SEAFL AT FOREFHIE VY xVob
4 GNYLOSKURENKO, SVYATOSLAV VITALIEVICH
5 % I #t (I
ZPANREERHE ¥HR14410A98H8
2AREOBRWER BARUNE4EFE 2R
B O % B FERk8£11A
3

W B

National Academy of Sciences of Ukraine NASUMET
B8 B Development of New Foaming Agent and Techniques for
Cellular Aluminum Production

(FE\T LI =7 ABEEIC BT SRR B L OREEORSE)

F AL W

BXEEZ R OEE OREEE PR KR RLXFEEE VERER
RAbRZ#HR BOMT

®

X N E B

o}

Chapter 1. Introduction

Recent developments in metal foams, especially aluminum, have produced a new class of lightweight
materials at the side of the traditional ones such as polymers, ceramics or glass. The combination of a metallic
character together with a cellular structure gives an interesting potential for a wide application of this material,
particularly for high volume markets such as the automotive industry. Increased demands concerning cost
economy, passenger safety in automobiles and materials recycling all bring constructors now to use metal
foams and develop production technigues.

In the present research on aluminum foaming the route of gas-releasing agent:;v is selected to produce
bubbles in the melt. To reduce a production costs and develop a technique applicable for the production of
aluminum foam with uniform cellular structure a new widely available, inexpensive and safe foaming agent,
calcium carbonate, is suggested instead of the conventional agent, titanium hydride.

In this work, the ion-exchange process was employed for the novel purpose of coating calcium carbonate
powder with fluoride. The present study aims to investigate the coating procedure, to compare the foaming
ability of the conventional FA (TiH,) with the new one (CaCQs), and to elucidate the impact of surface
phenomena occurring during melt foaming on the structure of solid foam.

To provide insight into the melt foaming process and achieve the present purposes the study is carried out
and the results are summarized as follows:

Chapter 2. Initial growth of a bubble in a liquid metal around a gas-releasing particle

This process has been studied using both physical and mathematical models. Hydrodynamic, diffusion
and capillarity factors have been applied to analyze bubble nucleation from a gas-releasing particle in a melt.




The generalised equation derived in analytical form allows to estimate a bubble growth kinetics in a
liguid medium and can be also applied to various combination of GSI material and melts, different external
pressure and melt temperature. The condition for microcavity nucleation and bubble growth from GSl in a
liquid melt is derived.

The validity of the present theory was tested by calculation of the bubble formation released with Ti-H
compounds in Al melt. Analysis of the results shows that the developed theoretical approach is applicable for
pore growth study in liquids, particularly at metal foaming by gas releasing agents.

Chapter 3. Development of new foaming agent for aluminum

Improvement of foaming ability of the new foaming agent (FA) in a melt was achieved by enhancing the
wetting of particles. An ion-exchange process was employed for coating calcium carbonate powder with
fluoride. The coating procedure and a comparative study of the foaming ability of the conventional FA (TiH;)
with the new agent (CaCQj3) have both been carried out.

Surface analysis of the particles revealed the presence of fluoride on the coated particle surface. Effect of
coating was considered by the examination of wetting behavior of coated and uncoated CaCOs; by the Al melt.
It was determined that coating of CaCQO; by the CaF, resulted in a decrease in contact angle (~ 15°) in
comparison with uncoated carbonate. The possibility of using calcium carbonate as a new foaming agent for
aluminum was supported following examination of agent foaming ability. Coated carbonate produced metallic
foam with a density comparable to that of samples treated by titanium hydride (~1.0x10* kg*m™) and much
less then uncoated carbonate (1.7x10° kg-m™). It is believed that this result was caused by wettability
enhancement due to the agent coating. For practical use of the new foaming agent, it is important that coated
carbonate ensures aluminum foam with smaller pores (1.1x10? m) than those produced by the conventional

FA, titanium hydride (1.8x10® m). Optimal conditions for agent coating were determined.

Chapter 4. Decompesition of TiH2 and CaCO; foaming agents in liquid aluminum

The present study aims to investigate the decomposition of the foaming agent in liquid aluminium,
monitor its foaming behavior and identify the parameters controlling these processes.

The results of the TG and DTA measurements showed that the decomposition of TiH, and CaCO; occurs
in the temperature ranges of 460 to 650 °C and of 650 to 850 °C respectively. It was observed with X-ray
apparatus that titanium hydride in tablets and foil decomposed at the constant melt temperature (690°C) for 50
min in similar stages — with intensive bubbling, foaming and élow bubbling. Tablets produced gas much
intensively than powder packed into foil. Cellular metal structure was not obtained because of total amount of
hydrogen released by TiH, was lost to étmosphere when temperature was held at 690°C.

Calcium carbonate decomposed at 720 °C not so intensively as titanium hydride without foam formation
for 10 min. Cross section of the samples showed no pores in the metal. It is not reasonable to use for foaming
compacted agent because tablet can not ensure uniform bubble distribution in the melt. Moreover the tablet
remains in metal making the properties of metal worse. :

Actual foaming by TiH2 agent starts in semiliquid melt at 630°C while cooling with bubble redistribution
and growth. Hydrogen pressure ant cooling rate of the melt are to be very important parameters to control cell
size. To obtain the cellular structure it is necessary to cool melt down while treating by TiH, agent or to use



foam stabilising additives.

Metal foam treated by CaCOs can be obtained only using melt thickening (for example by Ca addition)
and vigorous stirring of the melt during agent introduction as was ensured in Section 3.

Comparison of different agents decomposition allowed to distinguish the foaming mechanism. Melt
foaming by CaCO; took place while melt cooling to temperature higher than that reached in the case of TiH,
agent. Calcium oxide particles are supposed to restrict bubble expansion and coalescence causing smaller

pores compared with that obtained by TiH,.

Chapter 5. Influence of wetting conditions on bubble formation at orifices in an inviscid liquid

Since wettability is found to be a substantial criterion to control bubble size it plays an increasingly
important role in making of a new class of lightweight materials such as metallic foams. Both the gas injection
technique and foaming agent usage to produce foamed metal deal with bubble formation at the solid (nozzle,
gas releasing particle) - liquid (melt) interface.

Bubble formation at single orifice (1 mm diameter) submerged in water with air blowing at an extremely
small flow rate (0.033 cc/s) has been studied at a wide range (68°<0,<110°) of wetting contact angles, Bubble
shape and volume variations were properly described considering the bubble configuration and the key
geometrical parameters (V, S, Ro, D), and criteria relations D/d, V/Ro and S/V. Mechanism of bubble growth
was described for orifices with different wettability. '

The difference between bubble formation at extremely small flow rates and geometrical assumptions of
the two-stage mechanism excepted previously by different theoretical models is pointed out.

The study conforms importance of wetting conditions in bubble formation. Wettability enhancing (from 110°
to 68°) results in bubble volume decrease by more than half,

Chapter 6. In situ bubble formation at nozzles in liquid aluminum

The effect of wettability during the injection of argon into molten aluminum on bubble formation with
foaming purpose was in situ studied. In the experiments X-ray fluoroscope was used to observe gas behavior
directly at the nozzle tip with different wetting.

It was determined that a bubble produced by steel and silica nozzles (relatively good wettability) is
smaller than that formed from an alumina tip (poorer wettability). The examination revealed similar stages of
bubble evolution, named growth and necking while detaching. It has been shown that bubble volume increase
with contact angle both for aqueous and metallic systems. It was also indicated that bubbling mode turn into
Jet mode when gas flow rate exceeds the range of 2.5-6.5 cc/s depending on diameter and nozzle material. The
present study shows that injection devices wetted by liquid melt are reasonable to use, particularly in metal
foaming techniques, for producing small bubbles in the melt.

Chapter 7. Conclusions

The present work has focused on the development of the new foaming agent for aluminium, calcium
carbonate. Its foaming ability was improved by wetting enhancement and compared with conventional
titanium hydride foaming agent. Bubble formation in liquids (water and aluminum melt) was studied both
mathematically and experimentally.
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