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Abstract

The effect of polyamine having molecular weight 70,000u (BT70) in the non-cyanide alkaline plating bath on the
morphological zinc electrodeposited coating was investigated. The obtained results from the reflectance of
electrodeposited zinc coating by a suitable range of electro-current density and SEM images showed that BT70 had
effect on the zinc plating in comparison with the zinc deposits from plating bath without BT70. The electrodeposited
coating surface was rough and poor adhesion. However, adding BT70 into the plating bath led to the surface roughness
of electrodeposited coating and grand size being reduced. Zinc electrodeposited coating from a plating bath containing
BT70 at 0.5 g/L, respectively, experienced the highest reflectance, equal 46 % of the electrodeposited coating from the
bath containing commercial additives. Hull method showed that the zinc deposited coating surface became smoother
with the presence of polyamine in non-cyanide alkaline zinc plating solution. The zinc deposited coating had a semi-
gloss scope at 10 A/dm?. If the BT70 content increased, the semi-gloss scop and the gloss of samples’ surfaces also

grew up.
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1. INTRODUCTION

Non-cyanide alkaline zinc plating, which was
commercial compound in the early 1960s [1], has
been popularly used in recent years. In Vietham,
cyanide-free alkaline zinc-plating systems have been
introduced and become widely due to its benefits
such as non-toxic, easily applying the post-treatment
method (such as create a conversion coating),
friendly environment, especially easily treating
waste water [2-8]. However, cyanide-free alkaline
zinc plating will create a low-quality coating
absence of additive and thus shrink the application
scale of this system. Moreover, additives for
cyanide-free alkaline zinc plating are majorly
imported in Vietnam. In addition, there are few of
articles published. Hence, the study of additives for
non-cyanide zinc plating is necessary.

The kinds of polyamine with various molecular
weight have been used as additives for ammonium
chloride as well as for alkaline zinc plating solution
systems [3-5, 7]. These chemicals make not only
smoother surface zinc deposited coatings but also

increasing the gloss of zinc coatings. Depending on
the molecular weight and chemical natural,
polyamine would have a different effect on zinc
electroplating process. The effect of molecular
weight, classes, and molecular structures of
polyamine on the zinc deposited in the alkaline
cyanide-free plating bath was reported [4]. The
obtained results indicated that there was a different
effect of class and molecular structures of
polyamines on the zinc plating process. However,
the different effect of molecular weight polyamine
was not clearly investigated.

In order to be able to use as an additive,
polyamine has to dissolve into alkaline solution. The
low and middle molecular weight meets this
requirement. Polyamine which had molecular weight
being 70,000 (BT70) is a large molecular weight,
slowly dissolve in the alkaline solution. However,
BT70 needed a small amount of content in the
plating bath to affect significant effect on the zinc
process. In addition, the authors have not looked for
any articles which were published about effect of
BT70 content in the zinc plating process in non-
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cyanide zinc alkaline solution.

Hence, this work would present the results of a
study of the effect of BT70 content on the zinc
process in the cyanide free alkaline plating bath.

2. EXPERIMENTAL
2.1. Materials

Cyanide — free alkaline zinc plating solution
contains major constitutes: 140 g/L NaOH, 15 g/L
ZnO with BT70 16000 in various contents. Hydro
chloric solutions were used for the pre-treatment of
steel surfaces at 20-30 % and 5-15 %. All of the
chemicals was used at P grade and dissolved by
deionized water.

2.2. Sample preparation

Steel low carbon plates (100x50%x1.2 mm) were
degreased by immersion in UDYPREP-110EC
(Enthone) with 60 g/L of concentration at 50-60 °C
of temperature for 5-10 min. After that, the samples
were immersed in a solution containing HCI (10 %),
urotropin (3.5 g/L) at ambient temperature for 2-5
min.

- Zinc electro-galvanizing process: all of the
samples were electrodeposited by DC supply with
the current stable device.

2.3. Analysis

- Effect of BT70 on the gloss and semi-gloss scope
of zinc electrodeposited coating was determined by
Hull method.

- Effect of BT70 on the distribution of zinc
electrodeposited coating was evaluated by Haring-
Blum method.

- Effect of BT70 on the performance of zinc
electrodeposited coating was evaluated by weight
method.

- The gloss of electrodeposited coating was
determined by Progloss 3, model 503 (Germany)
according to the ISO 2813 standard.

- The curve polar cathode was examined by
dynamic polarization method which means by
Autolab PGSTAT 30 with 3 electrodes: compared
electrode: Ag/AgCI, auxiliary electrode: platinum
(Pt) with 1.5 cm’® of square; work electrode: steel
with diameter 1 cm, 0.785 c¢cm? of square, 2 mV/s of
scan speed. The parameters illustrated E — | relations
were graphed in point operations.

- Morphology surfaces were evaluated by
Scanning Electron Microscope which means by
Jeol-JSM-6510LV (Japan).
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3. RESULTS AND DISCUSSION
3.1. Effect of BT70 on cathode polarization

Tafel tilt shows the effect of complex agents on the
reduction of the metal ion. If the system has Tafel
tilt at a high level, the polarization will have a
significant effect on the plating speed and the zinc
coating created will become smoother, and high
glossy.

Effect of BT 70 on the cathode polarization were
showed on the Fig. 1. BT70 was added into plating
solution with various contents also increased
cathode polarization in comparison with the plating
solution in absence of BT70. If the BT70 content
increased, the cathode polarization also grew up.
The plating solution containing 1 g/L of BT70 saw
the highest cathode polarization.

However, the content of BT70 cannot be larger
than 1 g/L because BT70 precipitated initially at 1
g/L.

3.2. Effect of BT70 on the zinc plating process as
Hull method

The zinc deposited coatings from various solutions
containing different BT70 contents were displayed
on the Fig. 2. Table 1 showed the gloss value and
semi-gloss scope of zinc deposited coatings (Hull
method).

The results showed that, the zinc deposited
coating from the plating solution in absence of BT70
was very harsh, low adhesion. At the 1.5-10 A/dm?of
current density range, the coating was very thick and
dark color. At the 0.05-1.5 A/dm? of current density,
the zinc coatings created were very thin and light grey
while in lower current density at < 0.5 A/dm? the zinc
coatings became super thin. These results indicated
that zinc deposited coatings from the plating solution
in absence of BT70 had a low distribution in all range
of current density, roughness and no semi-gloss
scope.

From Fig.2b to 2f, BT70 was added into plating
solution at 0.05 g/L and 0.1 g/L produced smoother
deposited coatings having better distribution in
comparison with zinc deposited coating from
solution in absence of BT70 but the coating from
both of these plating solutions had no the semi-
gloss scope. The plating solution containing BT70
content at 0.25 g/L produced the zinc coating had
initially a semi-gloss scope. If the content of BT70
in plating solution continuously increased, the
semi-gloss scope went up. Whole the sample
became gloss if the content of BT70 was at 1 g/L.

To initially conclude, BT70 had a strong effect
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on the gloss and semi-gloss scope of deposited coatings but there were the range of samples at
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Figure 1: Effect of BT70 on cathode polarization
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Figure 2: Samples from plating solutions containing various BT70 contents:
(@) no BT70, (b) 0.05 g/L, (c) 0.1 g/L, (d) 0.25 ¢/L, (e) 0.5 ¢g/L, () 1 ¢/L

402



VJC, 55(4), 2017

either low or high current density which were dark
grey.

The results from Hull method provided some
information of effect of BT70 on the zinc plating
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evaluate the full of effect of BT70 on the zinc
plating process in the non-cyanide alkaline plating
bath.

Parameters of current density at 0.5 A/dm? and 5

process. However, it needs further studies to A/dm? have been selected for further studies.
Table 1: Effect of BT70 on the gloss and semi-gloss scope of
electrodeposited coating (Hull method)
Sample from plating solution contains . The highest gloss of samples
i pvarious gT?O ?:ontent (g/L) Semi-gloss scope ’ a% 60° P
1 0.00 None Can’t determine
2 0.05 None Can’t determine
3 0.10 > 1.3 A/dm? Can’t determine
4 0.25 >5 A/dm? 11.6
5 0.50 0.7 to 10 A/dm? 51.4
6 1.00 > 10 A/dm’ 56.7

3.3. Effect of BT70 on the zinc deposited coatings
surfaces morphology

SEM images of zinc coatings from a plating
solutions containing various BT70 content at 0.5
A/dm?va 5 A/dm? of current density were displayed
on figure 3.

As can be seen from Fig. 3, the morphology of
zinc deposited coating depended on two factors, the
current density and the BT70 content. In comparison
with the coatings produced at 5 A/dm? the zinc
deposited coatings created at 0.5 A/dm’ saw
smoother and the zinc grain experienced smaller.
For coating surface form plating solution in absence
of BT70, at 0.5 A/dm’ the zinc grain size produced
was 0.5-1 pm but with 5 A/dm* of current density
could create the zinc grain size at 10-30 um.
However, when the zinc plating process was
conducted at low current density, it required more
time than that at higher current density.

If the BT70 content increased, the zinc coatings
surfaces also became smoother and the zinc
produced saw smaller and good distribution.
Moreover, the the BT70 content also affected the
form of zinc produced.

3.4. Effect of BT70 on the distribution (smooth
deposited coating)

Zinc deposited coatings from plating solution
containing BT70 saw smoother than those from
plating solution absence of BT70. As can be seen
from Table 2, if the BT70 content grew up, the
distribution of deposited coating also rose. However,
the plating solution containing higher BT70 content
than 0.5 g/L could not create an insignificant

difference of distribution to compare with the
samples produced from the plating solution
containing 0.5 g/L of BT70. The highest distribution
was samples from plating solution containing 1 g/L
and 5 A/dm? of current density, level off 66.6 %.

Table 2: Effect of BT70 on the distribution

Carro (9/L) | PB(%) 0.5 A/dm? | PB(%) 5 A/dm’
0 30.2 25.9
0.05 48.4 41.8
0.1 49.5 42.4
0.25 58.3 43.6
0.5 60.8 46.3
1 66.6 49.1

3.5. Effect of BT70 on plating performance

Non-cyanide plating solution in presence of BT70
reduced the performance of plating process. The
performance of zinc plating process in plating
solutions containing various BT70 content was
presented in table 3.

As can be seen from table 3, the performance of
zinc plating process went down if the BT70 grew up.
In addition, the performance also depended on the
current density. At the same BT50 content, i.e 0.05
g/L, the performance of zinc plating process was
59.8 % at current density 0.5 A/dm? while the
performance was 70.9 % at current density 5 A/dm?.
However, if the BT70 content increased to 1 g/L, the
performance was just 11.9 %, at current density 5
A/dm? 1t can be explained that if the BT70 content
increased, the Tafel tilt also rose which meant the
escape of hydrogen leaped leading to increasing the
energy loss.
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Figure 3: SEM images (x5,000) of zinc deposited coatings from plating solutions containing various BT70
contents (1: no BT70, 2+6: 0.05, 0.1, 0.25, 0.5, 1 g/L of BT70) at 0.5 A/dm’ (a) and 5 A/dm? (b) of current
densities
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Table 3: Effect of BT70 on the plating performance

Cerro (/L) | HS (%) 0.5 A/dm?® | HS (%) 5 A/dm?
0 80.7 79.2
0.05 59.8 70.9
0.1 57.4 47.1
0.25 53.3 314
0.5 46.3 22.2
1 36.7 11.9

4. CONCLUSIONS

The obtained results showed that the BT70 had
significant effect on the zinc plating in the non-
cyanide alkaline plating bath. The results of Hull
method indicated that BT70 made the zinc deposited
coating became smoother and had better distribution.
The zinc deposited became glossier if the BT70
content increased. Moreover, BT70 also affected the
morphology of zinc deposited coating surfaces,
especially, the form as well as the size of zinc grain
produced.  Notwithstanding, = BT70 initially
precipitated if the BT70 content was higher than 1
g/L and thus BT70 cannot be used in the cyanide-
free zinc alkaline plating bath at the higher content.

The cathode polarizations rose with plating
solution in presence of BT 70. However, the BT 70
made the performance of zinc plating process
significantly decrease.
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