing time of
sample solution used for phosphating. It is found that when the Mazhef salt concentration - 70 g/1, temperature of 50-
550C, phosphatizing time 50-55 minutes and hydroxylamine concentration of 0.05 - 0.06 g/l, the phosphate coatings
with high corrosion resistance are formed. Electron microscopy method determined the elemental composition of the
phosphate coatings on metal surfaces of the samples. It has been shown that increasing the concentration of
hydroxylamine in the phosphate solution leads to an increase in the percentage of phosphorus, oxygen and a
manganese in phosphate coating. It is concluded that in contrast to the heterogeneous processes of formation of
phosphate compounds of iron, manganese phosphate is formed as a result of supply of the solution volume. The
source of manganese ions may be Mazhef salt. This process is enhanced with increasing concentration of
hydroxylamine. The presence of phosphate compounds of iron and manganese on the surface of the investigated iron
samples provides amplification of anticorrosion properties of phosphate coatings.
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The formation of phosphate coatings should be considered as a result of the simultaneous occurrence
of electrochemical, chemical, crystal-chemical and physical processes in heterogeneous environment [1-
7]. The most informative and comprehensive understanding of the mechanism of formation of the
phosphate layer is described in the works of Ya.M. Kolotyrkin [8-16], which presents theoretical views on
the course of the two electrochemical reactions - metal oxidation and reduction of oxidized component by
aggressive environment. It is a reasonable conclusion that the metal surface is equipotentia, and places of
localization of paired cathode and anode processes flow are continuously changing in time according to
the laws of statistical distribution.

Based on the fact that the phosphating process usually begins with a rapid electrochemical
dissolution of metal, which is accompanied by evolution of hydrogen and the following deceleration of
reaction due to blockage of the treated surface by the evolved hydrogen gas, there is need for a method of
accelerating the formation of a phosphate film. The most effective in this regard were the intensification
methods using accelerators [17-19]. Introduction of accelerators to the phosphating solution leads to the
depolarization of the cathodic process. In this regard, of particular interest are compounds which are able
to recover in the potential - 0,2 + -0,4V realized in the process of phosphating. The presence of such
substances capable of cathodically recover, besides the restoration of hydrogen ions and molecular
oxygen, leads to increase the rate of anodic conjugation process and thus to accelerate the phosphating
process itself. It should be noted that the presence of accelerators promotes the crystal-chemical reactions
with formation on the treated metal surface of denser phosphate layer having a smaller crystal size and
higher corrosion characteristics.

For obtaining phosphate coatings most widely usage in practice were received phosphating solutions
based on the Mazhef salt. However, these solutions do not currently meet the highest modem standards
that apply to the phosphating coatings. To enhance the protective properties of the phosphate coating to
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the phosphating solution there are introduced salts of several metals (Ni, Zn, Cr, Co, Ti, etc.), the use of
which is not always economically justified and impractical.

In connection with the above mentioned it is interesting to use hydroxylamine as the accelerator of
the phosphatizing process, which affects the process of iron phosphating from solutions containing
Mazhef salt.

Experimental procedure

Phosphating was carried out on iron samples from solutions containing 70 g/l Mazhef salt with
addition of NH,OH hydroxylamine, the concentration of which was varied from 0.001 to 0.1 g/l. The
protective properties of formed phosphate coatings were evaluated by the G.V. Akimov method [20] by
measuring the time from the moment of application of the control solution drop until changing its color
from blue to yellow. Electronic images of phosphated coatings on iron samples and elemental
composition in % were determined using the instrument LaB6 JSM-6610LV of "JOEL" company (Japan).

There was conducted a study of the concentration of hydroxylamine to modify the protective ability
of obtained phosphate coating. Hydroxylamine concentration was varied from 0.01 to 0.1 g/1.

Figure 1 shows dependence of the change of color drops from blue to yellow after application of a
phosphate coating from NH,OH concentration.
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Phosphating solution: Mazhef salt - 70 g/1 + 0.1 g/l NH,OH; temperature - 300C; phosphating time - 60 minutes.
Figure 1 - Time changing of color of the dropping sample from the concentration of hydroxylamine
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Phosphating solution: Mazhef salt - 70 g/l + 0.1 g/l NH,OH; phosphating time - 60 minutes.
Figure 1 - Time changing of color of the dropping sample from temperature of phosphating solution
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From Figure 1, it follows that with increasing concentration of NH,OH time change of color drops (t.
s) 1s from 7 to 315 s. In other words, with the increase in concentration of NH,OH in Mazhef solution (70
g/l) protection properties of phosphate coatings are enhanced at the condition of constant solution
temperature of 30C and duration of incubation of the iron sample in the studied solutions - 60 s.

Figure 2 shows the dependence of color change of the dropping sample by the temperature of the
solution in which the iron sample phosphate was conducted.

According to Figure 2 with temperature increasing from 30 to 60°C of proposed solution for
phosphating time of color change of the dropping sample was increased from 315 to 450 s. However, with
further increase of phosphating solution temperature, time of color change of the dropping sample is
appreciably reduced, at 80°C this value becomes even less than at 30C.

An important characteristics of the phosphating process is the exposure (incubation) time of the test
iron sample in used phosphating solution (70 g/l Mazhef + 0.1 g/l NH20OH) at a constant temperature of
30C. Figure 3 shows the dependence of color change of the dropping sample from time, during which the
iron sample was heated in the test solution.
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Phosphating solution: Mazhef salt - 70 g/1 + 0.1 g/l NH,OH; temperature — 30°C;
Figure 3 - Time change of the color of the dropping samples on the time-keeping of the iron sample in phosphating solution

According to Figure 3 with increasing duration of phosphatizing from 20 to 60 minutes at constant
temperature of 30C time changing of drop color increases from 40 up to 315 s. However, further
increasing incubation duration of iron sample in the test solution for phosphatizing reduces time change of
drop color (ts) from 315 to 133 s. Based on the data it follows that NH20H availability in solution for
phosphatizing results in enhancing protective properties of phosphate coatings. The optimal conditions of
phosphating of iron samples in solutions for phosphating containing NH20OH phosphating accelerator
were determined. It was found that the greatest protective ability is for phosphate coatings obtained by
Mazhef salt concentration - 70 g/l, temperature - 50-550C, phosphatizing time - 50-55 minutes,
hydroxylamine concentration of 0.05 - 0.06 g/l.

With the hepl of electron microscopy it was evaluated the content of iron, phosphorus, oxygen, and
manganese on iron sample coated with phosphate film from solution 70 g/l Mazhef with varying
concentrations of NH2OH at constant temperature of 30C and incubation time of 60 min. Figure 4 (a, b, ¢,
d) shows changes depending of % content of iron, phosphorus, oxygen, and manganese on the iron sample
after applying a phosphate coating from the test solution at different NH2OH concentration.
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Figure 4 - Change in percentage of iron (a), phosphorus (b), oxygen (c¢), manganese (g) from
the concentration of hydroxylamine in the test solution on the iron sample

According to Figure 4a it is shown that with an increase of NH2OH in the used solution percentage
content of iron decreases, while under similar conditions the phosphorus content (Figure 4b), oxygen
(Figure 4¢) and manganese (Figure 4d) increases.

The obtained dependences allow us to conclude that with increasing NH2OH concentration in the
test solution on the iron sample surface it is amplified formation of the phosphate film. Oxygen to
phosphorus ratio is closed to 4:1, which can be connected to formation of phosphates, which may be
associated with ions of iron and manganese. The fact that the percentage of manganese increases in the
phosphate film, indicates that the presence of hydroxylamine in the test solution promotes formation on
the sample surface of manganese phosphate, which enhances the protective properties of the obtained
phosphate coating. Obviously, the presence of fine-grained dense coating of obtained phosphate film leads
to blocking of the iron sample surface and reducing the percentage of iron content.

Thus, on the basis of the experimental data it was determined that

- at Mazhef salt concentration - 70 g/l, temperature - 50-550C, phosphatizing time - 50-55 minutes,
hydroxylamine concentration of 0.05 - 0.06 g/ there are formed phosphate coatings with high corrosion
resistance;

- the presence of phosphate compounds of iron and manganese in the iron sample surface provides
amplification of anticorrosive properties of phosphate coatings;

- It 1s concluded, that, in contrast to the heterogeneous processes of formation of iron phosphate
compounds, manganese phosphate on the surface of the iron sample are formed by feeding them from the
solution volume. The source of manganese ions may be Mazhef salt. This process is enhanced with
increasing concentration of hydroxylamine.
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B.H. Cramiok, Y. Cyarantek, JLA, ®oresn
«J1.B. COKOIBCKHH ATBIHAAFHI KATAJIH3 KOHE ANICKTPOXHMISA HHCTHTYTED AK Ammarsl, Kasakcran

CYJb®AT EPITIHAUIEPIHAEI'T ®OCPATTAJIFAH TEMIPTE
IT'NAPOKCHJIAMHUHHIH 9CEPI

Annotamust. Kypameraaa Maked Ty3sl 6ap cynsdar epiTiHgicinaeri Temip yariiepiseH ansHrad GocdaTTeik
JKAOBIHBIIAPABIH AHTHKOPPO3MIBIK KACHETTCPIHE THAPOKCHIAMHHHIH ocepl 3eprrenmi. | mApOKCHIAMHHBIH
KaTBICYBIMCH TeMip yarirepiane (ocharTsl KaOBHIBIIAPIBIH KOPPO3MAFa KAapchl KOPFAY KACHETTEPIHIH KYPT
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Kymerl aHpkTamasl.  Docdarray mpoOUECIHIH OHTAHIBI MapaMeTpiiepl AHBIKTANABL THAPOKCHIAMUHBIH
KOHIICHTPALWACHL, TEMICPATypa, MAHAATAHBUFAH YATUICpAiH (ocaTTay epiTiHAC SKCMOHATTAY YaKBITEL Maked
TY3BIHBIH KOHIEHTpamuwsackl 70 r/m, Ttemmeparypackl 50-55 °C, (ocdarray yakerrtsl 50-55 MHHYT sKoHE
THAPOKCHIAMHHHIH KOHIEHTpaumsicel 0,05-0,06 1/1 ke3iHae aHTUKOPPO3HSUIBIK TO3IMILTITI KoFapsl (hocaTThIK
JKaOBIHABLIAD TY3UICAl. JJICKTPOHABIK MHKPOCKOMHSA OAICIMCH Temip yrriiepinae (Gocdartsl xKaOBHIBLIAPIBIH
3MEMEHTTIK KypaMbl aHbIKTamIbl. DocaTray epiTiHAICIHAE THAPOKCHUIAMHHBIH KOHIICHTPAIMSICHIHBIH JKOFAPJIAy MCH
(docharTk KaOBHIBI KypaMbiHAA (Poc(apabH, OTTCTIHIH >KOHC MAPraHCUTIH MAWBI3ABIK KATBIHACHI APTAIBL
Maprasen; HOHBIHBIH KOpBI peTinae Maxe( Ty3bH anyra O0omaasl. [ MAPOKCHIAMHHHIH KOHICHTPALIMSCHIH KOTEPY
apKbLIBI MPOILECTI KymelTyre Oomanpl. TeMip >koHEe MapraHenuTiH (poc(arThIK KOCBUIBICTAPIBIH TEMIP YIATLICPAiH
6eri Hae 60ybl pocaTThIK KAOBHIBLIAPIBIH AHTHKOPPO3HUSIIBIK KACHETTCPIHIH KYIICIOIH KAMTAMAChI3 €TE.

Kiar ce3nep: temip, ocdarTsl ;xadbIHABLIAP, THAPOKCHIAMEH, KOPFAay KaCHETTEP1, ONTHMAIIBIK YKaF1akmap.
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BJIMAHUE THAPOKCUJAMHUHA HA ®OCOPATUPOBAHME KEJE3A
B CYJIb®ATHBIX PACTBOPAX

Annotamusi. Mccrenopanue BIUSHUS THAPOKCHIAMAHA HA AHTHKOPPO3HOHHBIC XaPAKTEPUCTHKU (pocdaTHbIX
MOKPBITHH MOJYYCHHBIX HA JKCIC3HBIX 00pasmax B CYAb(AaTHBIX PacTBOpax coaepkammx coub Maked.
YCTaHOBICHO, YTO B NPHUCYTCTBHH THAPOKCHJIAMHHA 3aIUTHBIC AHTHKOPPO3HOHHBIC CBOHCTBA (hoC(aTHBIX
TNOKPBITHH HA JKETC3HBIX 00pas’uax pe3ko ycwimBawTcd. ONpencicHbl ONTHMAIBHBIC MapaMeTphl Mpolecca
(docharnpoBaHus: KOHICHTPALMS THAPOKCHIAMHHA, TEMICPAaTypa, BpeMsl SKIOHHPOBAHMS HCIOJIB3YEMOTO
oOpasmas pactBope a1 (ocharupoBaHHSA. YCTAHOBJACHO, YTO MPH KOHICHTpamWH comu Maxked 70 1/m,
temmeparype 50-55°C, Bpemenn (ocdaruposannsa 50-55 MHHYT H KOHIEHTpAIHH ruapokcumamuHa 0,05 — 0,06 /1
oOpasyrorcss  (oc(aTHBIC TOKPHITHA C BBICOKOH AHTHKOPPOSHOHHOW CTOWKOCTBEO. METOIOM 3ICKTPOHHOH
MHKPOCKOIIHH OTIPEICICH 3JIEMEHTHBIH COCTaB (POC(ATHBIX MOKPBHITHH HAa MOBEPXHOCTH >KCIC3HBIX OOPA3LOB.
IMokazaHo, YTO YBETHUCHHCM KOHICHTPALMH THIPOKCHIAMHHA B (DoC(haTHOM pacTBOPE MPHBOAWNT K YVBCIIMHUCHHIO
MPOLCHTHOTO coacpkaHuA (ocdopa, xucaopoda u Mapranma B (ochatHom mokpeiTnu. COCIAH BBIBOI, YTO B
OTIMYME OT TETEPOTCHHBIX IPOLEecCOB (opmuposaHua (GocdaTHBIX coeaWHCHHH >kenesa, (ocdarsl MapraHia
00pa3yroTCs B pe3ybTaTte HX MOABOAA M3 oObeMa pacTBOpa. MCTOYHHKOM HOHOB MApraHLIA MOKST OBITH COJb
Maxe(. ITOT TIPOLECC YCHIHBACTCA ¢ POCTOM KOHICHTPALMH THAPOKCHIAMIHA. Hammume (oc(aTHBIX COCAMHCHIH
’KelIe’a W MApraHia Ha TMOBEPXHOCTH HCCICAYEMBIX JKEIC3HBIX 00pasmoB  0OCCHCUHMBACT — YCHIICHHE
AHTHKOPPO3MOHHBIX CBOHCTB (DOC(aTHBIX MOKPHITHH.

KmoueBnie ¢10B: xene30, (ocaTHbC MOKPHITHA, THAPOKCHIAMHEH, 3AIMUTHBIC CBOWMCTBA, ONTHMAJHHBIC
YCIIOBHS
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