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Phosphating of ferro-carbon alloys by modifying zinc-phosphate solutions
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The paper presented considers investigation of the effects of three types of phosphates (nickel, calcium and
manganese), added to zinc-phosphate compound for ferro-carbon alloys phosphating, KAF-101ZT. By gravimetric,
chemical, electrochemical and physical methods there are determined the characteristics of preparations (density, pH,
conductivity, total and free acidity) and those of the produced coatings (thickness, phase and chemical compositions,
structure, protection ability).

It is proved that Ni- phosphate presence increases the coating thickness and formation rate for all working solution
concentrations (5-20%) and temperatures (20-80°C). Under the same conditions, Ca-phosphate has a minor effect while
the manganese one decreases the deposition rate and coating thickness.

The phosphate coatings consist mainly of the phases hopeite and phosphophyllite, in the manganese phosphate
containing solutions partial replacement of Fe by Mn being observed in the later. EDX-analyses show Ca and Ni
presence in the coatings when Ca- and Ni-phosphates are added to the solutions. The coatings habitus is retained, the
grain sizes increasing in presence of nickel, not changing in calcium and decreasing when manganese phosphates are
added to the solutions.

The coating corrosion potential in 3.5% NaCl solution shifts in positive direction in the following sequence:

Zn-Mn — Zn-Ca — Zn — Zn-Ni.
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INTRODUCTION

The production of zinc phosphate coatings is the
most wide spread and investigated metal phos-
phating method [1, 2]. Various means - addition of
activators, accelerators, stabilizers, etc., are used to
increase the phosphating process rate and to
improve the coating quality. One of the ways, where
a significant part of the current investigations are
focused, is addition of different metal ions — Ca*",
Ni**, Mn®", etc. to the phosphating solutions [3-5].
After [6, 7] the Ca’"-jons causes considerable
changes of the coating crystal structure, grain size
and corrosion resistance. The process itself is classi-
fied in practice as calcium-modified zinc phos-
phating. The manganese and nickel modified zinc-
phosphate preparations lead to structure refinement
and corrosion resistance improvement of the
phosphate coatings [8].

The paper presented considers investigation of
the effects of three phosphate types (calcium, nickel
and manganese) added to zinc-phosphate prepara-
tion for ferro-carbon alloys phosphating, KAF-
101ZT. There are determined the characteristics of
the phosphating preparations, experimental condi-
tions and the properties of the phosphate coatings.
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EXPERIMENTAL

The studies are performed with low carbon steel
samples (0.17% C). For the gravimetric tests, the
samples have square shape (5x10° m?®) and for
SEM, EDX, Ré and electrochemical examinations
disk shape of area 1x107 m”.

The samples preparation before the tests covers
successively the operations: alkaline degreasing,
washing, pickling, washing, drying.

The phosphating operation environments are
water solutions of zinc preparation KAF-101ZT, as
well as its modified variants KAF-90ZN, KAF-
90ZK and KAF-90ZM in which 10% of the zinc
phosphate are replaced by phosphates of nickel,
calcium and manganese, respectively. For all the
preparations the proportion P,Os/NO; = 1/3 is valid.

The conditions of the experiments carrying out
are as follows:

- concentrations: 5.0, 10.0, 15.0 and 20.0 vol.%

- temperatures: 20.0, 40.0, 60.0 and 80.0 = 1.0°C

- experiment duration: 5.0, 10.0, 15.0 and 20.0
min.

Several methods are employed in performing the
examinations:

- gravimetric method. The essence of the method
is previously described in details [9], and generally
it consists in determination of the sample mass
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variation — before phosphating, after the coating
formation and after its removal.

- SEM. The analyses are performed by means of
microscope JEOL JSM 6390.

- EDX. Apparatus INCA Energy 350-Oxford
Instruments is used.

- Ré-phase analysis. It is made by apparatus
Philips APD 15.

- electrochemical method. By means of PAR-
263A the variation of the potential with time is
measured during the formation of the phosphate
coatings and during their exposition in 3.5% NaClL

RESULTS AND DISCUSSION

Table 1 presents the values of the most important
features which characterize the examined phos-
phating preparations: total, K, and free, K¢ acidity;
pH; density p and conductivity o.

From the data given in the Table 1, it follows
that pH, density and conductivity of the concentrates
of all studied phosphating preparations are close in
value. In the case of calcium phosphate modification
the total, K and free, K acidities decrease compara-
tively slightly and in case of adding nickel and
manganese phosphate they grow considerably com-
pared to the values of these characteristics for the
zinc preparation.

Table 1. Characteristics of the phosphating preparations.

characteristics K; Ky pH P, g,
preparation g/em’ mS/em
KAF-101ZT 292 38 090 1.335 172.8
KAF-90ZK 276 32 098 1.332 166.7
KAF - 90ZN 328 50.0.87 1335 175.0
KAF-90ZM 330.66 091 1.330 173.6

Figurel presents the typical kinetic dependences
“thickness/ phosphate coating mass - time” obtained
for the studied preparations-at concentration 10%
(Fig. 1a) and 20% (Fig. 1b) and operation solution
temperature 80°C. The curves courses show that the
addition of nickel phosphate to the solutions
increases approximately two times the coating mass/
thickness. The calcium phosphate results in insigni-
ficant thickness growth and the manganese one in its
decrease. It follows from Figure 1 that the coating
nucleation and growth is performed at the highest
speed in the Ni-containing solutions, followed by
the Ca-containing ones while in the presence of
manganese phosphate in the solution it is lower than
that of the basic zinc preparation.

Analogical dependences “thickness/mass - time”
are obtained for all other concentrations and tempe-
ratures of the studied phosphating preparations.
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Figure 2 presents the effect of the temperature on
the thickness, M;, of the coatings formed in 15%
solutions of the phosphating preparations. Coatings
of the smallest thickness for all preparations are
formed at 20°C, and of the largest one — at 40°C,
followed by 60°C and 80°C. An exclusion of the
observed dependence are the results obtained for
KAF-90ZN, where coatings of the largest thick-
ness/mass are produced at 60°C and decreasing ones
in the sequence 80, 40 and 20°C. Completely analo-
gical dependences are obtained also for the other
examined concentrations of the phosphating prepa-
rations.

The X-ray phase analysis shows the presence
mainly of hopeit and phosphophyllite phases in the
phosphate coatings. With the exception. of the
coatings formed in solutions of KAF-90ZM, where
partial replacement of the iron by manganese
occurred, in the other modified preparations there
are no differences in the phase composition.

The basic elements contained in the coatings,
determined by means of EDX-analysis, are Zn, Fe,
P, O, Mn and in smaller quantities Ni and Ca in the
corresponding modified zinc phosphate prepara-
tions.

Figure 3 shows micrographs (SEM) of the phos-
phate coatings formed on steel samples in solutions
of the examined preparations of concentration 20%,
temperature 80°C, for time 10 min. It follows from
the figure that the coating habitus in spite of the
addition of nickel, calcium or manganese phosphate
to the basic zinc phosphating preparation is retained.
The grain sizes in the presence of Ni*" ions in the
solution grow (b), almost do not change in presence
of Ca® ions (c) and decrease in presence of Mn**
ions (d) in the phosphating preparations. The elec-
trode potential variation during the phosphate
coatings formation is presented in Figure 4. After
the initial, for a comparatively short time, shift of
the potential in negative direction there follows its
stable movement towards more positive values. The
order of that movement is in the following sequence
KAF-90ZM — KAF-90ZK — KAF-90ZN —
KAF-101ZT.

The phosphate coatings corrosion stability is
determined by measuring their corrosion potential in
a model 3.5% water solution of sodium chloride
(Figure 5). It is seen that after the initial fast shift in
negative direction, after about 15 min the potentials
are steady-state. The corrosion potential of the
studied phosphate coatings becomes more negative
in the following order: KAF-90ZN — KAF-101ZT
— KAF-90ZK — KAF-90ZM.
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Fig. 1. Effect of the phosphating time, t on the formed phosphate coating mass/ thickness, M;:
a—10%, 80°C; b—20%, 80°C.
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Fig. 2. Dependences “coating thickness - time” for different environment temperatures:
a—KAF-101ZT; b—-KAF-90ZK; c—-KAF-90ZN; d-KAF-90ZM; concentration — 15%.
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Fig. 3. Mlcrophotographs of phosphate coatings: a- KAF-101ZT; b- KAF-90ZN; c- KAF-90ZK; d- KAF-90ZM.
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Fig. 4. Dependences ‘‘potential-time” during phosphate
coating formation, concentration —20%,
temperature — 80°C, duration — 20 min.

CONCLUSION

At investigation of zinc phosphating preparation
modified (10%), respectively by nickel, calcium and
manganese phosphate it was established that:

The presence of nickel phosphate leads to
increase of the formed coating mass as well as to
increase of the grain size; the calcium phosphate
increases insignificantly the thickness and slightly
refines the phosphate grains.
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Fig. 5. Dependence “potential-time”, during exposure
of phosphate samples in 3.5% NaCl, 20 £ 2°C.

When manganese phosphate is added, coatings
of smaller mass/ thickness and more refined crystals
are produced, compared to those formed in the zinc-
phosphate preparation.

In 3.5% NaCl the highest stability have the
coatings formed in zinc preparation modified by
nickel phosphate while for the calcium and
manganese phosphates the corrosion resistance of
the phosphate coatings is lower.
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DOOCOATHUPAHE HA KEJIA3OBBIJIEPOAHU CIUIABU
B MOINOUITNPAHU LIMHKOBHU ITPEITAPATU

JI. ®aunkos*, S. Tymbanenra, /1. UBanosa

Xumurxomexnonozuuen u memanypeuuen ynusepcumem, oyi. ,, Kn. Oxpuocku“ Ne 8, 1756 Coghus

Ioctenmna Ha 15 mait 2008 r., Ilpepaborena na 25 maii 2008 .
(Pestome)

B mpencraBenara pabora ¢ M3CICIBAHO BIMSHUETO Ha Tpu Buaa (Gochatu (HUKEIOB, KaIIMEB U MaHTaHOB),
npubaBeHd KbM IHMHKOBOGOChaTeH mpenapaT 3a ¢ochartupaHe Ha xeis30BbriieponHu ciutasu, KAD - 101LT.
[MocpencTBOM rpaBUMETPUYCH, XUMUYHH, SACKTPOXUMHYHHA ¥ (PU3UYHU METOJH Ca ONPEHICICHU XapaKTCPUCTHKHUTE Ha
npenapartute (IWIBTHOCT, pH, MPOBOIUMOCT, 00mA W CBOOOJHA KHCEIWHHOCT) M Ha IONYYaBaHUTE IOKPHUTHUS
(nedenuna, Gpa3oB U XUMHYEH CHCTAB, CTPYKTYpPa, 3allUTHA CIIOCOOHOCT).

VYcraHoBeHO e, ue HamuuneTo Ha Ni-pocdaT yBenmndaBa nedenmnHaTa M CKOPOCTTa HA MOJTyYaBaHE HAa NMOKPUTHATA,
IIPY BCHYKH KoHHeHTpauun (5-20%) u temneparypu (20-80°C) Ha pabotauTe pasrBopu. Ilpu cemure ycnosus, Ca-
(docdar BIMse HE3HAYUTETHO, JOKATO MAHFAHOBHS HAMaJIsiBa CKOPOCTTA HA OTJIaraHe U JAeOelMHaTa Ha TOKPUTHATA.

dochaTHUTE TOKPUTHS C€ CHCTOSIT OCHOBHO OT (hazuTe XomeuT ¥ GochoPHINT, KaTO MPU ChIBPIKAIINTE MAHTAHOB
¢docoar pasrBopu, BbB (ochodunura e HabmogaBaHO yacTHYHO 3aMecTtBaHe Ha Fe ¢ Mn. EDX-ananu3u nokazaxa
nanuuue Ha Ca u Ni B nokpurtusra, npu godassine Ha Ca- u Ni-docat kM paszrBopute. XaOUTYChT Ha OKPUTHSITA CE
3ala3Ba, KaTo pasMCpUTE Ha 3bpHaTa CC€ yBCIMYaBaT NPU HAJIUYHMEC Ha HUKEIIOB, HEC CC IPOMCHAT B NPHUCHCTBUE Ha
KaJIIMEB ¥ HaMAJIABAT MPH 100aBsHE HA MAHTaHOB (pocdar KbM pabOTHUTE Pa3TBOPH.

Kopo3uoHHMAT moTeHIMan Ha mokputusata B 3.5% pastBop Ha NaCl, ce m3MecTBa B IOJOXHTEIHA IOCOKA B
CJIeJIHATA TTOCIEA0BATETHOCT: Zn-Mn — Zn-Ca — Zn — Zn-Ni.
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