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Abstract : The kinetics process of absorbing hydrogen of Al melt was analyzed and it was considered that the concentra-

tion of hydrogen in Al melt was determined by the concentration of water vapor in the interface of the oxide layer and Al

melt . The change of the alloying composition will result in the change of compactability of oxide layer and affect the pro-

cess of the water vapor gas penetrating the oxide layer and entering the interface of Al melt and oxide layer. Based on the

above analysis , the kinetics equation of Al melt absorbing hydrogen was established, and compared with the test result .

The results of calculation were ele mentally coincident with the test result. The curve of hydrogen concentration varying

with reaction time in Al melt can be obtained from this equation. And scientific basis could be provided to select melting

technology parameter properly and control the concentration of hydrogen in Al melt .
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1 INTRODUCTION

Hydrogen in Al melt mainly comes from water
vapor[1 V. It is the water vapor absorbed between the
oxide layer and the Al melt, but not the gaseous wa-
ter vapor that reacts with the liquid metal, because
there is always a thin oxide layer on the surface of the
Al melt. Following is their che mical equation:

mH, 08 “+ nMey = Me,,0,,+2m[ H], (1)
where  H, 08' Lis water vapor between the oxide
layer and the Al melt, [ H]y is hydrogen dissolved in
the Al melt, Me is cle ment that has the maximum
affinity with the oxygen, and m, n are parameters
that relate to the metal melt .

The reaction equilibrium constant of Reaction

(1) ist?!
Cg_ Ll 29 m
K= G- L (2)
CH,0
where cg' Yis the hydrogen concentration on the in-

terface , c§ o is the concentration of the water vapor
2

adsorbed on the interface .

The restriction factor of Reaction (1) is hydro
gen’ s transmitting process in metal meltt® 4!, The
reaction speed depends on the hydrogen concentration
gradient and its orientation in the melt. The above
reaction process may be either absorbing or eliminat-
ing hydrogen which will be determined by the rela-
tionship of the hydrogen concentration in the interface
and that in the melt. When the hydrogen concentra-
tion on the interface is higher than that in the melt, it
will absorb hydrogen. Else, it will eliminate hydro-
gen. The kinetic process of absorbing hydrogen was
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analyzed e mphatically as below .

2 KINETICS OF Al MELT ABSORBING HYDRO
GEN

The speed of the melt absorbing hydrogen may

be expressed by the following equation[z] :
ﬂ G- L L

U= dt =k(cyg "- cp) (3)
where ch is the concentration of hydrogen dissolved
in the melt, k; is the transmitting coefficient of hy-
drogen in the melt .

Suppose when reaction time t =0, ch - ch, o
( ch, o1is the original concentration of hydrogen in the
melt) , we can get Eqn. (4)

Eqn.(3) :

through resolving

L_ G-L G- L L -kt
cy=cy -(cg - cy oe (4)
From Eqn.(4) , we can conclude that when ¢ —
o ch - cg' L' The kinetics curve is showed in

Fig .11°1,

In a multi-ele ment system, the change of ele-
ment composition will cause the change of cgz'oL,
which will appear in two kind of situation :

1) c§ “is decreased with time expanded ;

G- L

2) cq

The two situations will be discussed respectively
hereunder .

is increased with time expanded.

2.1 cfi "decreased with time expanded
Now that the change of the alloy ele ment compo-

sition can cause the decrease of cgz'oL, the concentra

tion of water vapor adsorbed in the interface of the
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Fig.1 Relationship between concentration of

hydrogen in melt and reaction time

G- L

oxide and the melt, the cp will also decrease,

which may be expressed by below formula :

cit=ciiion al- et (5)
where cg: ]5 is the original concentration of hydro-

gen in the interface ; a, k,is constant.
From Eqn.(5) , we can see that, when ¢t — oo,

cg' Lo cgj](“)- a, which is the final concentration of

hydrogen ( ch’ ) in the melt. We can conclude that
the physical meaning of a is the difference between
the original concentration of hydrogen in the interface
( cg: &) and the final concentration of hydrogen in the
melt ( ch’ ») after keeping the te mperature for a long
time .

Substituting Eqn.(3) into Eqn.(5) , we can get
the equation as below :

ﬂ G- L -kt L

dt:’ﬁ(CH,O'ﬂJrﬂe 2) - kicy (6)

From Eqn.(6) , we know that the function ch
= f(t) has an extre me value . Because it is the pro-
cess of absorbing hydrogen that is studied, the ex-
tre me value should be the maximum value. f,, can
be resolved from Eqn.(6) , which is

(7)

t nax » ch’ nax are time and hydrogen concen-

1
tmax = (E)ln L

CHi, max = CH, e
where
tration in the function cjj = f(t) corresponding to the
extre me point .

Eqn .(6) is a first-order linear differential equa-
tion . Its general form is y/+ P(x)y= Q(x), where
P(x) =k, Q(x) =k (ciig- a+ aexp( - kyt)) .
So according to the form of general solution of the dif-
ferential equation, which is

v 17 [ aend "o+ comt

and noticing that cg: ]5 - a= ch, o, We can get the

solution of Eqn.(6) , which is

kia

L L M %kt -kt
cH=cH,m+k kel+Const><e1
1 - K2

Using the boundary condition t =0, ch = ch, 0>

we can get that

kla
Const:ch o- ch o -
’ ’ ki -k,
So the function c}j = f(t) has such form as
ki a
L L 1 -kt
CH = CH, ot e 2+
ky -k,
ki a
L L MRkt
CH,O'CH,OO'kl_kze ! (8)

Supposed that the boundary condition is t =0,
ch= ch, os b= oo, ko ch’m we can get a’ s expres-

sion from Eqns .(7) and (8) when ¢t = £, .

L L
@ = CH,0- CH, o -
-kt L L L L
€ 1(CH o - Chy max)+CH 0- CH, »
X
kltmax

a

In ¢ )

CH, max - Ch, =)

If # 0k » ch’ max > ch’ 0> ch’ « and k; can be got
by test, then the value of a can be calculated, and
cg: ]5 = cg: L+ a can be calculated further. Eqn.(9)
can be solved by iterative and graphic method ¢!,
Then k, can be got from Eqn.(7) after a is calculat-

ed.

2.2 cfi “increased with time expanded
When the concentration of the water vapor ab-
sorbed on the interface increases for the change of the
alloy element, cg'L will increase too. Similar to
Eqn.(5) , we can get
citt=cilgta(l-e R (10)
Substituting Eqn.(3) into Eqn.(10) , we can
get
L
%: k[ cg:](;- a- aexp( - kpt)]- kck
(11)
Same as cﬁ':](; = ch’ w T a, we can get the ex-
pression of £, :
_ L In a
P T OO el

(12)

From Eqn.(12) , we can see that ch’ max €an not

be greater than ch’ . Therefore , the function ck =
f(t) hasn’ t extreme value, whose kinetics curve is
showed in Fig .1 . The resolution of Eqn.(11) is

ki a
L L A N
CH= CH, o~ e 2+
ky - ky
ki a
L L 1 -kt
CH, 0" CH’°°+k1- k, e N (13)

3 ANALYSIS OF RESULT OF CALCULATION
AND TEST

A group of test was designed in order to verify
the mathe matics model above according to references
[7~10]. Two kinds of alloy AF12 %Si and A7 %
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Sir0.3 % Mg were selected. They were melted and
held at the te mperature of 720 'C, the initial concen-
tration cy o, ch, ~ at the time of t and ch, max Were
measured. Then the figure about In( ch, o ch, o)
and ¢ was made. Finally a line was obtained by con-
necting every point in the figure, and the transmit-
ting coefficient k; could be calculated from the slop
ratio of the line. Substituting the data above into
Eqn.(9) , we can get the value of a. And we can get
k, by substituting them into Eqn.(7) . The parame-
ters obtained were listed in the Table 1 .

Table 1  State parameter of alloy melt

State parameter AlF12 %Si A7 %Si-0 .3 % Mg

cii. o/ (mLekg™") 6.27 7.52
k /10" %s! 3.428 3.761
ky/10°4s! 3.408 3.740
a/(mLekg ") 12.868 16.074

. o/ (mLekg™h) 14.275 16.930

The kinetics equation of melt absorbing hydro-
gen was obtained after the data in Table 1 were sub-
stituted into Eqn .(8) .

For alloy Al-12 %Si:

_a
ch=1.43 +220 .55 ¢ 3408x10 1
291 35 e-3.428x10'4t

(14)
For alloy Al-7 %Si-0 .3 % Mg :
chi=1.69+302.27¢ 374%10 1.
303 .21 ¢~ 2 76%10 (15)

The concentration of hydrogen in the melt ob-
tained from test at different time and the curves ob-
tained from the equations above were shown in
Fig 2.

From Fig.2, we can see that the calculation re-
sult is the same as the test result basically . So we can
draw a conclusion that Eqn.(8) expressed accurately
the relationship of the amount of hydrogen and the
time on the condition that the concentration of hydro-
gen in the interface of the oxide and the melt de-
creased with increasing time .

In the same way, we can verify Eqn.(13) , and
describe the relationship of the amount of hydrogen
and time on the condition that the concentration of
hydrogen in the melt increases with increasing time .
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Fig.2 Relationship between amount of
hydrogen and reaction time
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