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On Operational Célculus

Yoshio Kinokuniya

Abstract

Let F(P) be the abridgement of F(P) (») and P, Q be commutative operators, then
if F(y) is analytic the mean-value theorem and the Tavror-expansion have their ahalogies
for F(P-+tQ). If F(P)G(Q) converges F(xP)G (xQ) is regular in |2| <1. And some
other important facts are shown basing on the fact that when some of the operators are
-being principally investigated the rest can be regarded as parametric elements. In the last
paragraph, two generalizations of the Larracz-transformation are shown.

Introduction

In algebra an operation which is defined by the equality
d ) =dw)v + ud (v)
is called derivation”. This is a generalization for differentiation of the first
order, so it will be very natural if we define the operator by the following
three conditions: (i) if P (uwv) = P (u)v + uP (v), P is called of the first
order ; (ii) if an operator @ is expressed by a rational intégral form of the
n-th degree of some operators of the first order, @ is called of the n-th
“order; (iii) for any operator of the first order 2, Q'(u) cannot be discon-
tinuous in the range where its values are bounded. )
The present author has been interested to name these operators as
derivers (of finite order, say) and make a study of them, but he has come
across a difficulty, that the process

¢ =P (u) — P (g)= 1)

cannot be posited as a unique correspondence. So the operators mean in
this paper derivers and not inverse derivers. '

If a function ¢ (2, ---, #,) and the result- P (¢) are analytic both in a
domain (of (&, ---, %)), ¢ is called operatable® for P there.

To build up an algebraic system of operators and to study its topo-
" logical proprieties is of course important, but when we are going to research
about unknown practical principles, it seems rather circuitous to mannage

1) The word © differentiation” can be used, too, instead of “derivation”.
2) Cf. Y. Kinokuntya: On Operational Equations, Mem. Muroran Coll. Tch. Vol. T, No. 1
(1950) p. 13.



2 Y. Kinokuniya

‘our eyes only upon the proprieties of the topological structure. So the
author attempts in this paper, to show a simple composition of neighbouring,
starting from the fact, that when some of the operators are being princi-
pally investigated the rest of them can be regarded as parametric elements.

§1. Analogies to Differential Calculi (

Suppose the operator P relates to (&) = (&, -+, &) and is independent
of « and the function ¢ (&) = ¢ (&, ---, &,) independent of « is operatahle for
P, then positing

(@ y) = 96’“?/ yu=f(z P)e) (1, 1)
and denoting
_ 7 D, = 9/995
we have
DLPi(u) = DLP {o° Pt (g)} =k (k—1) - (k—i+1) 2" P (g) -
= PIDi(H) P'(g) = PP Di(w)
ie.

DL P () = P Di(u) = P —gi (¢) = { gf P"j (9). (1,2)

-This relation gives an important operation by Whichk we may reach a
~ definition of neighbourhood of any operator.
If F(y) is an integral function of finite degree, we can erte
F(P +tR)=Sa,t PR, .
then if the function f is operatable for £ which is commutative with I
(say, PR = RP) and the variable ¢ is 1ndependent of f, P and R, the ‘
functlon g () defined by ,

. 9(&) = F(P + iR) (f) (1, 3)
is an integral function of the same degree with F'(y). Hence, by the
 mean-value theorem ‘

g(t)~—J(0)—“g(01t)t 0 <6 <1) .
where it holds that '

w@zuFW+ﬁmn:9”P¥mw>
~ S PEPRE), |
so we have : .
{F(P+tR)~In(P)} (f) = F'(P+<‘}1tR)tR(f) @4

This theorem may be called the mean-value theorem too, and if some
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suitable eonditions are given on the convergency, we.may put F(y) as a
general regular function of y, for which the theorem (1,4) effects. It will
need no further explanation that the TaAvror-expansion can be applied
too, viz. ‘

(FP s o) - R ()= S re) ""] bR ) 8
' 0 < 07 <1

in the range where F (¥)(f) is continuous (D, n)° (¥ = P + {R).

It may be very convenient, when we ommit the explanative symbol (f)

and simply use the abridged notation : -

F(P+tR) — F(P)=F (P+6,tR)tR (1,6)
instead of (1,4). And it will be rather general if we say (1, 6) is effective
for a certain range of operation (which means (1, 6) holds for any operatable
function f the value of which belongs to a certain range), because we can
thus associate with a manifold of functions f.

On putting #— co in (1,5), we gain an operational series and then, if
the range of convergence is. found to be |¢| < p, the operator o2 may be
called the radius of convergence though it is of course an abstract one.
Thus we have a system of neighbourhood.

§2. On the Convergence Problem

In this paragraph the summation theorem of WEIERsTRASS gives
important helps for our aspects. Two lemmas can be induced by this
theorem and we gain some methods of investigation on the convergence
of our operational series.

WeierstrAss” TrrorREM® @ If f,(2) (n =1, 2, ---) are the functions which
are all regular throughout a contour C and s interior and the series

f(z) = Z £

converges uniformly on C, f(z) converges unifcrmly in the genemhzed sense and
regular inside C. Mcreover, on termwise differentiation, :

JP (@) = Z I3 (7)
n={
holds with the uniform convergence in the generalized sense inside C.

Lemma 1: If the series S a, is convergent
n=0

1) This means: the given function has its n-th derivative as continuous in the given range.

Then, consequently, F; F’, -, F\»~1 gre all continuous in the same range, too.
2) Cf. L.\BizperBacu: Lehrbuch der Funktionentheorie I (1930){ S. 155.

\,
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| f@)=E to @
converges and reqular in |x| < 1.

Lemma 2: When f,(2) = iwa,‘f’ 2 (k=0,1,2, ) are all convergent and,

n=0
the series f(z) = £ (2) converges uniformly in the generalised semse in |z| <7,
f(2) is regular in the same range and for its expansion

@) =3 ae | @ 2)

we have

an:]fjoa;k) m=0,1,2 ).

Proof of Lemma 1”: Since 3 @, is convergent, we can find an integer
N for any ¢ > 0 such as ‘ :
| (o] < e for every n > N,
then if we “write ' '

| Ja@) =0+ % + - + a,2"
we have '
|fors @) —Fa @) < ep™' X+ p+ p"+ ) = g™ [ (1—p)

for any ¢(=0,1,2,---) and any » > N, in |z| <p < L
Besides, we can choose an integer % for which

%

4

1= P <1
if we fix p< 1. So it follows that
1mum—nwn<si%~»o as > oo

‘independently of ¢, hence f,(x) converges uniformly in |z| < p, ie. on
 denoting by f(x) the limiting function we see, fa. (x) converges to f(x)
uniformly in the generalized sense in [#| < 1. Then, by WEIERSTRASS’
theorem, f(2) is regular in |z| < 1. QED. = : ‘
Proof of Lemma 2: Directly by WerrsrsTrRASS’ theorem f(?) is regular
and :

= O = BP0 = FaP . QED.

Let us posit two operational. series

1) Lemma 1 is well-known as Aper’s first theorem, but the author gives its demonstration to
show it can be thought as involved in WrERsTRASS.
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F(oP) = kio o, (@ PY |
and ; (2,8
G = 3 b0y

where a,, b, (k=0,1,2,.-) are constant coefficients and suppose that: (i)
P and Q are commutative (i.e. PQ = QP); (ii) G (Q) gives an operatable
function for F (P). Then it may give a critical problem how we shall
understand the range of G (Q), because, as has been remarked in the .
previous paragraph, we associate with the manifold of functions ¢ when
we regard G(Q) as the value of G(Q)(¢). But in this paper let us adopt
as G (Q) the value of a given function.at a given (therefore fixed) point
(€, ---, &), whose cordinates are all independent of z and .
By the supposition (ii) the series

F(P)G(Q) = X 0, P*(G (D))
is convergent, which implies, by the supposition (i), that
F(P)G(Q)=F(P)L 50" = 3 b @ F(P)

is convergent. So, in regard to Lemma 1, we have F (zP)G(Q) to be
convergent and regular for « in [z| <1 and F(P)G(yQ) to be convergent
for y in [y| < 1; and then by the similar considerations on F (zP) G (Q)
and F (P)G (1,Q) instead of F (P)G(Q) we conclude that F (zP) G (yQ) is
regular in |z| <1 and |y| < 1, and for fixed y (or x) the convergence of
the series (with respect to « (or y)) is uniform in the generalized sense.
Hence, F (xP)G (2Q) converges throughout |z| <1 and regular there,
because by WriersTrASS theorem

) dFG . . s .
is convergent, so that —dg  €Xists and is equal to this value. Especially

on setting F () = G(2) =1/(1—%), we shall obtain the result which was
shown in p. 16 of the preceeding number of this memoirs as Ex. 4.
Now on denoting

fi (@) = a, PP 3 b, O @ k=012,
. . =0
by Vitarrs theorem” we find the series ,
f@) =fi@+ fil@)+ -

1) Cf. L. Brzsrrsack: Lehrbuch der Funktionentheorie I, S. 170.
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converges uniformly in the generalized sense in |z] < 1, because by the
foregoing result f(z) = F' (xP)G (zQ) and each of f,(x) (n=0,1, ---) is
regular in |2] < 1. So, according to Lemma 2, on expanding f(z) in the
form

fl@)=A4,+ Az + A2+ .- 2,4)
. we find that this series converges uniformly in the generalized sense in
lz] <1 and =

A, = a,b, )

A =0a,b, P + a,b, Q

o= aby P+ b, PQ + ayb, O - (2,5)
A_zaknthQn— (n—01 -

TueoreM : If F(P)G(Q) converges, F(xP) G(acQ) is regular in lxl <1,
and its expansion (2,4) converges uniformly in the generalized sense in the same
range, given its coefficients by (2,5). It is notable that the radius of comvergence
of (2,4)_ vs not less than 1. v

I

§3. Parametric Effects of Operators

To solve an operational (especially differential) equations regarding
some operators as parametric elements, is not a new idea in our calculus.
In the theory of HEAVIsIDE’S operator, the operator p = 9/9t is supposed
as a positive number in the formal process of calculation and is regarded
as a parameter when it is combined with another differential operator
2/or, where the solution is first put in the form u = u(p, ). If we associate
a special abstract field of operators and put them in some process as
parametric elements, there will happen many extensions of calculi of this
kind and the investigations thus will find an important field. So, in this
paragraph let us have some examples of this idea.

Ex. 1) For the equation

(75 =P o) (=0 @,

positing R, P as two commutative operators in respect to only (x), which
are the variables independent of £ and & simply we may have a solutlon
by

u(@; &t) = f(EP + ER) (¢ (x)) (3,1):
when f is an analytic function for .its argument and ¢(x) is operatable for
P and RB.
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Besides, if we set [u],_, = d(x; 0,%t) in the form .
u(@; 0,8) =f(P) (¢(x)) (3,1

we have

§=0

ot
On repeating this process, ‘we have

= [ otV J = f» (tP) (PR)" (¢) = PY [ avu] -

(B2 =r6P) PR() = PP Bly) = (22

< l.e.

AEY e =0
R f (tP) (¢) = [ l 0 with PY(s,)=0.
Then, . - .
usz(tp) i_l_(t_P_)_Ri }((p)_{_s o %
> 8 ;
’ S = E I-E & ’
which means:
u=fEP +ER) (9) + S . (a)

 And if we take the similar consideration on

u=rf(x;&0) ()
we shall gain another solution }
u=fF(0CP + ER) (¢) + 8 . (b)

“where § = i‘—g‘—t‘ with R'(5)=0 (=12 -).

i=0

To regard (a) and (b) as the same solution we should have S=S to -
be described in the form

8=8=Foa,;e¥ w1th P( 21 :R(d—‘";’—j*—'),

while the solution (3, 1), makes a special case for
~o;=0  for every ¢J=0,1,2, -
Ex. 2) For the equation

{(P Dt) (R : (u) =0 | (3, 2),
we have a solution by
w=F(P +iR) (¢) + g(tP —EB) (¢) (= v=1) (3,2
under suitable con‘ditions_‘on S, 9, ¢ and ¢.
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[

Ex. 3) To solve the equation

9 9 9’ ‘ o
. u) = 3,3
(959m + 299y * acoz)() 0 3, 3)
& 7, ¢, %, y and 2z being independent, we have a convenience to write
92 " 2 2 .2 :
=, o, — =0, — =D, -, — =D, .
2 f o 0, o0 ) o7 ;. and suppose u 1y the form

u=fQAz + Ay + Az)

* because for this case, we may set

A=k (08, =9, A=k (x; = const., ¢ =1,2,3)
which leads to a solution ‘
‘ & . 9y _ L L _ i)
=S (n o+ may + 5i2) g (\Ic_{ By Ky ks ks By &2

when f, ¢ are arbitrary functions being differentiable for their arguements
respectively. '

Ex. 4) If the operators P.(k=1,2,8, .-, s) are expected with the
probabilities w, (%, -+, ¢,) respectively, we may have the expected operator

P=wP + - +wP,. ‘ (3, 4),
Putting here ,
Py) =0 (8,4).
and
9
D, =
2T ox,

we have: z ,
Dk@(xu ey By) = Z(Dkw>P(¢) + ZwiP(Dk(¢)) ’
on condition that D, are all commutative with P, (¢ = 1 2,-,v; k=1,2,
-, 8); 80 We may write symbohcally
| = (@P) (9) + P (dg) - B,
Then, under the restr‘ictior'l that d¢ = 0, we may have
(dP) (¢) + P (d¢) =0

ie. B ,
—{PPszstwzwmwm. 3, 4),

‘Ex. 5) We may have a new type of operational equation in
uy Pi(w) +uy Po(w,) + - +uy Py (wa) = f () (3, 5),
where w, are operatable functions for P, k=1,2,---,n

For this case, it will be very convenient if we can find the difieren-
tiable functions a; (0, ---, 6,, %) such as
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Pw)=a,, (k=1,2-,n) (3,5):
because we have then the well-known equation of the 1-st order
Ug, O+ Uy O+ o+ Uy Q= f(u)

So, the system (8,5), will be called a subsidiary system of the equatlon
(3,5) .

This idea will be applicable in the equations of hlgher order, for
instance

P (u) = u“” O Pe(w) =F) (3, 6)

and in this case we may have a subsidiary system by
Plc(wlc):a’k(ﬁ) ’ (k:]-;zy"‘yn) ) (3,6)2
and consequently reach at the equation of one-dimension

7 dky
w0 =) .
k=0 Y

But, we are not dealing With a new idea in the above course. of
calculation. In fact, we learn in the theory of primitive solutions® we
are given with the type of solutions

u:u(ﬁ) 5 0:0(71‘1;_"':%11»> 

‘and this case gives more complex types of operations, when we posit as

P =398 P@)

because P, (6) (k=1,2, .-, n) cannot be regarded then as linear operations
but give ones which have ont yet been introduced by the author in' this
series of papers. So we see: it should give a natural source of calcula-
tions if we put up the metamorphisms of the theory of primitive solutions
to find the way of calulation for the complex operations of higher order.

§4. On Limiting Metamorphoses

" If there is a sequence of functions f,(n=1,2, ---), which are operatable
for the same operator P and converges to a function f(x), it is very
convenient if we can have the relation

lim P (£) = P (/) | 1)

But it is sometimes not simple, especially for the case when the equation
is satisfied but bit by bit in the given domain; we have some well-known
types of examples which do not conform to the expectation (4,1) but are

1) Cf. H. Barrmax: Partial Differential Equations (1931), p. 95.

i
H
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very interesting. For instance, by the funection defined as
g(&x) =ax(l —¢&) (<9
o =¢(1 — =) (>¢)
which is called Greex’s function, the equation 3" =0 is solved except the
point ® = ¢ in the interval — oo < T < o and by the funection

Y= 5231 fsg (%, &)
is solved the same eqdation bit by bit (say : except x = &, j--,En). But
1
v={sworede

does no more solve the equation but gives a solution of the equation-
Yy’ (x) + f(x) =0. In the following the author will show an analogy of this
fact in the operational calculus.

Suppose that: (i) the function u (& x) is operatable for £ which is
independent of &; (ii)

R =a,  (0<z<9),
and ‘ R (u) =0, <],
where both a, and b, are constants as far as z does not move beyond ¢,
and f(§) =a; — b, is a continuous function of ¢ in 0 <L &< 1; (iii) the
integral

@

1 - . . .
fueoi=v@ .9
exists. Then by (iii) we can choose &, ,(k = 0,1, -, n) such as
‘ 0 = Sn,()_< fn,i < et < Sn,n - 1
and , ’
lim (én,k - ‘En,k—]) =0 (k = 1, 2, )

so that on positing
Un (x) - E‘ (En,lc - Sn,l.c—-l) U (Sn,k’ x)
we may have _ ' ‘ »
lim U, (%) = U (x) . ’ (4, 4)
In this case, if D = 9/oxr is commutative with R, for |
‘ P = DR 4, 5)
it may hold that - ‘ '

P(UG) = 1511301%- {R(U(JM—a))—R(U(n))} . lﬁig—:—R{U(x—l—e)—U(x)} .
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So, if lim P (U,) = P (U), we may have ,
PU@) = lim i B [Hm > {u Enro TH) =2 sy x)} (§k~§k_,)]

= 1¥m l [hm )3 [R(M(En o B4e) — RW(E s T))} (ér— fk-l)]

n=oo k=1

where we may possibly suppose &,.3x 2, # + ¢ for £, = 1,2, .-, hence in
accordance with the suppositions 4,2) and (4,3)

PwE)=tim L[ (T e+ [ bode~(Ta - [v. ]

z+ &

=tim L[ (a2 g”gbé dg]

e 5.7

—1im (" r @) ds .
Since f(x) is continuous we gain
P (U (@) = f(x) ~ 4, 6)

while dlrectly from 4,2) P{U,(x)} =0 for every z ¢ Enk(k =0,1, -, n).
On the loosened relation

[P (h (2, )]s = ¢ (b (2, 2)) O
where k(z, £) is a solution of the system » :
w(®8) ¢() —p @ &) h = ¢(z,6)"

( DV1+V2+ +Vn¢(x E) ) . 0 (4; 8)
2x 19t .- (my=(g)

we may find another similarity of GREENS case, positing

Uy @) = 3 7 @ b (@, 60)
where
P = 1 when (x) € D,;
=0 when )€ D,, (*k=1,2,.N,);
@)=(x )3 E.0€ Dy Dj,kﬂDj,k’:O if k¥ and D=D,+ -+ Dy x;
diameter of D;,<<1/j(k=1,2,---,N,). In this case, if & (z, &) is bounded

and regular in D U; converges to a limiting function u(x,x), but we
cannot say generally Ilm P U, (x)) =P (u(z,)).

§5. Generalizations bof Laplace-transformation

In operational analysis, especially in practical mathematics, the theorjy

1) For the details ¢f. Y. Kinvokuniva: On Operational Equations. Mem. Muroran Coll. Tech.
Vol. I, No. 1, -
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of Larrace-transformation” has given us many contributions. So, it will
be a natural try to research for any analogous course or generalization of
this standpoint. )

For such a purpose as merely to raise the dimension of the variable’s
set we may have an answer simply by the following means, when we
define the symbol & (or £,) by

QA(E, vty =D Dy Sm S“Q*Pztx— e —=pyly Alty, -, b)) dt, —-dty, (5, 1)
N . 0 [}
and call the transformation ,
v f(ply ey pv) = QA4 (tn ) tv) (5, 2)
the Laplace-transformation of v-dimension. In this case we have the in-
verse transformation ‘ i

1 Y pl1 +ioo . peytioo Dyy <y D, ,. .
4t =(gg) | an | S e ean, 69
€1 — i ()y—ioc v .

which is to be named Mellin’s formula of v-dimension. The unit-function
1 will be defined as -

ioo prey+ o Tpyey

R e

=1 ‘When >0, >0, -, 2, >0, .

=0  when v, < 0 for at least one j(=1,2,-,) .
And we may have many results which are induced analogously from the
‘theory of L-transformation of 1-dimension.

But, if we persist on our standpoint which has been shown in Para-
graph 2, the conditions would differ accordingly. When two commutative
operators P and R are independent of the variable #, we have the difinition
in the form ‘

s

QA(P,tR) = p S”A (P, tR) e dt | ,3)
the inversion of which is ,
- . o 17 ¢+ ico f(py _P R)
Q 1 . — ¢ d ) .
L0 P R) = S . et dp . (5,5)

¢c—goo -

To deal with the last generahzatlon, we have the equatlon
. (p —P) (u) = f(t; )
to be solved by . ’

e S:e—“"’f(ac; =) dy - (5,6)

1)‘ Cf. G. DorrscH: Theorie und Anwendung der Larrace-Transformation )1937).
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and as for the unicity problem of the solutions Kixo-theorem on the -

equation P (u) =Y (w)® will come in close relation.
Instead of the form A (P, tR) we can adopt different types A (P, -,
P IR), G(P)g¢(t; ---) and so on, but these will make no difference to

our principle.

(Received August 25, 1950.)

1) Y. Kinoruniva: On Operational Equations. Mem. Murcran Coll. Tch. Vol. T, No. 1.

\






A Numerical Table of the Laguerre Polynomials
Masao Yoshida

By the Laguerre polynomial of the n-th degree we mean the polynomial
defined by the following :

-

| L@y

In this report the present writer gives a table of the numerical values
of the polynomials L,(z), n =2, 3, 4, 5, 6 and 7; from z = 0.00 to z = 1.00
at intervals of 0.01, from = 1.00 to x = 5.00 at intervals of 0.05, and from
x = 5.0 to x = 10.0 at intervals of 0.1.

Numerical values of the L, (x) given in this table are exact except
those for #.= 6 and 7 from « = 0.00 to 2 = 5.00, which are correct to ten
decimal places with the possible errors less than half one unit in the last
place.

L@ =
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L (%)

@ L2 () Lj (x) La(x) x
0.00 2.0000 6.000 000 24.0000 0000 120.00000 00000 0.00
0.01 1.9601 5.820 899 23.0471 8401 114.05930 02499 0.01
0.02 1.9204 . 5.643 592 | 22.1086 7216 . 108.25840 39968 0.02
0.03 1.8809 5.468 073 21.1843 6881 102.53462 02257 0.03
0.04 1.8416 5.294 336 20.2741 7856 96.94726 38976 | 0.04
0.05 1.8025 5.122 375 19.3780 0625 9147515 59375 0.05
0.06 1.7636 4.952 184 18.4057 5696 86.11712 32224 0.06
0.07 1.7249 4.783 757 17.6273 3601 80.87199 85693 0.07
0.08 1.6864 4.617 088 16.7726 4896 © 75.73862 07232 0.08
0.09 1.6481 4452 171 15.9316 0161 70.71583 43451 0.09
0.10. - 1.6100 4.289 000 15.1041 0000 65.80249 00000 0.10
0.11 1.5721 4.127 569 14.2900 5041 60.99744 41449 0.11
0.12 - 1.5344 .3.967 8712 13.4893 5936 56.29955 91163 0.12
0.13 1.4969 3.809 903 12.7019 3361 51.70770 31207 0.13
0.14 1.4596 3.653 656 11.9276 8016 47.22075 02176 0.14
0.15 . 1.4225 3499 125 11.1665 0625 42.83753 03125 0.15
0.16 - 1.3856 3.346 304 10.4183 1936 38.55707 91424 0.16
0.17 1.3489 3.195 187 - 9.6830 2721 34.3781¢ 82643 0.17
0.18 1.3124 3.045 768 8.9605 3776 30.29965 50432 0.18
0.19 1.2761 2.898 041 8.2507 5921 26.32053 26401 0.19
0.20 1.2400 2752 000 7.5536 0000 22.43968 00000 0.20
0.21 1.2041 2.607 639 6.8689 6881 18.65601 18399 0.21
0.22 1.1684 2464 959 6.1967 7456 14.96844 86368 0.22
023 1.1329 2.393 933 5.5369 2641 11.37591 66157 0.23
0.24 1.0976 2.184 576 4.8893 3376 7.87734 77376 0.24
0.95 . 1.0625 2.046 875 *4.2539 0625 4.47167 96875 0.25
0.26 1.0276 1.910 894 3.6305 5376 1.15785 53624 0.26
0.27 0.9929 1.776 417 3.0191 8641 — 2.06b17 46407 0.27
0.28 0.9584 1.643 648 2.4197 1456 — 5.19345 70368 0.98
0.29 0.9241 1.512 511 1.8820 4881 ~ 8.24303 08649 0.29
0.30 0.8900 1.383 000 1.2561 0000 ~11.19993 00000 0.30
0.31 0.8561 1.255 109 0.6917 7921 ~14.07018 26651 0.31
0:32 0.8224 1.128 832 0.1389 9776 —16.85481 14432 0.32
0.33 0.7889 1.004 163 —0.4023 3279 —19.55483 32893 0.33
0.34 0.7556 0.831 096 ~0.9323°0064 . —22.17125 ‘95424 0.34
0.85 . 0.7225 0.759 625 —14509 9375 —24.70509 59375 0.35
0.36 0.6896 0.639 744 —1.9584 9984 —27.15734 26176 0.36
0.37 0.6569 0.521 447 —2.4549 0639 ~29.52899 41457 0.37
0.33 0.6244 0.404 798 —2.9403 0064 —31.82103 95168 0.38
0.39 0.5921 0.289 581 —3.4147 6959 ~—34.03446 21699 0.39
0.40 0.5600 0.176 000 —3.8784 0000 —36.17024 00000 0.40
0.41 0.5281 0.063 979 —4.3312 7839 —38.22934 53701 0.41
0.42 0.4964 —0.046 438 —4.7734 9104 —40.21274 51232 0.42
0.43 0.4649 ~-0.155 407 —5.2051 2399 —42.12140 05943 0.43
0.44 0.4336 —0.262 784 —5.6262 6304 —43.95626 76224 0.44
045 0.4025 —0.868 625 —6.0369 9375 —45.71829 65625 0.45
0.46 0.3716 —0.472 936 —6.4374 0144 .—47.40843 22976 0.46
047 0.3409 —0.575 723 ~6.8275 T119 —49.02761 42507 0.47
0.48 0.3104 —0.676 992 ~7.2075 8784 —50.57677 63968 0.48
0.49 0.2801 —(.776 749 —17.5775 3599 —52.05684 72749 0.49
0.50 0.2500 —0.875 000 ~7.9875 0000 —53.46875 00000 0.50
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|

® L (x) L () Ly (x) Ls (x): ®
0.50 0.2500 —0.875 000 — 7.9375 0000 —53.46875 00000 0.50
0.51 0.2201 —0.971 751 © - 8.2875 6399 —b4.81840 22751 0.51
0.52 0.1904 —1.067 008 — 8.6278 1184 —56.09171 64032 0.52
0.53 0.1609 ~1.160 777 ~ 8.9583 2719 —57.30459 92993 0.53
0.54 0.1316 —1.953 064 — 9.2791 9344 —58.45295 25024 0.54
0.55 0.1025 —1.343 875 — 9.5904 9375 —59.53767 21875 0.56
0.56 0.0736 —1.433 216 — 9.8923 1104 —60.55964 91776 0.56
. 0.57 0.0449 —1.521. 093 —10.1847 2799 —61.51976 89557  [** 0.57
0.58 0.0164 —1.607 512 —10.4678 2704 —62.41891 16768 0.58
0.59 —0.0119 —1.692 479 —10.7416 9039 —63.25795 21799 0.59
0.60 = 0.0400 —1.776 000 ~11.0064 0000 —64.03776 00000 0.60
0.61 ~0.0679 —1.858 081 ~11.2620 3759 —64.75919 93301 0.61
0.62 -0.0956 —1.938 798 —11.5086 8464 —65.49812 92832 0.62
0.63 —0.1231 —2.017 947 —11.7464 2239 —66.03040 34043 0.63
0.64 —0.1504 —2.095 744 —11.97563 3184 —66.53187 01824 - 0.64
0.65 —0.1775 —2.172 125 —12.1954 9375 —67.07837 28125 0.65
0.66 —0,2044 —2.247 096 —12.4069 8864 —67.52074 92576 0.66
0.67 ~0.2311 —2.320 663 —12.6098 9679 —67.90983 22607 0.67
0.68 —0.2576 —2.392 832 —12.8042 9824 —68.24644 93568 0.68
0.69 —{.2839 —2.463 609. —12.9902 7279 —68.53142 28349 0.69
0.70 —0.3100 —2.533 000 —13.1679 0000 —~68.76557 00000 0.70
0.71 —0.8359 —2.601 011 —13.3372 5919 —~68.94970 26851 0.71
0.7 —0.3616 —2.667 648 —13.4984 2044 —69.0846% 77632 0.7%
0.73 -—0.3871 —2.732 917 —13.6514 8959 —69.17114 69093 0.73
0.74 —0.4124. —2.796 824 —13.7965 1824 —69.21005 66624 0.74
0.75 —0.4375 —~2.859 375 —13.9335 9375 —69.20214 84375 | 0.75
0.76 —0.4624 —2.920 B76 —14.0627 9424 —60.14820 85376 0.76
0.77 —0.4871 —2.980 433 —14.1841 9759 —69.04901 81657 0.77
0.78 ~0.5116 —3.038 952 | —14.9978 Sl44 —68.90535 34368 0.78
0.79 —0.5359 —3.096 139 ~14.4039 2319 ~ ~68.71798 53899 0.79
0.80 ~0.5600 —3.152 000 —14.5024 0000 - 68.48768 00000 0.80
0:81 —0.5839 —3.206 541 —14.5933 8879 —68.21519 81901 0.81
0.82 —0.6076 —3.259 763 —14.6769 6624 —67.90129 58432 0.82
0.83 —0.6311 —3.311 637 —14.7532 0879 —87.54672 33143 0.83
0.84 —0.6544 —3.362 304 —14.8221 9264 —67.15222 79424 0.84
0.85 —0.6776 |* —3.411 625 —14.8839 9375 —66.71854 90625 0.85
0.36 —0.7004 —3.459 656 —14.9386 8784 —66.24642 30176 0.86
0.87 ~0.7231 —3.506 403 —14.9863 5039 —65.73658 06707 0.87
0.88 —0.7456 —38.551 872 —15.0270 5664 —65.18974 79168 0.88
0.89 —0.7679 —3.596 069 —15.0608 8159 —64.60664 56949 0.89
0.90 —0.7900 —2.639 000 —15.0879 0000 —63.98799 00000 0.90
0.91 —0.8119 —38.680 671 —15.1031 8639 —63.33449 18951 0.91
0.92 —0.8336 —3.721 088 —15.1218 1504 — 62.64685 75232 0.92
0.93 —0.8551 —3.760 257 —15.1988 5999 —61.95278 81193 0.93
0.94 —0.8764 —8.798 184 —15.1293 9504 —61.17198 00224 0.94
0.95 —0.8975 --3.834 875 —15.1234 9375 —60.38612 46875 0.95
0.96 —0.9184 —3.870 336 —15.1112 2044 ~59.56890 86976 0.96
C0.97 —0.9391 —3.904 573 —15.0926 7519 —58.72101 87757 0.97
0.98 | —0.958%6 —3.937 592 —15.0679 0384 —57.84311 67968 0.98
0.99 || —0.9799 —3.959 399 —15.0369 8799 —56.93588 97999 0.99
|
1.00 ~1.0000 ~4.000 060 | —15.0000 0000 —56.00000 00000 1.00
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21.34375 00000

x L () L; (2) Ly () Ls (x) x
1.00 —1.0000 —4.000 000 -15.0000 0000 —56.00000 00000 1.00
1.05 —-1.09758 ~4.135 125 —14.7264 9375 ~50.91362 53125 1.05
1.10 —1.1900 -—~4.2471 000 —14.3119 0000 - —45.20801 00000 1.10
1.15 —1.2775 —4.318 375 —-13.7649 9375 —3R8.96120 09375 1.15
1.20 —1.8600 —4.368 000 —13.0944 0000 —32.2483% 00000 1.20
1.25 —1.4375 —4.890 625 ~.12.3085 9375 —25.14160 15625 1.28
1.30 "—1.5100 —4.387 000 —11.4159 0000 —17.71043 00000 1.30
1.35: —1.5778 —4.357 875 —10.4244 9375 —10.02137 71875 1.35
1.40 —1.6400 —4.304 000 — 9.3424 0000 — 913824 00000 1.40
1.45 ~1.6975 —4226 125 | — 8.1774 9375 587792 21875 || 145
- 150 —1.7500 —4.125 000 — 6.9375 0000 18.96875 00000 1.50
1.55 —1.7975 ~4.001 375 — 5.6299 9375 22.07854 65625 1.55
1.60 —1.8400 -—-3.856 000 — 4.2624 0000 30.15424 00000 1.60
1.65 —1.8775 ~—3.689 625 -— 2.8419 9375 38.14534 59375 1.65
1.70 —1.9100 —3.508 000 — 1.3759 0000 46.00393 00000 1.70
175 —1.9375 —3.296 875 0.1289 0625 53.68457 031256 1.75
1.80 —1.9600 —3.072- 000 1.6656 0000 61.14432 00000 1.80
1.85 —1.9775 —2.829 125 3.2275 0625 63.34266 96875 1.85
1.90 ~—1.9900 —2.569 000 4.3081 0000 75.24151 00000 1.90
1.95 -1.9975 -—2.292 375 6.4010 0625 81.80509 40625 1.95
2.00 —2.0000 ~2.000 000 8.0000 0000 88.00000 00000 2.00
2.05 ~—1.9975 —1.692 625 9.5990 0625 93.79509 34375 2.05
2.10 —1.9900 -1.371 000 11.1921 0000 99.16149 00000 2.10
2.15 —1.9775 —1.035 875 12.7735 0625 104.07251 78125 2.15
2.20 —1.9600 —0.688 000 14,3376 0000 108.50368 00000 2.20
2.25 —1.9375 —0.228 125 15.8789 0625 112.43261 71875 2.25
2.30 —1.9100 0.043 000 17.3921 0000 115.83907 - 00000 2.30
2.35 —1.8775 0.424 625 18.8720 0625 118.70484. 15625 2.35
2.40 —1.8400 0.816 000 - 20.3136 0000 121.01376. 00000 2.40
2.45 —1.7975 1.216 3758 21.7120 0625 122.75164 09375 2.45
2.50 ~1.7500 1.625 000 23.0625 0000 123.90625- 00000 2.50
2.55 —1.6975 2.041 125 24.3605 0625 124.46726 53125 2.55
2°60 ~“~—1,6400 2.464 009 25.6016 0000 124.42624 00000 2.60
2.65 —1.57758 2.892 875 26.7815 0625 123.77656 46875 2.65
2.70 —1.5100 3.327 000 27.8961 0000 122.51343 00000 2.70
2.78 —1.4375 3.765 625 28.9414 0625 120.63378 90625 2.78
2.80 —1.3600 4.208 000 29.9136 0000 118.13632 00000 2.80
2.85 —1.2775 4.653 375 30.8090 0625 115.02138 84375 2.85
2:50 --1.1900 5101 000 31.6241 0000 111.29101 00000 2.90
2.95 —1.0975 5.550 125 32.3555 0625 106.94881 28125 2.95
3.00 —1.0000 6.000 000 33.0000 0000 102.00000 00000 3.00
3.06 —0.8975 8.449 875 33.5545 0625 96.45131 218756 3.06
3.10 ~0.7900 6.899 000 34.0161 0000 90.81099 00000 3.10
3.15 —-0.6775" 7.346 625 . 34.3820 0625 - 83.58873 65625 3.15
3.20 —~—0.5600 7.792 000 34.6496 0000 76.29568 00000 .20
3.25 —0.4375 8.234 375 34.8164 0625 68.44433 59375 3.25
3.30 -~-0.3100 8.673 000 34.8801 0000 60.04857 00000 3.30
3.85 -0.17756 - 9.107 128 34.8385 0625 51.12356 03125 3.35
3.40 =0.0400 9.536 000 34.6896 0000 . 41.68576 00000 3.40
3.45 0.1025 9.958 875 34.4315 0625 31.75285 96875 3.45
3.50 0.2500 10.375 000 34.0625 0000 3.50
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@ Ls () L () L () Ls () ®
3.50 0.2500 10.375 000 34.0625 0000 21.84375 00000 3.50
3.55 0.4025 10.783.625 33.6810 0625 10.47843 40625 3.55
3.60 0.5600 11184 000 32.9356 0000 —  0.82176 00000 .60
3.65 0.7225 11.575 875 32.2750 06256 — 12.53471 65625 3.65
3.70 0.8900 11.957 000 31.4481 0000 — 24.63707 00000 3.70
3.75 1.0625 12.328 125 30.5039 0625 — 37.10449 21875 3.75
3.80 1.2400 12.688 000 29.4416 0000 — 49.91168 00000 3.80
3.85 1.4225 13.035_875 28.2605 0625 — 62.03239 28125 3.85 -
3.90 1.6100 13.371 000 26.9601 0000 — 76.43949 00000 3.90
3.95 1.8025 13.692 625 25.5400 0625 — 90.10496 84375 3.95
4.00 -2.0000 “14.000 000 24,0000 0000 —104.00000 00000 4.00
4.05 2.2025 14.292 375 22.3400 0625 —118.09496 90625 4.05
4.10 2.4100 14.569 000 20.5601 0000 —132.35951 00000 4.10
115 2.6225 14.829 125 18.6605 0625 —146.76264 46875 4.15
4.20 2.8400 15.072 000 16.6416 0000 —161.27232 00000 4.20
4.25 3.0625 15.296 875 14.5039 0625 --175.85644 53125 4.25
4.30 3.2900 15.503 000 12.2481 0000 —190.48193 00000 4.30
4.35 3.522 15.689 625 9.8750 0625 —205.11522 09375 4.35
4.40 3.7600 15.856 000 7.3856 0000 —219.72224 00000 4.40
4.45 4.0025 16.001 375 4.7810 0625 —234.26342 15625 445
4.50 4.2500 16.125 000 2.0625 0000 —248.71875 00000 4.50
4.55 45025 16.226 125 —  0.7684 9375 —963.03779 71875 4.55
4.60 4.7600 16.304 000 -~ 3.7104 0000 —277.18976 00000 4.60
4.65 5.022b 16.357 875 — - 6.7614 9375 —291,12849 78125 4.65
4.70 5.2900 16.387 000 - 9.9199 0000. —304.84757 00000 4.70
4.75 5.5625 16.390 625 — 18.1835 9375 - 318.28027 34375 4.75
4.80 5.8400 16.368 000 ~— 16.5504 0000 --331.39968 00000 4.80
4.85 6.1225 16.318 3756 ~ 20.0179 9375 —~344.16867 40625 4.85
4.90 6.4100 16.241 000 — 23.5833 0000 —356.54999 00000 4.90
4.95 6.7025 16.135 125 — 27.2454 9375 —368.50624 96875 4.95
5.0 7.00 16.000 — 31.0000 —380.00000 5.0
5.1 7.61 15.639 — 83.7759 —401.45001 5.1
5.2 8.24 15.152 — 46.8364 —420.60032 5.2
5.3 8.89 14.533 ~— B5:3039 —437.15243 5.3
5.4 9.56 13.776 — 63.9984 —~450.81024 5.4
5.5 10.25 12.875 —~ 72.9375 —461.23125 5.5
5.6 10.96 11.824 — 82.0864 —468.27776 5.6
5.7 11.69 10.617 — 91.4079 —471.51807 5.7
5.8 12.44 9,248 —100.8624 —470.72768 5.8
5.9 13.21 7.711 —110.4079 —465.64049 5.9
6.0 14.00 6.000 —1260.0000 —456.00000 6.0
6.1 14.81 4.109 —129.5919 —441.56051 -6.1
6.2 15.64 2.032 —139.1344 —422.08832 6.2
6.3 16.49 —- 0.237 —148.5759 —397.36293 6.3
6.4 17.36 — 2.704 —157.8624: —867.17824 6.4
6.5 18.25 — b.375 —166.9875 —331.34375 6.5
6.6 19.16 — 8.256 - —175.7424 —289.68576 6.6
6.7 20.09 —11.353 —184.2159 —242.048b7 6.7
6.8 21.04 ~14.672 —192.2944 - 188,29568 6.8
6.9 22.01 —18.219 —199.9119 —128.31099 6.9
7.0 23.00 —22.000 —207.0000. — 62.00000 7.0

19

P



20

M. Yoshz'da

@ La () Ls (x) Ly () Ls (x) @
7.0 23.00 — 22.000 ~207.0000 -~ §2.00000 7.0
7.1 24.01 — 26.021 —213.4879 10.70899 7.1
7.9 . 25.04 — 30.288 —219.3024 89.86368 7.2
7.3 26.09 — 34.807 —224.3679 179.48657 7.3
7.4 27.16 — 39.584 ~228.6064 267.57376 7.4
7.5 28.25 —'44.625 —231.9375 366.09375 7.5
7.6 29.36 -~ 49.936 —9234.2784 470.98624 7.6
T 30.49 — bb.523 —235.5439 582.16093 77
7.8 31.64 - 61.392 —23b.6464 699.49632 7.8
7.9 32.81 - 67.549 —234.4959 822.83851 7.9
8.0 34.00 — 74000 —232.0000 952.00000 8.0
8.1 85.21 — 80.751 —228.0639 1086.75349 8.1
8.2 36.44 — B87.808 —2292.5904 1226.85563 8.2
8.3 37.69 — 95.177 —215.4799 1371.99607 -8.8
8.4 33.96 —102.864 —206.6304 1521.84576 8.4
8.5 . 40.25 -110.875 ~195.9375 1676.03125 8.5
8.6 41.56 —119.216 —183.2944 1834.13824 8.6
8.7 42.89 —127.893 —168.56919 1995.71043 8.7
8.8 44.24 —136.912 —151.7184 2160.24832 8.8
8.9 45.61 —146.279 ~132.5599 2327.20801 8.9
9.0 47.00 —156.000 —111.0000 2496.00000 9.0
9.1 43.41 —166.081 — 86.9199 2665.98799 9.1
9.2 49.84 —176.528 — 60.1984 2836.48763 9.2
9.3 51.29 —187.847 — 30.7119 3006.76557 9.3
9.4 52.76 —198.544 1.6656 3176.03776 9.4
9.5 54.25 —210.126 37.0625 3343.46875 9.5
9.6 " 55.76 —222.096 75.6096 3508.17024 9.6
9.7 57.29 ~234.463 117.4401 T 3669.19993 9.7
- 9.8 58.84 —247.232 162.6896 3325.56032 9.8
9.9 60.41 —260.409 211.4961 3976 19751 9.9
10.0 62.00 —274.000 264.0000 4120.00000 10.0
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L (x)

0.00
0.01
0.02
0.03
0.04

0.05
0.06
0.07
0.08
0.09

0.10
0.11
0.12
0.13
0.14

0.15
0.16
0.17
0.18
0.19

0.20
0.21
0.22
0.23
0.24

0.25
0.26
0.27
0.28
0.29

0.30
0.31
0.32
0.33
0.34

0.35
0.36
0.37
0.38
039

0.40
0.41
042
0.43
0.44

0.45
0.46
0.47

0.48

0.49
0.50

720.00000 00000
677.33760 44964
635.74087 18849
595.195566 362569
555.68754 83177

517.20280 12656
479.72740 405631
443.24754 41124
407.74951 42973
373.21971 24550

339.64464 10000 -

307.01090 64880
275.30621 91908
244.51439 26720
214.62534 33631

185.62509 01406
157.50075 39036
130.23956 71524
103.82882 35674
78.26597 75895

53.50854 40000
29.57414 75025

6.44051 23047

15.90453 82989
37.47308 23434

58.27709 96094

- — 78.32847 20378

97.63898 41447
116.22032 34345
—134.08408 08131

—151.24175 10000
—167.70473 29399
—183.48433 02134
—198.69175 14468
—213.03811 07220

—226.83442 79844
—239.99162 94513
—252.62054 80188
—264.43192 36684
—275.73640 38726

—286.44454 40000
—296.56680 77194
—306.11356 74035

' —315.09510 45318

—323.52161 00925

—331.40318 49844
~—338.74984 04167
—345.57149 83090
—351.87799 16943
—3b7.67906 51092

—362.98437 00000.

x Ly (x)
0.00 5040.00000 00000
0.01 4692.46267 34118
0.02 4355.33397 31807
0.03 4028.44013 21081
0.04 3711.60912 58837
0.05 3404.67066 26398
0.06 3107.45617 24401
0.07 2819.79879 68792
0.08 2541.53337 86865
0.09 - 2272.49645 13710
0.10 2012.52622 89000
0.11 1761.46259 54134
0.12 1519.14709 49725
0.13 1285.42292 13436
0.14 1060.13490 78163
0.15 84:3.12951 70570
0.16 634.25483 09960
0.17 433.36054 07501
0.18 240.29793 65792
0.19 54.91989 78777
0.20 — 122.91911 68000
0.21 — .293.36307 96792
0.22 — 456.55440. 36707
0.23 — 612.63395 22493
.0.24 ~ 76174104 92557
0.25 — 904.01348 87695
0.26 —1089.58754 48083
0.27 —1168.59798 10970
0.2 —1291.17806 07620
0.29 —1407.45955 59978
0.30 —1517.57275 77000
0.31 —1621.64648 50640
0.32 —1719.80809 51504
- 0.83 —1812.18349 24165
0.34 —1893.89713 82139
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A Numerical Table of the Laguerre Polynomials
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On the Size Distributions of Crushed Particles

Akira- Odajima

Abstract

This paper-deals with the size distributions of the several particles on the probability
theory.

The present writer has obtained the following two results. Firstly, in case that crushing
process is an independent event, the size distributions are given by the logarithmical normal
form. This shows the distributions t0 be wellknown on gold sol, and so on.

Secondly, he gives the statistical law by the application of crushing mechanism and shows
that it satisfies the size distributions of the crushed particles in the rodmill.
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A Study of Stress in Spoken English -

Mitsugu Masuda

Summary

It is hardly necessary to say that stress, or what is commonly called accent, is one of
the most important things to be studied especially by Japanese scholars of English. Stress.
in spoken English is not always fixed and unchangeable, as is shown in dictionaries. It varies.
according to various circumstances. The present treatise deals with this fact accessible to
the writer in sentences as well as in words, not merely practically®out theoretically likewise.

Order of Discussion

1. Introduction
II. Word-stress
1. Stress in Simple WOords creeerererriomiiiiiiiiiniesiiiiiine

2. Stress in Compound—words .......................................
III. Sentence-stress cecrtcteerserimineiieiieeaasns e
1. Emphatic Stregg -

9. Even Strags «eereoeee

3.- Contrasting Stress -«

4. Rhythmical Stress
IV. Concluding Remarks

L g B

MR (stress) &I\ DD T 7% v b (accent) D 2 LT, BEAFZRAFHNESTIND

FERONEVWEOTH B, WEICEHWTIEZ OFREED Bk 5 EAF stress-accent (R 7 7 %

P EBWOTHARTEC I T D pitch-accent (F &7 7€ > 1), & 213 kita (§) & katd (8),
tébi (R48) & tabf (JE), kéma () & kamd (28), hdna (%) & hand (fE), hdshi (%) & hashi (i)
ELWHT D2 28d 5, .

PEFHIC I\ T EBMT FETRES (word-stress) L ZCHE) (sentence-stress) IC537el Do BB
V2T EHRBEEROWTFNLOFEHIIC & 2 078 b EEI M (syllable-stress =), fLICEH L
TIHRBILAPONWFNDOFHC I I 2 O TS (word-stress) L\ 5 OVEEO L S -
Bbhd, ZTRBOEREFERZTHD L, SWEET ZMERCHT TS, ThbbHE



w

Ww . w B =

(weak), 125 (medium), 1% (strong) 3 X UL HEH (emphatic) TH B, LLOYD ix & BICH
T H R 5 T —BR 5% (full stress), 5 ZHAZH (secondary stress), 43k (half stress),
%%ﬂMMHmw ﬁﬁ#@mﬂmm@&bfV% WEr DI T v, Ho%E2T
ek 215 Op por~tu—m ty P JEFF e fEoCHESEE % ) © X 5 1HsH—H8), 248
EIEB, SR, 48HRE, SBEEHRLVWSIDBRBZOTHLS,
DECHFCONWTHEL B L, TRRFEEHLEDOT-RLTWEAVY, D% DiFOMHR

EKIOTHELT(%,kéiﬁ

mdmamem¢wM@@A@EW%kmf?ws%kaammam&uLzm&mJ

D1d he come to-day? G HB A TT D)

Did he come to-day? C s | MATTX’DJ

I. 3% & %

. BEOBY
BRI DHMBOMBE-ELTEbAEV, DIREORIMLITE 243, Fljhes
mmZMk@mgmMT@&mu:@ﬁﬁ@m%abr@ﬁ%mﬁ%&é%ok<,bﬁﬁ
TREHEF=ZHMRObOBK LM LLOTHLS5, BNELTELBND ZLIXZ FAY
2 L AR 5 —SEC MBS E DN 5 2 L SIHETH DT, chidy 5 v AEROH D H—

FUICROTHSEBENIND 2 LTDD, REZET T vAED dté (¢ ') HEHKD dty

ZCX) Lk D, ZO prison, nature &b ZOPITH %, O FICEFEHCIT 7 & 213 begin,
assent, defence, réceive o BES T, YB.O Eh e NN Ee 2z b BAHAT
7c & 21 promise, preface, company, difference 251 X O THIBIL D, ERHH WHET L hiL
Bl BDETORERBHC X O THROMENEOTL 28055, —HEdI I,

-able THe 5 5 RO - [[J£: T % : adorable, unforgettable, acceptable, commendable 2%,
& 2 B8 -able TS FET b “HRICHMBBE DN BB 20D 5 disputable & dispéitable,
Mmmwk&UM%mm,mmmk&E@%k%oZﬂ%ﬁTﬁ@ﬁ%@ﬁﬁUbb%ﬁ

DX5THD, cOBA, T O D ILOBFAOES L IES & ¢ ACHEE NN B

25 5t ddmirable, cébmparable, ldimentable, préferable, réputable 4%, ZOEHEHHEISED
BT R ESEE b OGA, RIS evenstress) L% 2 LML LIXH S ¢ énti-climax,
disléyal, éx-président, re—arrange, Oltra-fishionable 2, [ EE@%?&F“G%E%%%‘{#}T%@@?
CYFEES B DD, inn, un- AT B - BICHEBEHC B (medium) BEHND
inaccurate, incorrect, inordinate ; unknown, unfortunate, unusual 4, Z DORBEFHC L 5 L)

,BE TS @?&K%t&ﬁé% a<mﬂm%km#%ﬁm%5@@5ﬁmyhthmm
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%, K¥in &L OSWOCE W CROHOBTD b ML THEMICHIEE K\, 20k
TR in- &\ S R BN B A5 S ¢ impious (pious), infamous (famous), infinite
(finite) &%,
2 HAAORY
BOWOWMB L XN 2 - BENEOETD=ZL D THS
. (GO (¢ (* ")
® ¢
(a) @ﬁﬁk%&?%%%ﬁﬁﬁmﬁoéDE%éﬂTm%&%u:@%ﬁ»%?vk
B BTEHPLBEHS - |
Hide Pirk, wéek énd, Gpstiirs, déwnstéirs, séaside, éfternon, _pfng*pc’mg, plim pﬁdding;
, frént-déor, tick-tack, sﬁmmer moérning, cémmon sénse, stéel pén, girden will, évening
stdr, méan cdok, héadWéiter, Waiterlbo, plst Cffice &%,
(b) TEEE (F 7RG + BAROMEFEEFIC I T
gbod lboking, hird bbiled, twénty-five -8
© SWTERWEAT, ZOMAETERWERIEL CBNERE oL §

4ndé, misjidge, héadmdster, thirtéen 28,

@ )
@ BAMOfIkz O M+ OBRE LD, &z OMET 2 WS —#Ic 50T,
PLE—DBATIRTENLTH S : )

ippletrée, 1b1’1ttferf1§, g6ldfish, sindstdne 28, 1 %=%32C blick bird (B B L blackbird _
(DCH) EORIMBTETL B, street LOBEAHFX (" %) LkD : Oxford Stréet,
high stréet. & Z 5% road % /¢t square & OBA 1R Z HICBUCIRTRSTRSS (1)
¥ & % : Oxford Réad, Hénover Squire, pirk line. -

) BATISMHOHEBMORBEIE T8, 272ARRErERbT L&
béokbinder, éarthquike, fléwerpdt, mdsicmister, riinbdw, schtolmister, stéambfat,
wilking-exciirsion 28,

© HEBRFBOEATL LR SFUHLAFOMCBAFTMC VWb L & ¢
a glod-nitured féllovslz (72721 He is gbod-nitured.), hird-bdiled éggs, thirtéen mén,
Bérlin wéol 2%, 1L 7%30C a seven o'clock dinner @ seven o'clock % (’ *) =,

. We dine at seven o'clock. @ Z4LiL (% ) LE B,
@ (=)
@ of IrLWand TOLLAMOEALEWTES
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bill of fire, min of the wirld, éﬁp and- sjucer, knife and férk 28,

(b HHG L YL & OB BT BILS :

Mister Smith, Miss Rébertson, Firmer Héghes 2%,

(¢) gBod mérning @ X 5 H—HOKHEFO LA L LED,

KEBY L0 ¥ 5 B4 gentleman, nobody, somebody, everybody 25¢> i1 < #i—EHiic
BT LD b OBS N, HIFHEICEE L & D b O already, uphold 2T 2 O -self 5 £ O
ever BALEATNZATSE S, BHEHT & £ L REAT LT B Wi
X U%’%‘z?ﬂﬂ%‘ﬂ&ﬂﬁk%@ EHEE L 2MHRANEVWE VD 2 L TH 5 gentleman CH L
T ragman [régman’], Johnson [dzdnsn] VC%}LT grandson [¢réndsan] 4, _

BT & 2 21X outs, over- 2\ ST E DO TH 5. Al & IWA L
LTHWEND L & iE—EEciiEdsd 5 tutbréak, ¢utcist, éutlinder, éutlépk; tutpitient,
6utliy ; 6vercBast, (verflsw, Gvershde, éversight 2, = MUC K LTz i b OEIHEY b OF)H
S EHICIREYED 5 Butbid, Sutgréw, Sutnémber, Sutréin; Sverldy, bverléok, Gverrfile &,
Lz A% over- b OLTE - BAENE L OB 20 over- ©FFEN B < @A 1RO T
YA BB & D ¢ bver-dctive, bver-cinfidence, Gver-biten 4%, ThiliE z O over-

R\~ pE S L % ¢ dverchltivate, dverdréss, dveréducate 2%,

UL x |
- S
BRSO RN EFEC EEARCHS v 2 2T D, ThROBEREEBT
BORE LR ROB I DFHCHB LB L DOTH B, 72k 21 1 got wet. 25 HICEWT
H— MR ORED Db TS ), HIFERE DTS 5, Lo THE
FROFETH D wet KB N D, BB TH 2725, ¥ LT Look how wet
Lam. €3\ "CHE very wet &\a 5 B0 EHL2 B wet @ HWHSIA N B, 2 HLEHEEAYE
BTH2, ACEWTHNAERLTHIT <TEL 2 2 BN CHEEE M, 2 iUcE
LTT@K@%OT%%%»%k@%%%ﬂ&éﬂ%%i5&%&%%%&M&WBC&K
%D |
2 5 % B ¥
AR T ROMEE T O B EO B E Loz LE WS,
@ WAL b LT AR+ AE 0 To08h
He is a gbod mén, I have a géld ring, This is my f4ther’s béok.

EhENic A+ poet laureate.
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(b) HFTE AT RIS W B S O EREHOE TH S :
highréad, péblic-héuse £

© & 2EEEFHLEOF m&a%mh%ﬁﬁ%&%
4ntiradical, érchbishop, misconduct, Gnbelief o
@) —FHULEoRERc LS :

" ¢z : .
gmén, brivd, furtéen, hallé, hirrdh, thirtéen 25,

3 % B B B
MR IR C L v, TEOBHBE R T 20 BHRINCHE (DW) Kk 25
CHBER OTHD |

the téwnmouse and. the cuntrymouse.

He said that cbuntry people were really much lazier than téwn people.'

Quite fnside and 6utside the house.

thirteen, féurteen, fifteQn (fqiﬁjiif)‘@ijﬁ{;\ki How old are you? [c#J LT thirtéen: % %)
L LRHCEERENTw 2 b b b5, BEREr L2z Lb 5% :

T don t mind c6ld béef, but I cannot stand cbld mitton.

4. # & B B
FBHRES L e £ 2.1F 2 gbod {hing TH5Hh a véry gbod thing 2 %215 K,‘ DE
D EoOEEIMRS LT 3 bV BB bOTH D, Liehio TSRS b O
MEFBOMIC 2 E (X)) 2BD, IR ELED, —BledfdL Bérlin T# 2
BEORIEC wool %3¢ % & Bélhn wool &3, BEHEHFHMGFM (breath-group) OFED
CH2%E, FROBENLILEEHOEZN I VIRV 2880 60%, zoHERT
%%M£H%0§@gMﬁl(£WT%&t HTHD '
(a) His age is fourtéen. Foéurtéen mén.
(b) They were Sutside. An butside péssenger.
(©) Some fell by the wiyside. A wiyside {nn.
(d) She is a princéss. The Princfss Alice.
(@) I saw him in the #fternéon. Afternfon cills.
(/) Among the Chinése. A Chinfse léntern.
(g) He is going to Bérlin. Bérlin pipers.
(h) He is very shbrt-sighted. A shért-sighted min.
) Made of india-rGbber. An jndia-riibber ball.
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L HAS OB Y 55 KXH,mb@%@rﬁkMWMHm@@dﬁé%kb
K~m®m%%®&%&w5%®kib%t&ﬁf%&vﬁ,%%%ﬁt(?%F%?%
@%m%~ﬁﬁmkﬁﬂrﬁ%éﬂ%@ﬁ@%%za@%zm%ﬁ@baoik%#mkw
THEESAHET 2R S0,

BLESREA 7 BB O RS LIZ EE R FREF C W TfibhiTwd, & 2 THHAl
botonmfmkmt&#bb%@ﬁé%~ET%K%&}M&MT%iﬁ%mamt%
OB L, R E T Y % LTRSS ol émikﬁﬁt&ﬁ%ﬂﬁ CIHnwTik
ECOHFHCHEWTLRBIBRTH 2, L7chi > T OFOXMITIRABICEWTIZ %
" EZLLS LA E - Y SREOBFC L OTHENHR SN Tw 208K TS 2,
HENRY SWEET %3—BIZ5ORIJ I3 Bmihic & &, EHMC S X, FREIC ZOEHEY Shi
Rabhwntnd m/ﬁk*ﬁ;ﬁ_b‘f, SLEILEE (Written English) X b 5L '\Eﬁﬂ}(@ﬁﬁ‘@&
ﬁmﬁﬁkﬁHOO%%bbfﬁgﬂm£MT,?#@CCKSM%@%%Eﬂ%MKA@
LCTHRRO0 L5 LB 2TiB b OTD 5,

P Em O TRINBROMYE o LR BRBoB R £ T 5,

i1l
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On an Analytic Method of the Synchronous Machines

- Goro Miura

Abstract

The purpose of this paper is to generalize the fundamental equations of synchronous
generators as to the standard rectangular coordinates: The analyses dealt here are on three
cases, and in one of these the excitation circuit is not considered, in another this is considered
without amortisseur, and in another with amortisseur.

‘I. Introduction

This is the theoretical studies on extending and generalizing the
fundamental equations of rotating electrical machinery which have been
derived by R. H. Parx® G. Krox®, and others?, for the purpose of
modifying it for the standard rectangular coordinate systems and in .
particular analizing the synchronous alternators. For the analytic method,
the author adopted the tensor analysis, basing on the Br.onper’s two-reaction
theory on salient-pole synchronous machines. The tensorial analysis does
represent all the physical concepts in problem only by one tensor equation,
so that the manifestation is greatly simplified. Lastly, the three-phase
turbo-generator was analized as an application of this theorem.

II. Fundamental Equation of Salient-pole Alternator
for Standard Rectangular Coordinates

According to the two-reaction.- ] -
theory, current, voltage and flux dlf‘ ect axis
in each armature phase can be
resolved to direet and quadrature
components. Now, let the number Ph c
of the armature phases be three ase
and denote

N Phase&

F‘@volwbmn

0 = ot + ¢ I - duad.axs
6, =6 ‘ | |
6, = 6 + 120° . . Phase b

6. = 8 — '1200 ‘ _ Fig. 1, /Three-phase Synchronous Machine.
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We have , ,
[6] = [CTLHT  rveemmrmmrmmrmme s (1)
[e] = [CTLe]  ooiveemvmeeaivnnens e, PP (2)
[¢] =[CI[gT - s e (3)

’where [7], [e] and [4] concern real axis a, b and ¢, and [7/], [¢/] and [¢']
concern direct axis d, quadrature axis ¢ and zero-sequence axis 0. And

d q 0
a | cos Oy sin01’ 1 v
[C]= b| costa | sinbs S RS SR S s (4)
C| cos 03 ‘ sin 603 ‘ 1 . L
From Eq. (1), (2) and (3) \ ’
[97] = [CTP[4]  crovrveemereieeeeens e e, (5)
[e] = [CT' [e] oeeeemeeess SURTRERUR SOOI e (6)
D] = [CTT[@]  crvrovrmemrsmsmme e (7)
and :
‘ o b ¢
d €08 03 1 cos Bz | cos O3
[C] L 2 ——g| singi | sinBs | Sin By | crrerereerreienii (8)

0 1/2 1/2 \ 1/2

|

While, frorﬁ the MaxweLL’s equation, for generator actioh ‘
| — €= T+ D e '
— @ =7Th + D¢
—e =T + P
— @y =T, + p¢0'
with-

. d —
pp=p(L-0) = (L-if
Therefore, we obtain the following fundamental equations.
—e; = D¢+ ¢, 00 +1iy,

— € = P¢y + i

1) Parx; T.ALEE, Vol 48, 1929.
2) Kron; G. E. Rev., Apr. 1935 & Feb. 1936.
3) Domerry & Nickre; T.ALEE. Vol 45, 1926.
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On steady synchronous speed ruhning,

d : .
pf = o 0=w=1 (by the per-unit method)

Then Eq. (10) becomes in this case

—€ =Py + P, + Tig . »

_e(l :p¢q _¢d +7‘iq \ ........... S (]_1)

— € =D + T
where 7 is the resistance of armature circuit per phase. Therefore, the
fundamental equations of synchronous generators for the standard systems
are obtained. In the case of motor action, the direction of armature
current reverses, so the negative sign of e, ¢, and ¢, in Eq. (10) and (11)
is dropped off. ‘

III. Fundamental Equation of Salient-pole
Alternator Without Amortisseur

In the preceding section the writer studied the case where an
excitation circuit is not considered. Let us
now consider the effect of this circuit. Since
generally Eq. (11) can be put into as ‘

— [€] = [Z][4] oevemererreereeins (12)

we will find the impedance tensor [Z].
Inverstigating on Fig. 2, the speed emf

and the transformer emf induced by flux

cutting and interlinking laws, we have the

following tensor [ Z], taking the per-unit

" gystem®, Fig. 2, Generalized machine
without amortisseur.

S d q

v Rfﬂfp] ar p

|
[Z) = d| wwp l r+a p ' %, pl
|

In order to take off the excitation circuit term S from Eq. (13) with
considering still the effect of this existence, we use the so-called short—
circuit matrix [S].

4) TALEE. 1937. -
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S d q
! L __%afp
f Y| TR 0
[S1=a R
q 0 . I 0 | 1
From the fact that [Z'] =[Z][S]
' S d . q
fl Ri+ayp J 0 0 ,
[Z/] =d -’i'ajp T+de(p)p @y PO | e . .............. (14)
q| —xarpl —xa(p)pd r+a;p
where, ,
o Bl e, 15) °
x, (p) = @, R + 27 | | (15)
Ty (c0) = pxs = 7
Cp= 2% %t eakage coefficient.
xf.%‘d !

!a
x;/ corresponds to the so-called ““direct transient reactance”.
Now if the fundamental equation (10) is applied on the above relations,
we obtain
— € =DPds+ G, 00 + iy )
— e, = P g, — $abl + 1y
$a=F (0) E; + 4 (0) 4,
Py = &,
Loy

r Ip) = — R, +ax,p )
in which E, is applied d—c voltage of the
excitation cireuit. '

And since the machine has not amor-
‘tisseur windings, the relations between
the transient reactances and the sub-
transient reactances are:

xd, —_— xdll . }

- — !/ — 4
v, ==/ =2,

IV. Fundamental Equation of
Salient-pole Alternator

Fig. 3, Generalized machine
. With Amortisseur with amortisseur.
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In the fundamental Eq. (12), the impedance tensor [Z] of this case
becomes as follows:

f dd d q © dg

o
S| Ritayp | wayp [ as P ’ o | o
dd Xaaf p Tdd“l"v(ldp‘ wdadad p | 0 0

[Z] = d Xaf P Xdda P ] 7'+fcdp

x, po ’ g PO | e (18)7

i
q| —%af Pl | —aaa pl| —xa pb 1 'r-l-w,pl Ldeq P

dy 0 ’ 0 l 0 Ry P ‘ rdqtwa; P

Since in general the amortisseur terms are not necessary, they should
be taken off from Eq. (18) as before by using the short-circuit matrix [S]
and the lower-class unit-matrix [/].

S d q
f 1 \ 0 0
| _wwp | __mewp
dd rdd+xad p rdd+ xdd P 0
[S1= d 0 1 | 0
g 0 0 [ 1
- TP -
d] 0 0 1 mﬂrlxd;p
f. dd d. q dq
fl 1 \ 0 ’ 0 ‘ 0 I 0
IJ=d o o | 1 | o | o
]
gl 0 | o0 \ 0 \ 1 l 0 {
From [2'] =[1]1[Z][S]
f d
fl Ry + a(p)p ‘ wer(p)p 0
(2= d Zaf(P) p ‘ 7+ xd (p)p By (PYPO. | ereeeeeeeee (19)
ay - Tas (p) PO { — wa’ (p) po r+x,(p)p
where
- x?—ldfp Iy Tgaa P
2 0) =@, — — g, =, — —— s .
A0) ! Taa + Taa D S (0) ¢ Yo + TaaP | 20)
oy TP N e BagTawD
x(I(C) B x'] rd«] + xdq D ’ x“](?:) xa] 7,‘d(‘l + Yaa p )

x) (p), x,(p), x,(p) and w,(p) are short-circuited impedances due to the
"~ existence of amortisseur windings. = If this windings are lacked, these
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become respectively w, z, x, and x,, since @, = %45, = 0 in this case, and
"Eq. (19) just coincides with Eq. (13).

Let next the excitation current to be taken off too, namely by using
matrix [$']

S - d _q
nE . _ _sy@)p__
f 1 |\ ERrtadp)p
{S,] = d 0 1 0 i
q 0 ' 0 1 ,
From [2"] = [Z][S7] , -
; 7 d
S| Rr+a(p)p 0 0
[Z//] - d éqﬂp)p -+ walp)p l w’(m po | e (21)
q| —su)pr | —wpipr | rra)p
where '
. %z (D) D
x.(p) = / p) — e ef\YJ
SR R OF
— pz(wfwfmd—zxddd ZLgarPayt xddxif) +p(fofldd+Tddxif) (22)
- d 9
P Xy Tr— x?idf) +p ()" s+ fodd) + T4 Rf
and then
Zg(c0) = @y — x‘dvx?ld(l — 2% g00 Taay Lap + Tag Tay _ 'xd/,
¢ ‘ Ly Baa — Taar
g
z,(c0) =2, ———xj”— = x,”

x;/ and x,)’ correspond to the so-called “direct and quadrature sub-transient
reactance respectively.

Then if the fundamental equatlon (10) is applied on the above relations,
we obtain

—e,=pg,+ ¢,00 + i, )
— € = p¢a_¢dp0+ 7'7:«

b= G E, + 1.(0) i, 3

B, = %, (}9) iq ) .
G@) = — Tar (D) _ B (Faa + TaaP) — Taas & xd(ld V4
Rf+ x/(p) p (Rf + wf p) (rll(l -+ Laa p) (Mf p ,J

The transient reactances x,” and z,/ of the machine can be found from
x,” and z,” when it is put x,, = %4, = 0, then
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V. An Analysis of Three-phase Non-salient-pole

Alternator

51

In the preceding sections several fundamental equations which are

applicable to several cases are derived.
Next, as an application of this theorem,
the three-phase turbo-generator will be
analized and its fundamental equation
shall be induced. :

The generalized circuit of Fig. 1 can
be expressed as Fig. 4. Now let the
nomenclature of machine constants be
represented as shown in Fig. 4.

Current [¢], namely 4, % and 7, is
transformed into d and ¢ axis by the
transformation tensor [C].

[i]=[CI[7]

Fig. 4, Generalized 3-phase
Cylindrical-rotor machine.

in which
S ¢ b c
I 1 0 0 0
de ' 0 S0 T €os s
db 0 0 cos 02 0
4 |
[c ]\,: da|” 0 cos 0 0
qa 0 sin 01 0 0
qb 0 0 sin 62 0
ge 0 0 0 éin bg

The impedance matrix of primitive circuit is
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f de db da qa qb” qc
b rk Ip | Mp } "Mp ‘ Mp l 0 & 0 0
de| Mp ! R+ Lp 1 mp mp mpd mpd | mpd
db| Mp mp ; R+Lp, mp mpd mpd mph,
[Z]= da Mp | mp ‘ mp i R+ Lp t mpl mpl mpb
qQa| —Mpo | —mpb ’ —~1mpl } —mpd | R+ Lp mp ’ mp
gb| —Mpa { ~mpl i —mpl } —mpl mp R+ Lp ‘ mp
gc\| —Mpo 1 —mpd i —mph i —mpl } mp mp ‘ R+-Lp

Using the transformation tensor [C] and its transposed matrix [C], the
above impedance [Z] concerning d, ¢ axis is transformed into [Z] concer-

ning @, b, ¢ axis components.

7] = [CLIAC]

a b c
f v+ Ip Mp cos 01 Mp cos 02 Mp cos 05
@, Mp cos by R+ Lp —%p' _1;2?
Mb Mpcqsog. —32213 R+ Lp —%p
¢| Mpcos0s —%p —i"é’-p R+ Lp

Again, [Z'] is transformed into the symmetrical phase aX1s components by

the symmetrical method using [C’].

[} =

c

in which a = ¢"", and suffix 0, 1 and 2 represent zero-phase, positive-phase
and negative-phase sequence respectlvely From the fact [2”] = [C"]" [Z]

¢}

a
(2] =
b

f
ol
b

f a b c
1 ] 0 | 0 | 0
0 1 [ 1 1
0 1 l a? a
0 ‘ 1 - I @ | v a’

i a b ¢
r+Ip 0 '2_ Mpe—it L —z— Mpeit
0 R+ Lop 0 J 0

% Mpe? 0 R+ Lyp l 0
L Mpe-so 0 o ‘ R+ Lp
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in which Lo L—m, and L, L+—2—

o Accordmgly, the fundamental equation is represented by —[¢’]= [Z”]
[1,”], where every concept is expressed in sequence phase quantltles

- ; VI Concluswn

-

In thlS paper the author has generally discussed the old problems

concerning the fundamental equatlons of salient‘pole machines, and gene-
" ralized them for the standard rectangular coordinates. Of course, all sorts .
" of transient phenomena, such as sudden short- circuited current or transient
stabilities, can be solved and detailed from those fundamental equations..
Durmg the analysis of steady phenomena, we will only put p=] and .
“p6 = 1, the solution bemg qulte easy. S '

(Received October 27, 1950)
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On the Thermal Breakdown Theory of Solid Dielectrics

Shoichi Kitamura

Abstract

In this paper the thermal breakdown theories of solid dielectrics by Wagner, Becker,
Rogowsri, Vock and Ozawa are discussed from the points of view of the high frequency
breakdown phenomena and of the radio-heating theory.

The following are the results: (1) When the phenomenon is umform heatmg as Fock’s /
theory, we call this Ist. sort of heating, and when this is weak point heating as Wagner’s i
theory, we call this 2nd. sort of heating. (2) The breakdown of solid dielectrics, in the high
frequency field, starts with the 1st. sort of h@ating and comes to an end in the 2nd. sort of
heating. (3) From a practical point of view, however, Ozawa’s theory has a good application
to the caleulation of the breakdown voltage in the absence of corona in the high frequency
field.
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On the Dynamic Magnetostriction-Character
of the Permendur

Jiro Futatsugi

Abstract:

In this paper the method of the measurement of the dynamic magnetostriction-character
of a new magnetostrictive material, the permendur, is reported. According to the result of
the measurement,.it i3 considered that the permendur has a considerably good character as
compared with the nickel or the alfero alloy.

il

1 fE

BB E LTRE D, =Y rA, a0  VERB 2, 2ibn5 bt O
POBEREHM = r v s BT L7 =84 (ALFe 44) IRBIREF L LCRian, 2
OB ARBEEIT X b bIKF T b B TEEZ ORI E R W ES RO FE N
DT, KMEIIT LB IEREOMRE, ThbBEREOR 5 US4 ¥, BENRES
MAIIBTER & LT BT\ B0, TR A P B EEEER L LT Sh T s,
M= 7 A ORTEHEO TG T TIRIME 3N T VY, Sefick v Cidsl, 7r—a,
T =Y AR ORKEIESEE 2T WwaD, 198 4E0 TASAY g‘%ﬁa;%,gﬁ '
BHE I\ B AT 5 3 L W T 5 5 permendur % BHEF & Lo e B REN T-45 K s i T
BERERE LT LR S TR D, WEERL L TOWES 2 EIINTs 5
2 EBENBN T BN, EOMEIHEE RYITH O CHAOBEN B =Y r A I kO
T T = O BB AT TS Ok, HEHRHEEMROME oM & ic SR 4
e permendur OEHRERE AT L T2 ORFREIHEL IE LT, 20 WS Ry i
THIRETH D,

1) zZEH: sEEACElY P, WMAEE, 174

2) R CRE G B, 2w, 7A=Y ARAY ORTERERE I o T, TR, 69-20 (1 24)

3) L. Camr: Magnetostrictive Radial Vibrator used in under water sound signaling. J.A.S-A. My.
1948.




64 = A iR :iid

? 2 @ #
(@) HEE  BILSBTHEE BT, BAS %T%ﬁ
b) S SAF—asn b 0%, T-ba B 489, SO 2%,
C© Tk ‘wmmifm%ﬁﬁy¢%%%8m<ﬂWC,%%Eﬁﬁ+@@
0.34 mm % Tict B, -

@ W ME: 45mm, PHE: S3mm, JEE ¢ 0.32~0.36 mm, B

(6 T E 123

0 HEE 1.98 gr.

.8 % B B
| —RUCBHE B L L CERNS & RN & e HEC T 2 5o o0
BETRATIRELLT : /
\‘ T AT .
"= Rq - . (1)
VBB, kﬁde@%%%ye~ﬁyx@E@%%%L,%wh@ﬁ%ﬁfé%o
B 2 SR R 3 1 2 BRI o 13
_1,_'___ ) R(l, + Izm[)l COSQ ‘IC . 7

%o | Zomo] !

:(—;}7+ cos?JZ;k) X :O—

LY m ik WTRET 2, JLHRIC [Zmo] BEA &~ 5 v ABOER, LK ﬁ:ifﬁé"émmﬁé
ORI, o EFR A BHEHE X R RT. (1) Ko iR Ay 4y BT T
CBBWTKE

A.l = 14'2 = 278 . —45;1—‘
THLMLY, () iE (D TRbaND,
W——-— (21 4”N) i [ = L (ﬂsi”d\i) ire .
24| sin £ &

7 U S AL SRS, T s, LR N R, &
I IR AP i koCEbEINS,

4). RAREERARA GO
5) Mgk 1) 28




P Ry P A DRI D (T 65

4. PRELXCREER

VHOERE & D 2 e 1O X 5 1c 2 RORBOMA~<~ 7 514 Hoiic AN
BEWL, cheRFCBWCENPHMCHERILIT2% X5 Lk, ABERDED
RHEN SN DO L) Ce DL HHEOMACAINEV LIS CEL TP 2 L BLETH D, 1§
Bz BRREERC L pEE SN2 S EYRMICEMLE T 55, OWIcHERE T2 BE)s
55,

2 2 e e e & D BN (L&-ﬁf{l’@r‘kﬁm L,“C/\7 YR ERD, &Rk
T 2HROANL v e —F 2B VT 25 R E E&jﬁi&%‘mm%ﬁﬁz LTk®, FoFEREX
KA X DR, B LLJ“ PR

1% A 8 B
e g
? 9 Y
L
1B
R = *R"*’* NVAdfem - Zyy X 10° dynefem? » Oer.
242 - SN ,
e ey —_ _R_._EL o
K = Sﬂ'SN (L«I Ly + io ) X 10° e.m.u.

z Tl RIEFRIOFPEE (em), SEHETEH (o), wiXER (gr), 4 TRERIENE
(4 270), RoFZe 2R L BB HEIL 7222 2 OBFIHT ORI D B IS v F 28 v,

6) ,ﬂiL BIE OWEIC 2T, HROK, WPH 16 4 5 J3 Al



N [ [#%Y
B R & o 5
I R —

Reactance " juwl ()
IS
{

[ R U U NN N
0 2 4 &7 8 0 12 4 b 18 20

Effective Resistance RI(Q)
Fig.- 3 (a) Impedance Characteristics Permendur

o

¥

.8

I /H

1
" /1/ ‘
11“/ | 5

v i o

@
b1

"o
o0 |

N~
o~

k%

\
\

Free Impédance‘ 1Z41 ($1)

.l

o2 2 I 28 ¥, 32 34 36 35 40 42 49 46 (7 B B2
Freg'uency f (KC)

Fig. 3 () Impedance Characteristics of Permendur




RN 2y V- A ORFHERRICONT 67

(H), Ry XLy ZRFRAD »» 4 FABBOREOLEOENE X E1 v 520 v X,
sk o 1B EReE, HoME X 0H 1ROBY TH Y, HHRERICE) 25
FERBUT 0.28x 105 BEIGHEE IR 0.3x10" offiz kL, WTEHEYBRBWLOTH S, & 3E(b)

SR (@) EETHRT 170 LROEDOTD D,

g 1 =
R ok H.. (Qersted) 2.54
At ver—xu= Zimg (2) 17
=7y 2 A 4 (ke) 0.84
w4tk B § 27.2
woE A& x0T emn, ‘ 0.105
BEE R B AT 0.286 x 108
BEEEEE kI . 1 0.3 X.101°

8L Hes & &7 @%}:ﬁﬁkfﬁ"}‘é LDTH D,

%
5. =]

ﬂllg

Permendur OZSFRHAIFEE D72 b BIERMERLTWS, LHLESBEERED
Nickli= v 7 A0 Z U HET L, ANEHEESO 1 OfTo 2, 2 RO B
R WA EH L e OMTS 2 b, BT O 7 AR b e R I e
b ORBBEND EBbILS,

(WAF1 25 42 10 /1 31 Ba4P) :






On the Direct Synthesis of Phenylchlorosilanes With

Several Catalysts and Fractional Distillation Analysis

Hajime Ximura

Introduction

On the synthesis of organchalosilanes which are the intermediates of
gilicone polymer various methods of synthesis have been devised, they may
be classified by as either methods, substitution method (i.e. the method of
KirriNg-Byepen®, Wurtz-Frrre®, and Grienarp®) or direet method (i.e. the
method of E. G. Rocrow®, and Tavror, Warpex®). The direct method,

- however, has suddenly risen in importance in the modern silicon industry,
since this method have been adopted by the Dow-Corning Co-operation.

" In the direct method, the mixture of crystalline or elementary silicon
and suitable catalyst is caused to react directly with a hydro-carbon halide
to produce of organosilicon halides. This is a general reaction for both
alkyl and aryl hydrocarbon halides in either the liquid or the vapor phase.

However, it is most convenient to use hydrocarbon chlorides as stating
material and to carry ouf the reaction in the gas phase at a temperature
of 200—450°C, depending upon the reactivity of the particular chloride.

It is apparent that at the higher temperatures which may be required

for reaction of the more inert chlorides the organic compounds may suffer
considerable pyrolysis, with consequent deposition of carbon in the reactive
zone. Such decomposition can be avoided in large part by the use of a
metallic or a metal oxide catalyst which will reduce the temperature
required for effective reaction. Powdered copper is one of such catalysts
"and has been used satisfactorily in a reaction of methylchloride with
elementary silicon to prepare methylchlorosilanes. The use of the former
copper eatalyst enables one to reduce the reaction temperature by about
200—250°C, and to obtain satisfactory conversion of the methyl chlorlde
without large loss by pyrolyms

1)_ Byepex: Ber. 44, 2640 (1910).
Kirping & Lioven: J.C.S. 79, 449 (1901).
2) Scuome, Ackrrmany and Sawvrer @ J.ACS. 60, 2436 (1938).
3) Scuume and Sarrer: J.ACS. 61, 363 (1939).
4) E. G.-Rocuow and Gmuan: JACS. 68, 798 (1941).
» Graiam . JACS. 63, 1194 (1941).
5) A. G. Tavror and Warpen: JLACS. 66, 842 (1944).
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In this case, the yield of methylchlorosilanes was nearly 100 per cent.
On the other hand, it is reported that, in the reaction of chlorobenzene
with silicon to form phenylchlorosilanes, finely divided silver is' more
effective than copper as a catalyst, although the reduction femperature is
- 250°C, and the yield is about 1094. :

By the use of reduction with hydrogen gas at 200°C, Dr. T. Yamapa®
has recently obtained excellent results to prepare alkylchlorosﬂanes, showing
about 12025 yield by weight,

The author carried out a synthetic experiment of phenylchlorosilanes
by the reaction of chlorobenzen with metallic silicon in the presence of
copper and silver catalysts reduced on Yamapa’s principle.

The author will make a report in this paper with regard to a prepa-
ration of catalysts, a fractional distillation analysis of the products, and an
influence of the catalysts on the products or yield.

Experimental
a) -SyNTHETIC APPARATUS AND GENERAT. PROCEDURE

The apparatus is shown in
Fig. 1. :

The reactant consists of me-
tallic silicon powder catalyst, and
silica as a carrier in which the
latter is 10 per cent of metallic
silicon -respectively. It packed
~ into a pyrex reaction tube H
- about 80-40 grams, passing hydro-
gen gas. through the packing at
200°C (in copper catalyst) or 250°C
(in silver catalyst), this tube being
heated with electric furnace, then the packing was dried expelling water,
and reducing still more, ‘che dehydration was stopped within about 20
hours. :

The higher reduction temperature does not show a good aetivity for
the pyrolysis.

After reduction, stopping the flow of hydrogen, raising -the reductlon
temperature, and dropping mercury from burette E, then the reaction:
was carried on by forcing chlorobenzene in T to the packing.

- Some of this product condensed in the adaptor J through the water-

Fig. 1. Apparatus of Synthesis.

6) WIF - Fok - &6 ERABIEER, 134, 938, 31K,
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cooled condenser I and another the component of low hoiling point was
exhausted through ice-cooled trap K and phosphor pentaoxyde drying
tube L. '

The above treatment was done with precautlons noticing the bad effect
of moisture upon this reaction.

The reaction was continuous but the following velocity was unable to
be constant which is in 5—10g/hr. It required about 24 hours and the
product could be distilled. ‘

Furthermore, at the begining of reaction, there was seen a good deal
of reddish-violet material which seems the product, and in the end, there
was much transparent one which seemed the reactant.

For the inspection of this product, the usual flask was used for the
high difference of boiling point of these components, (except for the case
of molecular silver catalyst), but it could not be distilled for the scanty"
of 'the product, so silicon in each fraction was weighed by the Direct Acid
Digestion Method®. '

For these experiments, commercial benzene was used and metallic
silicon (Si 93.6%, Fe 1.8295, Ca 14195, Al 25095, Mn 0.8795, Mg 0.38%),
was from the SHINETSU KAGAKU Co., and powdered to 200 mesh and
‘more.

Direct Acid Digestion Method ) :

High-boiling or resinous samples which will yield 70 to 100 m.g. of .
silicon dioxide are weighed directly in tarred platimum or Vycor crucibles,
or 20 to 30 drops of the high-boiling previously noted are dropped from a
weighing pipet into a tarred crucible containing 8 to 4 m.l. of 1095 am-
- monium hydroxide. The water is evaporated, preferably by infrared lamp,
and then the digestion is carried out. In either case, 4 or 5 drops of
chlorobenzene, which reduces frothing on some samples, are added and the
contents are agitated or warmed to the solution of the samples. Two m.l.
of 1594 fuming sulfuric acid are added to the solution at room temperature.
Many samples may be speeded up by addition of 0.5 m.l. of fuming nitrie
acid immediately following addition of the sulfuric acid. Digestion is
accomplished by holding over a low flame or by several hours heating on
a micro-Kjeldahl rack. When the mass has solidified and danger of frothing
is past, the crucible is heated over a Méker burner to complate expulsion
of sulfur trioxide fumes. The residue, usually black, is placed in a muflle
for 1 hour at 800°C. Residual silicon dioxide is calculated back to silicon
in the original sample.

7) J. A. McHanrp, P. C. Servars, Crark : “Determination of Silicon in Organosilicon Compound”.
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(b) APPARA’[‘US FOR PRECISE FrACTIONAL DISTILLATION
Axarysis AND GENERAT. PROCEDURE

The apparatus for precise fractional distillation analysis wwas the
Podbielniak Packed Tower which is a partial condensation type is- shown

. in -Fig. 2.-
ot A pyrex column C was'4.2 mm (inside diameter)
x 1200 mm (hieght). On account of perfect and

exact control of column thermal conditions and
product-withdrawal of this air-jacketed column.
It was insulated the heater by asbestos 20 mm in
inside diameter. It was surrounded by the nich-
rom -heating wire on the outside of fractlonatmg
column. : ’
Many glass eylinders (1.5mm in diameter, and
3mm long) were used in packing and their arrange-
%%Eéﬁ ment was at random.
3 The twice turn wires of nickel were adopted'
;r for the higher efficiency.
, K " Then the space ratio was 66 24, and reflux ratio
Fig. 2. Apparatus of Frac- was 50 4 5.

tional Distillation. . Ascending vapor was dephlegmated at H and

with components of high boiling point were carried out of vaccum distil-
“lation. (K; M in this figure is the vaccum adoptor and the vaccum pump
respectlvely) .

The theoretical plate number of this column measured 22.5 plates by
means of C;H,—CCIl; system and hold up was 24 c.c.. v

For the research of distillate-temperature relation, the values were
read every one minute and the molecular welght of each fraction was
measured by the cryoscopie method.

In the rectificational analysis, the followmg notice must be generally
taken, but the author considered only of (b) and (¢), and neglected the
others for the constant conditions.

‘ a) Constitution of sample and a specific chracter for dIStIHaL‘IOH

b) Total time for distillation

¢) Distillation ratio, reflux ratio, dlstlllatory pressure and all condi-

tions except for (b) ‘

d) Tenfold for the maximum column volume of over- flow distillate in

fractionating section area

e) Effect of packing

f) Adiabatic efficiency of column

2) General design and construction of fr actional dlstﬂ]atory apparatus
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(¢) Resuras

Owing to the difference of catalyst preparation could be classified as
follows : '
(1) Reduced Copper catalyst

The preparation of the reactant used in this experiment was as follows,
sodium silicate was prepared from the warm solution of silica gel as carrier
and sodium hydroxyde diluted in 594 solution, added 595 cuppric chloride
solution slowly on heating and stirring. In the end, the blue colloid of
cuppric hydroxyde was precipitated. This precitate was washed by decan-
_tation until it showed no-color by phenolphthalein indicator and had very
slight redction of ClI™ in silver nitrate solution. - After the powdered
elementary silicon was mixed with its precipitate, filtrated in aspirator,
dehydrated with pressing, moulded and dried at about 60°C, and formed
as tablets. '

TasrLe 1
(Weight vy . e i (o
Tem- ~ I‘ilgw . ‘Welght( Fractional Distillation (%) Con- | Reac-
pera- | Time CsH:Cl el%- Yield | Yield | ‘ No version] tion
ture ’ was ‘;it sample LB. | reac- | ILB Resi- | ratio | ratio
flowed y J “tion =1 due
°C_| hr g lghel (@ | %2 | g [ _ (76) | %
350 | 245 1122 4 4 392 | 50 ’ - Y -
400 21.4 704 | 8 69.2 . 98.0 50 ‘ 11.0 80 2.9 30 | 1.22 1.73
500 27.0  214.5 7.4 ‘ 185.2 . 86.5 30 | 230 - 143 5.7 20 1.24 0.67

(2) Silver chloride catalyst

In the process of this synthesis, silver chloride seemed to form as an
intermediate, therefore, the author adopted it. .

A colloidal silver silicate solution, which was formed from 5% solution
of silver nitrate and sodium silicate, was most difficult to filtrate, there-
fore, so silver chloride was precipitated complately by the addition of a
little hydrochioric acid.

And the subsquent treatment was the same as (1)

Tanvre 2
| Welt yeignd) Flo- Yield | Fractional Distillation (%) Conve Reac-
‘ . ht elg wing ie ractional Distillation (%) Conve-| Reac
Temp.| Time si - velo | s = [ ——} rsion | tion
) Co Hd Cl ' & . No re- Resi- | ratio | ratio
ple city 2 % | LB otion BB | due
°C | br | g g | g/hr i | % %

400 | 144 40 | 1169 6.6 | 1.21 | 20 |T02.8| 7.0 [ 107.3| 1.0 | 2.0 | 044 | 0.37
500 | 2151 50 | 2161 | 6.6 | 1.18 | 218 | 100.5| 33.9 | 152.7| 265 | 27 | 583 | 2.68
500 9 40 | 1795 204 | 128 193 10781 82 | 1482 70 | — 0.6 0.31
600 . 18 30 | 18371 9.3 | 115 199 11082, 1.5 [ 148.0] 7.2 | 2.0 | 072 | 0.36
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(3) Reduced silver catalyst

By reason of a great effect of the "reduction of reactant on the
catalytic activities, the reduced copper catalyst was prepared with the
same principle of copper catalyst:. i.e. dilute sodium hydroxyde solution of °
silica gel was added to dilute silver nitrate solution on heating, so silver
oxide was precipitated, then it was washed until it showed slightly alkahne.
The subsquent treatment was the same as (1)

Tasre 3
Weight Flo- Yield - Fractional Distillation (%) |Conve-| Reac- [Weight
Temp.| Time | of vvgllgé- ; : “No —{ rsion | tion of
. CsHs‘Cl ty .| g % LB | reac-  HB %esx— ratio | ratio [sample
. °C hr g | g/hr. tion ve | o % g
400 7.5 86.8 | 116 84.2 | 98.0 1.0 82.0 - 0.1 - - 40
450 4 132.3 6.4 | 1284 | 964 11.6 | 111.0 - 2.2 — —_ V4
500 4 » 184.9 7.6 | 166.0 | 90.6 26.9 | 1160 | 14.9 1.8 2.74 1.65 K4
550 7 - | 255.8 | 10.9 | 239.56 | 93.5 55.0 | 149.0 | 29.0 5.5 3.56 1.49 V4

(4) ‘Molecular Silver catalyst.
The preparation of the reactant used in this experiment was as follows.
Silver chloride that was obtained from silver nitrate was washed fill
the NO, wag disappeared and then it was reduced with the nascent hydrogen
which was produced by the reaction of much dilute sulfurie acnd and zinc
powder.
Thus, the so-called molecular silver was obtained.
In this operation, to avoid of oxygen, the hydrogen gas was bubbled
‘and washed with hot distilled water till SO, was disappeared.
‘ Then this catalyst was mixed with the elementary silicon that was
preserved in hydrogen gas, and then dried in vaccum and used for sample
in powder about 100g..

Tavie 4
W?)]{-ght _ |Weight, £i11(1)- Yield Fractional Distillation (%) Reac-
Temp.| % |Time| of velog: No | .| bon
Iyst CsHsCl ity | & | 2 °| LB 'reac- 205°C 220°Cl305°C 870°C Resi-| ratio
°C z hr g | glhr I tion | [ | que | o
350 1 24 30 2.5 138.7 | 56.7 1.82 36.4 4.26 7 2.16 | 0.3 — | 242 9.0 !
400 V4 V4 50 4.1 30.4 55.3 | 163 | 171 | 218 | 2.18 | 1.09 | — 120 9.5
500 Vs V4 Vi V4 28.1 | 51.8 | 20.0 | 18.1 | 546 [ 1.09 | 1.46 | — 1.82 | 17.0
350 10 V4 V. v 34:6 | 62.9 1134 | 26.2 | 873 | 146 | 1.82 | — 1.63 | 19.3
400 4 V4 y 4 32.8 1 59.7 | 104 | 248 | 6.19 | 3.64 | 4.73 | — 146 | 20.7
450 ” V4 V4 4 3751682 |27.3 110932751 |74b073]1.09| 193
500 ” Vi ” V4 37.0 | 67.3 | 21.1 | 13.8 | 4.78 | .27 | 583 | — 3.1 20.2
i} 600 v V4 4 344|718 | 21.8 | 10.2 1 4.37 |10.9 [ 493 | — |23 | 165
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(d) Driscussion

1) On the kinds of catalyst :

In the above four catalysts, the reduced silver (1095 by weight) catalyst
and molocular silver (1095 by weight) catalyst are considered to be favou-
rable, namely differing from other catalysts the reaction is contineous
and the product per unit reactant is much, but as a defect it has high
carbonization.

Silver chloride catalyst has low earboﬁization, but cannot react conti-
neously ; on the other hand, the product at initial is more than at final.
With the molecular silver catalyst it is obtained that the yield depends
upon the preparing process (on account of O.).

2) The most available temperature

The following results are obtained in this experiment. e

In the case of silver chloride catalyst, the reaction begins at 400°C
and is in the best condition at 500°C. ,

Reduced silver catalyst has the highest efficiency at 500°C

Molecular silver catalyst begins at 350°C, but the yield is constant at
500°C. In 600°C the reaction rate becomes to decrease rapidly for the
carbonization.

3) On the products

With reduced copper catalyst it is considered that the reaction is the
synthesis of phenylchlorosilanes rather than the decomposmon of chloro-
benzene, because the components of low specifie gravity, low boiling point
are mainly producted.

But, with silver chloride catalyst, of the first time of reaction there
are produced a good deal of such components of hlgh boling point which
have high specific gravity and high silicon content. ’

On the other hand, at the last time of reaction, there is much dlphenyl

With reduced silver catalyst, it is shown by the above meassurement
that the resultant is formed on an average.

» On the case of molecular silver catalyst which is shown the highest
efficiency, it is explained as follows: with 195 of the catalyst, the reaction
rate is increased with temperature, because the decomposition and polymeri-
zation is accelarated with temperature, then the components of low boiling
point and diphenyl is increased. ’

In this case, the main product R,SiCl, is about constant at higher
_ temperature then 350°C (see Fig. 3).

With 1095 of the catalyst, the higher the temperature, the more the
components of high boiling point until at 500°C, and at the same time, the
less the RSiCl;,, the more the diphenyl. In this content the R,SiCl, has
the maximum efficiency (8%) at 450°C.
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In the end, this molecular silver
is one of the best catalysts for the
preparation of phenylchlorosilanes,
because of the total efficiency being
reached to 20%;. (see Fig. 8)

4) On the flowing velocity.

The greater the velocity, the
less the reaction rate and the more
the carbonization may be carried
out. The satisfactory value seemed
to be 5—12 g/hr.

B 5) On the rectifying distillation.

Using the above mentioned ap-

paratus by which temperature-control is very difficult, and that with such
‘a reflux ratio, the good plate curve is scarcely obtainable in normal
distillation, but it is made in the carefull vacuum distillation which is
shown in Fig. 4, Fig. 5, Fig. 6, and Fig. 7.
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However, the eolumn with higher efficiency is necessary for the

components of low boiling"point.
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Summary

The author carried out the synthetic experiments for direct synthesis
of phenylchlorosilanes, -and concluded the most available conditions in
these reactions (such as kinds of catalyst, reaction temperature, and ete.)
by using reduced copper, silver chloride, reduced silver, and molecular
silver catalyst.

These experiments lead to the concluswn that the yield of direct
synthesis is worse than the substitution method (such as Griexarp-method)
for phenylchlorosilanes. And yet, by applying rectificational analysis, the
author obtained successful results. _ ‘

The author wishes to express his hearty thanks to Dr. T. Yamapa,
E. Yasunaea and his co-workers (Electrotechnical Laboratory) for their
kind guidance and aid in this work and to Professor M. Smixpo for his
kind advice in this report.

Finally it must be mentioned that this study of mine is entirely thanks
to the Grants in aid of Scientific Research (donated by the Ministry of
Education).

(Received Octover, 31, 1950.,)
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On the Perfect Utilization of Sea-weeds. 1.
On the Improvements in the Manufacture
of Alginic Acid. (1)

Hisatsugu Sato and Mutsuo Morita

Summary

Our intention is to improve manufacturing process of alginic acid from sea-weeds. We
have proposed the following process for extraction, filtration and finish.

Firstly, in extracting, materials were pre-treated by hot alkaline solution, and after
leaving for several hours kneaded. Secondly, in filtering, a simple and easily passable
filtering apparatus was devised which was formed of wire net, quartz sand and glass wool.
Lastly, in finishing, alkaline methanol was used to form sodium salt of alginic acid as well as
to remove impurities and colouring matters.
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HRHEBSIEE B B BRI s ROBRIE KI5 MESRA TS 5, T
b Z OESMC I\ TR 2T, A0 IBIC 3\ TS B AP A A
BRGRE AN, ZORBROMTHFC S 2B ISR ol kKT 2 X & bR,
2 LTOWBIEELHO TV bOLEL LD, ;

BB T 2 AR MH O SR BT 5. T b D ZORDICIE E FHFEKIEC
XOTHIET Do DVWTHIEEINS BCHE L Tw 2 WEO LEH 2~3 mm kg & b
KR Bl E S wE b, SRR IR 2 IO ki 2 TR HigE 3
B. Ub LGS 2an UFIC 5 B 5 WHL D ISIC FHA R R ib b, TS L7l i 20K
SO LBz 588 v, |

S R ORI ST A LT\ R T T T B L BB 2 TICE, 2 OX Y
Pl B\ TR 3001 BLEOWIBE TS 2 LATE B, |

EH L HRELE, T AX CREGES ORI B W B ATl HR 2R

ER T BT LB Y D bR T VA HHEE L, IR SIS



82 ' ERAR - FREEER

B RSB NS B0, 2ot SR D B R BRI I
BVCEMICHE B, H B E B S T BB E T\ |
Z L B OFFRIC TSRO I B\ TE L TR T %,
2) BB E b, |
b IEBHESER TS B, \
O IBRBETORE ZOMERELTE . |
&) BHEHET S TAPRGPORFACH D,
o Wk ED THHTS 5, '

@ f bk T W

R TR W R~ 2L BE L
(i) RT3 X OB s

@ OWBTRC X D45 5N 2B AT aiias 20°C PUF 2% 2 & B #E® (20°C B
EOBBEHETS) B (1:1) 50 XM2TE BT 5, L Fmsomiss
€% Y~ kDT AR VIESHER T A B0 LR LR ER T B b, Ak 1 BERE
LT EEE LT, D CTRIRE F A LBt ek biE, 94 74 Y EHWCTTR
OREER LI LA AR R, -

RECERORRE ST 7 T L 035 80~90°C 1oy 10 5 fmdh T2, ML T5 &
Vib B EEERANE D S AT ZOR D RBAORE LKL, & 5 ICHRoO R bIEHIC
IVEBCHREBBIREL R BN D, 24k A AR BRI 5, BbRT A ¥
VERICIE & BicK 21 2 2 ¥R 80~90°C 1T 10 SMRmE L, TS T Wb CESEL
17»¥V@@a%WMTOmwmmﬁﬁkﬁﬁféfwmﬁim%ﬁoﬁﬁgmﬁu<ﬁ
Tl FRCT AR BOAGHE UM LA D, ML Tl X 2Bk
%7555 2~38 BRI IED 2) ' :

FAEVERY ~ FRHE DT AR BTG LB 2 LIS B AEOW S B
BHFNTKOW TB D, - |

a) FAEVEEY ~ FEHOWEL 20°C T L LTREMA 52 Lick b, TAF
BN B = e A FRET & D TR ANIBET 3 2 L EBEL, LiehoTr ¥y
RN ERRE CBREDET 2 2 L2 TER SBLO BFE, Y4 74 X2REE T
FEUREOSBCE O TRE L HCHNED T A ¥ RIS L A EEL T B TR D,

D) ML D AAREROW E N ZOE E R DA, FA L DRERERS © &

3) BEMEZB: LR E1T), 121~125.
e RO TS (WE 21), 65.




PR o SZARRICE T 3 DI 83

BREZAHEEE o ORKEBNSI Tz 2 82 B AMGE L LELT2) TH b,
IO ZD P I I E LT E T 5 b OTH B, F Ak HIRcM#T 22 Lic kb,
FORURBAORBEEBME LY, 25l RER X ) ESkoRE e LEREcBRL
CEBTED, ' S

o) A< T— BRRURAED BN 7o 2 00 1 & O 2~3 MFRFEOUIKGEE A THETS b,
Nic kb BEHTo—Hs L 08 BH0S < RR{ 2 LHTES,

{) TaABIErAFT A ZHH BB IOY - B ‘

B » W) I 2RBOERGFERL, AP THBRIEHRL B SN 271 ¥ ARRUZER
Mok ehr b KIEEL TV, chid
2 dloodn & SR ZEN B Bl Y (A, Bt
‘Kﬁilh@AmAn,ﬁﬁmxﬁ/»»
FEHONEE T, & DI A R
Wy~ 10g B2 2, —FBiErs
7= b00g XU +aofEEINL S,
25 Lk bid A BB EeL
A, B Thalodn L ce L FRRET
M B IMBMCE D TIE A DT WIS
FRTCikD, BoOFIE 5L gL
BB, Lind BTSN THHL fe 2
57~ EADEEEH D T AR RO
9 b e SRw B L ss b L 1T C i
TBiciihidie, o< LMo 505 ,
BADAS )~ ARKRBEcHEERL LY, BT ¥ BE/MHRsS L BIRTHRE L
BY TArXrBReoy —FBLEDRrDEELOND) BORXY )~ 3BERESEG
CEATL B HIMETAX VRRY ~ S OHAEBRNL, ADX S 7~ R EE

W]k % % T 5, -

SO 2l B FERIAHHIIERIIL, ADRY ) —AF W ABEcELCA
EHRUBEIUNLCTZoR D IcAHSERREML, A RBIETHECMATLIZA RO
PRI = FOUMEIC A 7 ) ~ R OEKEITS 2 EATED, B LTEIERA
BRI AEVEY ~ ¥ 30g F Bk, ,

BRI RO 0.20% KHEHO LI 305 To 5,
4) LEEENE 11, 2, 152 (GUHERE, 1E15).
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EELEERED TAXVRY ~F 2B D EHbR TN 2250, TA¥VRE
TAN Y KERCHEML, Rk =g 2 A RLLTT AR VY — 5 kB L oK
MR L & 55 HBIC HA, AEORSA & T 2 BIEKOM T3,

a) mf )l B I AS )= EMTLTTHTH 5, v

b T AR VBB OTIEE LT L\ EHHROBR M e 22 v~ S
By, HEROBECI~NTEL S FHBE IS,

O AT £ b RO BRI R\ e®, BHEOTAX VR Y
P EBD e LWTE D, | o

&) FHRICHIL T Y LR BIGREIRD & 5 BFRE ST L L\,

§3. #% £

=il

DI AW D T 1 ¥ IR FT 2« I A TR EM2, ZOXELR
EREDURE L DT _EAFNEBERT AT 2 kbR, L LA B S
HIBMIC B \WCE SN O TH Y, 2B RBBUC S L 7B, MUCHIsT 2 I 2 4
SRR 2 LATE BB AE CE R WL cATHS, ©OWCEI RS S bic
B B0 b LT, 2 o BIIERBER T T 2K T B 5. |

(REFD 25 48 10 31 HZEAY)

6) B EEETEE (18 21), 291~292.
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The Catalytic Dry Distillation of the Tar Acid Pitch-

Fujio Komatsu
(Received October 31, 1950)

Abstract

To make researches into the utillization of the tar acid pitch prepared from the coal tar,
using the various catalytic agents, we made the catalytic dry distillation at 600°C and studied
the nature on the distilled solution and produced gas. Consequently it was seen that there
were groups which the cracking temperature was decreased 20°C~30°C with a similar curve
and was decreased with a dissimilar one in adding catalytic agent in comparison with no
addition of catalytic one, and that the neutral oil undissoluble in-1524 sodium hydroxide

- golution was increased from 102 to maximum 25%. Secondly, making use of the dry
distilled gas in fuel, the distilled solution in antiseptic solution, synthetic resins, and the
cokes in domestic fuel, and the apparatus being simple, the catalytic agents being very cheap,
from the above-mentioned conditions, this experiment has been industrialized intermediately.

FlE F

—fie coal tar oil HOFEIEIIE R & LTINS, T 7b D phenol, cresol #i4M 1 13
B RME LTEKIRTWD, ZRINCEREMEZEH L, phenol, eresol {4 % Bk L 7cp
TR Y L LTHBY LD 5%, F 20 Xylenol 43 CHEMLL, pitch conVeyer f\(fh;
Lo, o pitch IWRAL, BEIN T, FESIFAEMO D Sy v 5
(7 —rfR ey F) OFHHHOLDI, R X oT, SlEis ~ A BRERS & 5N
BN X DT, @MY — AR EEIRS I LT LD 2 LASCE e, I 2 BOW
Wil SR, o — 7 ROVERERRL, SHTEAREES 2 LTEe, DTFEO
KIUC DN Tk~ D,

i

E2E BE R o B
BIH F R % E N
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1 - - _ ' ‘ ..:iv"v e
_ r Nty 77 ' K
“J , ®) €)F) ®
B PR || Sy . »
At -2 (c @
N , i) JED ‘

B2 BRROEN |
WL A A ~AfRe Y 7 500 & AL, R RN 2R —cIRAMREL,
FRMCKEHEL, THHIURMEL b, 2kw/hr BRI X hIMBL, WIT2K5, i K
Wi, BEEE s~ 2 A RREEET 2. No. 1) Bo#E ¥ RET '

(A): virratb o (G) : LI

(B): 284 4 (H) : IRRAHT P EAHEIN
(€ : 20ce xR Y vy (K): # 4 '

(D) : 10% NaOH i (L) ¢ KR I

(E) : Gasflow meter ‘ . (M) : Thermocouple

(F) : cock \ ’ » (N) : milli volt meter

| WIG OE B R M
(a) Soft acidic pitch M.p. (FK§RER) 42°C

(b) Hard acidic pitch M.p. (FK§RzE)  158°C
2 — AR Y FORE TR L REE,
Coal tar
v dil H,SO;
| ~ ¥
) }
*Basic Substances Acidic oil + Neutral oil
' 1 dil NaOH
Neutral oil Acidic ail
J Distillation
|

3 . . }
Phenol Cresol Xyllenol LRt ey T
(b.p. 183°C)- {0~, b.p. 188°C) (1, 3, 5~, b.p. 220°C) (Hard) or
(p-, b.p. 198°C) (1,4, 2, b.p. 209°C) (Soft)
{m~, p.b. 201°C) _ & {

|
ERPE v 5~ (Soft) or (Hard)
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ThHbH
© BEEoES
[ = ) Bentomte, Al 204, l\/lgO Cr,Os, Fe,;Os, PbO, CaO, Kaoline, & 1 & OHEMEH

13 —JERDKECE: (100°~120°C) L, w’d‘}ﬁﬁ"‘ 3%,

B ERERSLUZOER |
. Soft pitch 3 } ¢& Hard pitch ic0 &, EMBEITRNE X R SoYE o 19 HRIc LT
BER Y1707, .
(1) Hard pitch 500g FEf@mleL,  PrEReR] 1404

pog | EMIEE | KW | e |WMEE| KWE | g |HEEE] KR
(c.c) ) {ce) (03] : (cc) @
o4 | o0 0 361 40 3.760 383 120 14.210
101 0 0.645 361 45 4140 | 421 180 | 17.615
191 1 1.505 366, 50 ° 4.505 441 185 19.745
291 5 | L1510 | 366 55 4800 | 5l1 140 93.295
331 10 2.330 371 | 60 5.860 581 147 98.210
341 15 9545 371 70 6.085 616 147 31.487
341 20 2.755 371 80 6.660 || 636 147 32.205
351 25 3.005 371 90 | 8.0% 656 147 34 435
351 30 3.295 371 100 9.700 666 147 $5.130
356 35. | 3.440 372 110 10.910 671 147 36.540
O h 157 g — 147 c.c. 7k 15%
& F - 234ce. BTl 133g
ki 133.6 g — 123.6 c.c. B (27°0) 1.588°
cokes 288 ¢ B #E (20°0) 1.092

'ﬁulk/fh o ? 3 }k(rgn-‘& o i&ﬁjoko fti*“i‘ 100 c.c. & j‘o

wW oA b.p. Wl b.p. W b.p. "o b.p.
% % % %
Wik 198.48 20 241.85 ‘ © 40 295.09 60 330.00
5 213.13 25 952.55 | 45 307.15 65 335.00
10 222.68 30 268.04 J\ 50 315.34 70 340.30
i5 231.05 35 279.50 J} 55 - 322.23 72.5 346.57
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(2) Hard pitch 500g FRkFid: 260 g (B

Pi il

PSR 2 20 43

g | OB | KWE | peg | R | KR | peg | WOR | KN
(c.c.) Q) | (ee) @) (c.c.) (€]

40 0 0 315 " 60 | 5165 356 160 27.370

75 0 .310 335 70 6240 | . 875 170 36.550

110 1 0.815 845 80 7.5156 415 180 42.015

125 5 1.895 345 90 8.515 455 185 47.065
135 10 2.005 345 100 ¢815 505 190 59.015

145 15 2135 345 110 10.495 545 196 72.995

165 20 2.365 350 120 12.985 580, 196 81.915

225 30 " 8.030 352 130 16.505 630 196 94.565

205 | 40 3.695 354 140 17.715

-305 50 4.685 355 150 24.060

57 W7 217 g — 196 c.c. Al 20%

VI 41 cc. FEifnh

itwa 155¢c.c. &\ 1.060 (20°C) -

cokes 487 g ke 1.5810 (27°C)
EOE R B

T b WA W F L pp LN R Y
% % % %

b 171.19 20 240.66 - 40 31545 60 341.45
5 217.97 25 260.70 45 324.17 65 346.63
10 229.04 30 285.32 50 339.24 70 356.40
15 231.86 35 305.71 55 339.256 carbonize

(3) Softpitch 500g HEMEMMEL, PN 18304 -

TC | | KWiE | TC | % KWE| TC |t & =Hwe
38 b 0 230 90 0.250 353 200 2.250
148 1 0.01 288 100 | 0.310 358 210 3.250

258 5 0.02 298 110 0.420 358 220 4650

968 . 10 0.03 305 120 0.450 - 358 230 7.950
268 20 0.045 312 130 0.550 358 240 12.450
268 30 0.06 318 140 0.700 358 . 250 21.950
268 40 C0.08 398 150 0.800 368 260 29.000
270 50 0.95 331 160 | 0.950 418 270 33.15
23 60 0.110 333 170 . 1.150 528 281 44.55
75 70 0.200 238 180 1280 | 608 281 52.00
278 80 0.250 348 190 1.650 J 668 281 60.00




R~ Lfil Y 5 OB
Wil 296 g, 281 c.c. o 10%
cokes 156 g il
7k 29 c.c. Ik &\ (20°0) 1.0570
JgE7fe 252e.c. , B (@ro) 1.5810
®MEF 7%y o bp. w5 bp. | @ b.p.
(vol.)
% 197.01 25 224.65 50 244.94 75 333.63
5 212.60 30 297.96 55 254.24 80 346.83
10 214.66 35 230.06 60 269.00 85 - 858,11
15 218.82 40 234.51 65 298.75
20 223.98 45 239.76 70 392255
(4) Softpitch 500g  ERMEFE 100g PREERERH 18: 384
TC | i il ERTR ' T°C | % ﬁl ERE } TC | @ | KWE
. | .
30 0 0 274 100 2.941 341 220 11.001
115 # 0.002 284 110 3.845 341 230 13.301
150 5 0.005 204 120 3.784 340 240 18.101
239 10 0.017 299 130 4,050 - 340 250 24.891
249 20 0.310 304 140 4.402 379 260 31.501
249 30 0.550 309 150 5.02 429 270 39.601
249 40 0.780 314 160 384 459 ) 44.601
249 50 0.950 319 170 5.791 479 a5 48.601
254 60 1.500 304 180 6.421 499 275 | 49.101
959 70 1.995 399 190 6.701 529 5 52.001
264 80 2.394 236 200 7.141 558 275 62.290
269 90 2735 240 210 8.301 600 275 78.500
W 285 g — 275 c.c. Byl 10%
cokes ' 245 ¢ B SR
R 28 e.c. #2000 1.054
Bkt 247 c.c. ¥ (27°0) 1.555
oW OR B
o b.p. wo bp. L b.p. woa b.p.
% b % 2
Wi 176.80 ; 25 223.98 50 243.40 "5 81220
5 209.09 || 80 296.93 55 246.86 80 317.60
10 21642 35 220.02 60 257.08 81.1 318.60
15 21852 | 40 - 2392.04 65 27140
20 22068 | 45 236.40 . 70 297.08
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|R8RES | A BEE] | B EE AUDE (v 3)
L | Blank
300 - By ] Berikorte tong
(b, Be'ﬁ,‘kﬂ'ﬁ/‘\h 2003
I ,Bewham/'\b S0y
2850
200
riso
100
Lbo
i gk m e
N s
0 ne o - ! o
SRR RE o) a0 et
. ;— ) "
REVES | VR a% %) '
- YR AR R b R
(i, Blank %3 \E L Ll INe 4)
Laer (8)y ALGs 2c0
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%2)5 AL.0, ety .
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- ENE N

4 BT DN TR L 7228, Alod 15 F i O W TR B R 2 tie, 2 2 TIRAWL,
ZORREEE Nool~No.8 g THbl 7,
(1) PR X R & OBIR . ,

PMEEM2 22 Lic X b, Blank test OYHHEL, WHEESEAL, R
B 5035 < BB EA7S, No.l~No.8 ZHLTHHICED SN T w5, FHCAMEES,
BEMRENA D2 LIk D, 25°C~50°C BEFLTWD, F /b biHies & o KAFOHE
B OBIRICE WCHIEIC SN T VWD, % 7EMliiE 500 g RHREEE LCHBRERAAL
B\ (No. 4) Bl 35T ALOs ol X b, HEHCEDT WS,

@) WILET & B E ORI ) ,

M BRI 2 R M2 5 2 LC X b, BARERAL, SRR R
BT LERLT WD, Mt <%z MO R LAlicit, FLikiEsibhe,
&), Blank test OIS & L, SENEREZRL L SEWPREE 4R ETWS, ke
B (=P i w4 —Jv@%@%mmkﬁ%%ﬁ%%ﬁ%mewc, Blank test (€ Fof LT AMRIE EEAS
EFT 2 HWESD D, FHCa — 2 AL SNTWHH, KERIZY b CEBMEE
BRAT 20, EREERNEC & D = — 2 2 LB L BB 5 Lich s, HiC
a - R LB E O RA IR TN L BRI e B B LB, ‘

() O
> 19 O BB L RT L, TRoml ks,

- o No. 1 No. 2 No. 3 No. 4 No. & No. 6 No. 7 No. 8
meE | ' | o’ | S| & e | e e | N
5 volos L bp. O

ot 198.48 | 17119 | 197.01 | 209.00 | 161.80 | 19636 | 19749 | 14217
"B 21313 | 217.27 | 21260 | 21642 | 20283 | 226.68 | 217.17 | 205.24
10 222.68 | 229.04 | 21466 | 21642 | 21426 | 238.16 | 239.38 | £47.30
15 231.05 | 23186 | 21882 | 21852 | 22274 | 255.00 | 264.89 | 27142
20 24185 | 240.66 | 22398 | 220.68 | 2285 | 27290 | 29583 | 291.30
2% 952.55 | 260.70 | 224.65 | 92398 | 23255 | 292.00 | 31941 | 307.21
30 - | 268.04 | 285.32 | 227.26 | 22693 | 241.80 | 299.64 | 330.04 | 321.37
35 279.50 | 80671 | 230.06 | 920.02 | 249.83 | 314.65 | 338.60 | 330.41
40 20509 | 31545 | 23451 | 23204 | 26347 | $23.13 | 33915 | 83571
45 | 20715 | 32417 | 239.76 | 23640 | 278.30 | 330.97 | 24210 | 340.29

" B0 315.24 | 339.24 | 244.94 | 24340 | 204.60 | 333.93 | 342.94 | 34572
55 392.93 | 339.25 | 254.94 | 24686 | 20846 | 337.17 | 34414 | 350.68
60 530.00 | 34145 | 269.00 | 9257.08 | 308.86 | 340.50 |carbonize 854.79
65 335.00 | 246.63 | 29875 | 27140 | 31533 | 34365 ! 357.81
70 340.30 | 85643 | 82255 | .207.08 | S2L80 | 344.76 359.80
75 ! ! 333.63 312.20 329.98 |carbonize i
80 |carbonize carbonize 246.83 | 317.60 | 329.35 +

8 | { 35811 | 318.60 | 33122
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EE R No. 9 | No. 10 | No. 1L | No. 12 | No. 13 | No. 14 | No. 15 | No. 16 | No. 17
(H) (H) (H) (H) (H) (H) (H) () «(H)

vol2 bp. (0

il 13346 | 128.60 | 188.¢4 172.73 192.20 | 188.62 | 18547 | 188.62 | 178.15
& 232.95 | 235.20 219.01 209.42 211.78 214.95 215.00 | 212.84 195.92
10 266.95 ) 265.12 223.01 216.78 230.85 219.58 221.30 | 218.13 | 214.87
15 292.43 292.77 227.64 218.93 243.63 224.32 25.43 222.33 222.30
20 311.76 308.90 231.89 226.27 2569.66 228.73 | 228.63 227.6& 227.61
25 323,51 316.45 232.95 | 239.07 277.68 234.04 235.07 230.82 231.82
30 328.47 321.85 250.00 267.52 281.16 236.17 241.63 234.00 287.17
35 340.69 326.15 265.00 268.95 283.32 238.30 245.69 241.60 242.45
40 346.35 331.51 274.00 282.54 285.47 244.66 253.03 258.52 | 2b3.00
45 349.54 334.78 280.27 | 286.97 | 289.80 | 25264 | 270.25 | 276.64 | 261.66
50 353.81 335.87 284.35 289.40 290.0(5 262.84 283.06 284.36 268.00
55 - | 3860.10 336.92 293.98 291.63 291.96 270.80 290.25 288.67 272.56
60 364.47 342.35 29518 | 293.66 294.12 277.04 300.41 298.41 284.37
65 368.88 350.09 |carbonize| 296.96 295.00 283.24 303.66 3056.91 296.04
70 370.64 | 355.38 299.16 29b6.25 290.73 304.08 311.35 296.08
75 carbonize carbonize 300.256 | 296.21 | 291.84 304.90 31248 302.60
80 H ‘ i) carbonize carbonize carbonize] 305.14 |carbonize carbonize
85 306.60
90 309.14

wEE | No. 18 \ No.19 | EEGHW | No. 15 | No.1o | By | No.18 | No. 19

volgs ' bp. (cc) vol% bp. (ec.) " vol% l b.p. {cc)
Ear - 178.21 129.20 30 250.97 326.15 60 296.09 341.72
8 215.04 225.00 35 259.59 329.74 . 68 300.05 354.01
10 222.42 249.05 40 263.84 332.10 70 302.45 357.00

- 15 232.92 285.60 45 271.39 335.51 75 302.76
20 238.04 302.41 a0 281.00 337.12 ‘
25 243.36 323.05 55 289.64 339.54

3

Soft pitch ILOWTHIEF DI, —W5H & B\ CIEBBRINC X b, (SRR s

TV B BRI B CEBROME TS B, %7 Hard pitch €OWTHF 2L, (No. 5) S0k

¢, Blank test & HEEL, AHAFCIEBILASHE AL, No- 2, (No. 8, (No.6) 4

O, BB L b 5~10% {85 % T Blank test DA C L RBEES TS b, HEHA

XSRS TS DAL O 2 ODEBROMERD 5 2 LB b o, Wi kw5

L, -SRI RS F L Twa T Ee ks, 4ED
FMAE RN I~2 &, | |



9 A I

Bentonite (100 g), ER:FI-: (100 g), ERMEFI- (300g), Cr,Os (200 ¢),
® { Fe,Os (200 g), MgO (200 g), €aO (200 g), Kaoline (300 g), PbO (200 g)
Bentonite (200 g), Bentonite (300 g), ALO; (200g), AlO; (300 g),
ALO; (100 g), ALO; (460 g) '

(4 piho MR

WHHMT X VRS EHEL, oy —ERRL T N kihic, 20% NaOH i iz
TR L BDve ik ik LHE T ABIRIC X D A5 Wi B HEMANT D\ T o WIE e
Fre, ‘

(1) #Z W & B

]

=

i |

volos ~ bp volos b.p. ol b.p.
‘ oG o o
5 97.63 30 250.07 60 20096 °
- 10 102.72 35 268.32 65 293.33
' 15 105.80 40 272.00 n . 295.24
20 18424 5 273.65 75 207.39
25 234.01 "~ 50 283.56 80 carbonize
30 250.07 55 289.98 ’

(») T8 236.778  (OKBEFETFIR)

M=K -2
GAT .

M : WESTR 2367
K : 5120 (Benzene) : [ﬁgr
g: WHOESR _
G PO ER (Benzene) 16 x 0.87
AT : RESEET 0,28
(CAVID I 16070 (25°C)
(=) k& 3 1.072 (o)
0) =2 2R3 T 2O
a2 AREEREO & %@ﬁi@in ¢ Porous % % @VC 7 Z)il,, }Qi"fr‘@%f@@ 5 R
mL g, Gas cokes [, L, BAHE & 4T, R R R e A e L &, Bdi s
Lo EF50HHE ORSATs method ¥ f\nzz, Ha CHy (B85 HHC THISEL 72, _[Eﬂ\;ﬁ@gﬁzi;
¥ 5000 cal/m®, 50~901/600°C (No catalyser) @lﬂ,ﬁfrif‘a’j%o




2~ AfRe Y 5 DR
wE—mE  (A)
% i‘ﬁi pitch f}% | #l WERE | KIE( | ®{muh | =~2 2| sk | bk

- &) (g) C) 600°C (g) () (ec) ()
1 | 500 (®H) NO 191~581 | 29.80 | 157 288 234 15
2 500 (H) | @go‘é‘gi 110~545 | 87.00 | 2m7 437 41.0 20
3 | 500(S) NO 148~5%8 | 5155 | 296 156 20.0 10
4 500 (S) ﬁ’ﬁl‘%bﬂgﬂi | 115~429 | 73.50 285 245 28.0 10
5 500 (H) Bejnotg‘éite 112~600 | 64.81 1906 | 853 | 360 | 25
6 | 500 (H) Be%tg’:te 208~528 | 70.00 | 181 420 24.0 25
7| sooqm | Bentonite | o553 | vese 242 | B3l | 440 20
8 | 500 (H) 2A0130§ 100~460 | 6903 | 24 375 60.0 20
9 j 500 (H) 3A0130g3 101~491 | 9603 | 275 450 | 1000 20
10| 500 (H) i%éog 02~400 | 00 | 226 352 55 25
1| 500 (H) ﬁ%‘gkoﬁgi 131~534 | 4170 | 214 336 40 15
12| 500 (H) ﬁ%‘%‘oﬁgi 122~557 | 5638 250 503 70 25
13 500 (H) | GmO | ui~aee | oviel | oo | 458 | 30 20
4| 500 (H) | boa0s Mo~b00 | si3s |7 | 7| 20
15 500 (H) 2%‘8% » 130~450 52.53 16? 395 35 2%
16| 500 (H) %gg 103~473 | 12748 | 224 337 62 25
17| 500 (H) s ; 154~498 | 7530 | 200 462 43 20
18 | 500 (H) Kgggige 100~538 | 6543 | 911 522 | 40 18
19 | 500 () 4A€)150£ 108~408 | 70.00 | 215 405 50 20
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Ao B B
W —m% (B
; " . 7 A hEE
s A A | X o2 MR Callm? | a7
| LEE | i é_,g ) Sensible
7R . CO:; [CmHn| CO H: Qs N. 1 CHy heat o ¥ B
| ey | {20°C) | (°C) ’ 2 BR<
: ; [ .
1| 1.092 | 15850 | 300 | 65 | 2.0 85 i19.05 8.0 | 22.01{33.94 1 4789,577 | IEMI L, M
: . 400 | 2.5 | 02 |12.01|2421| 4.16 20.11|3681 4603434 | =53
K
7 ! . gas cokes {4
2 | L060| 15810 | 600 | 02 | 03 | 1505 50.05| 26 | 17.11 14.69 | 3499800 | §°5 Co 25
N T3
3 | 1057 15810 | 350 | 25 | 45 |200| 1501| 65 |25.67 | 2581 | 5900,000 | L Lo R
4 | 1.054 15550 350 | L0 | 0.6 {116 |36.6 | 4.3 |26.42| 19.48 | 3545,888 | RMEL T
, 350 | 07 | 21 |114 |356 | 43 | 2640!19.50 | 3944560 | = .
‘5 1135115988 | 500 | 1.0 | 27 |143 |27.65| 54 | 2081|3054 4728,220 -t
6 | 1.092 15832 | 500 | 16 | 0.9 |126 |47.30| 03 | 49 |2941  4177,920 %ﬁs fel,
i
7 | 1081|5764 | 350 | L0 | 0.3 | 1538 4s.01| 05 | 38 | 3161 5006,700 M.k
- 1
8 | 1102 {15804 | 350 | 95 | 15 |12.10! 4049 | 1L1.| 051] 34.81 | 5468,208 ;@%f%ﬁh -
9 | 1122 15075 | 50 | 100 | 2.0 | 105 |27.0 | 45 | 1001|3599 4300840 | SO ML Ls
10 | 1006 | 15001 | 350 | 673] 18 | 109 |s0.41| 36 | 1n01|3555| 517,282 | fome o
11| 1109 | 15770 | 850 | 2.85| 0.5 |13.95| 92304 | 8.0 | 14.39 | 36.37 | 4619,204 %«,Skes R
' X ! | gas cokes 1k
12 1097 L5020 | 350 | 66 | 29 | 66 | 1604 45 103 4283 | 5539404 e 5
18 | 1.067 | 1.5592 | 850 | 4.3 | 4.1 | 8.0 | 4001 105 | 16.2 | 24.89 | 5293,303 | 7% X #F
14 | 1051 {15038 | 350 | 5.8 | 3.2 [10.0 [35.01| 120 | 182 | 1579 | 4044735 | M.k
15 | 1.043 | 15547 | 850 | 89 | 21 | 84 9892 |1L5 |159 |29.28 5984268 ML CTKE
16 | 1035 |1.5497'| 380 | 51 | 1.9 | 58 |38.01] 50 |10.0 | 3419 4997901  BHEL TRKE
17 | 1033 | 15468 | 350 | 97 | 24 | 7.0 |2593] 99 13.2 | 31.87 | 4948,177 |#8 B I
18 | 1.065 |1.5682 | 350 | 7.4 | 15 | 9.1 | 30.13| 104 | 19.4 |22.07 3837812 gﬁa%c"kes fe
A . N |
19 | 1.093 | 1.5900 | 350 | 7.0 | 24 |11.00| 24.36 | 5.0 | 1120 39.94| 5645067 | Wk
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(6) WHER S X CERICOWT
RO B P RD &
(A) Hard pitch (weight)
AL,O; {300 g) > ALOs (200 g) > fPEEIJ- (300 g) > Bentonite (300 g) > MgO (200 g)
> ALO; (200 g) > CriO; (200 g) > Kaoline (300 g) > FRHEET 4 (250 £) > ALO; (400 g)
> @RI - (100 ) > CaO (200 g) > Bentonite (200 g) > PbO (200 g) > Blank test
(B) Soft pitch
Bh&ma>@ﬁaiﬂmg
RO % PICHB &
~(C) Hard pitch
MgO (200 g) > ALO; (300 g) > FpHEET 4 (250 8) > Fe,0; (200 ¢) > Bentonite (300 g)

> Ca0 (200 g) > Cr,05 (200 g) > {Bejglf(git&g%og)g)} > ALO; (200 g) > Bentonite
o5

(100 g) > EefkE 4 (300 g) > Kaoline (300 g) > ALO; (100 g) > PHO (200 g)
> BRI 4 (100 ¢) > Blank test
(D) BKFEREEOR/MCDOWT A
ALO; (200 ¢) > Bentonite (300 g) > CriO5 (200 g) > Fe,05 (200 ¢) > F:E1 £ (300 g)
> B0 > 80,0000 st 10> (A 1308 > aomg
‘> MgO (200g) > {Begﬁgli(tz%g(%g)} > Bentonite (100g) > Blank test > PbO(200¢)
() Yrm—5Ex - . : :

BT RNL 2R EcEBn 2L, (A), B ks,

FEIE I =

Wey 7 p Mg, ZORROBMS ~ A EEE 15, BE ¢y 7T Blank test
BRI O ~ BRI B0, BEROMIE R L e MaBe 52 Lic X b, 5 40
%OERS ~ A D, B =TT Xylenol D RomBEEEMTEOT, BETO
BRI E B, PO R THEBHOBIIC X DIAT 5, MBIy Pk LT
Blank test O3 ric 16% o ke 2152 b, HEMOEN, Br#zdc ik, &
#26% THMRT 5. R FTROEENE, cOBRBTRILENK, THhDD,

(1) SERCX D5 R EHE T 5000 cal/m® TH b, —BOBEBIC T Ziic,
THUEREES v 7L, RS,

() WK Xylenol b, Lo ESTRELIEIISKE S TS b, IHER (5 CIC TSR
BFETHC TISE L7ehist, SRt e LCRAmIRE &, 2 il ORIk 2 5L,



100 - hom EB

(3) BELLCTHERLEYIELARD, B CHRENKS,
4 EiEmELTCO a~22 1%, ALO; [RPEFId:, Bentonite, Kaoline 200g~300g %
BB L LCH WS 2 2 Ic X b, Hlfa 22 {El, B L L CERR BT v Bocl 5,
Io% T EOEMME R TS5, DEOBEIEX b, dIBRIESNZbOTS S,
WHILdrh, AERCHREMEET 2 ORI AR EE, WARLKEYFE X
O, ARHEREDHCHG N T IOorBR IAERREHBCERBOELTET S,
B E

Tz Vol 34, 935. 1931
T MR Vol. 34, 944. 1931
TR pEEEE Vol 84, 671 1931

(15H1 25 45 10 3 31 HEA)
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A General Theory of the Electrode Reaction Velocity

Masuo Shindo

Abstract

The method that was adopted in the theory of the catalytic reaction velocity by the
author, has developed the theory of the electrode reaction velocity taking the electrode
potential, absolute act1v1ty of metal electron, and the transition probability between
electronic states into conSIderatlon properly. Then the relation between the electrode
reaction velocity, electrode potential, composition, and temperature has been generally dealt
with. :
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On the Theory and Mechanism of the
Hydrogen Electrode

Masuo' Shindo

Abstract

(a) On the theory: : .

1, At the discharge of H*, H+H' the nucleus movement as well as the electroni(_:
transition probability P must be considered. -P is decreased as ¢ is increased.

2. - A general expression to
, . KT ol

[ 9y )
introduced from the theory of the catalytic reaction has been used positively.

3. Using the expression of the activity of metal electron that is treated as function
of y—7r, and the general theory of catalytic reaction velocity, the several theories till now
have been criticized. -

(b) On the mechanism :

A systematic and consistent intevpretation has introduced taking into consideration ¢ of
every metal, catalytic activity to H+H—Hp, disparity of the mechanisms of several metals,
the changes of the mechanism due to the variation of » and ig*. '

TIn the electrode of Pt, Pd, Ni, Fe, Cu, Ag, Au 2H A H,.

In Pt, if the catalytic activity is increased by the makmg-method or % is lowered, H
+ em' 7% 'H appears.

In Hg, Sn H + H* + em A Ha. :

In Pb, if ig* is large H + H* + en A Hy, and if small, H+ HA Hs.
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21) KQBOZF,V, NEKRASO\;Z 7. Electrochem., 36 (1930), 529,
22) Poramyi, Erey: Trans Far. Soc. 32 (1936), 1338.
28) Kworr, Scunwarrz: Z. Phys: Chem., 176 (1936), 16.
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24) Frumrin: Acta Physicochim., (UR.S.S.), 12 (1940), 481.
25) Grassrons, Lairr, Evrwa: “The Theory of Rate Processes (1941)”, 592.
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On the Mechanism of the Electrolytic Polishing
of Aluminum (Part. II)*

1

Keizo Nishida

Abstract

Continuing from the previous report!’, the author has observed the viscosity and its
change with time of each solution, and measured anodic and cathodic single potential on
passing current in the solution, then he diseussed the results deduced from the above data.

Next, the author has noticed the abnormal phenomena of anode and anolyte on electro-
lysing, and discussed partly some of their causes.

Lastly, the author has reported the resulis from the examination by the electron diffraction
method on the electrolytic-polished surface of aluminum.

Note : The signs used in this report are about the same as in that of
Part I. They are as follows:

Vol. of HCIO,.

Name of Soln. (60% aq. soln) Vol. of (CH,CO).0
Soln. (x) . b.0(ee) 95.0 (c.c.)
Soln. (a) 10. 90.

Soln. (b) 20. 80.
Soln. (b—¢) 24. 76.
Soln. (¢) - 30. 70.
Soln. (d) © 40. 60.
Soln. (e) 50. 50.
Soln. (f) 60. 40.

These solutions were prepared at 18°C from the previous consideration.

~ Soln. (b—c) is added to this list noticing that this composition was the

critical one. , : '
The testing sample used in these experiments is made from 99.895 Al

ingot. )

* Some of this report was lectured at the mass meeting of The Japan Institute of Metals in

. Sapporo in Sept. 1950. ‘
1) See K. Nismipa: “On the Mechanism of the Electrolytic Polishing of Al (Part I)”, Mem.
Muroran Coll. Tech., Vol. 1, No. 1 (1950), p. 1.

N



144 K. Nishida

§1. On the Aquecus Solution of Acetic Acid.

From the previous report, the author has noticed the electrolyte
consisted of much acetic acid, so he examined the aqueous solution of
acetic acid by the following method to appreciate the effect of acetic acid
on the solution. The concentration of the solution was 20.8%, 41.5%, 62/
72.8594, and 83194 by weight respectively.

a) The measurement of electric conductivity.

Using the same apparatus as in Part I, the following results have
been obtained (Fig. 1.), ‘where the value for pure water and pure acetic
acid respectively was taken from other reference books. The value is
very small, acetic acid being weak, as compared with the electrolytic
polishing solution.: - -

b) The Measurement of Decomposition Voltage.

Like the previous method, the results gained are indicated in Fig. 2,
with ones of Al-electrode together. The true concentration of aqueous
solution in the electrolyte correspounds more than 7095 from the conside-

- ration of the constituents present in each solution. From Fig. 2, the
decomposition voltage is between —1.34 volts and —1.65 volts.

§2. On the Electric Conductivity of the Solution Again.

The results measured at 25°C is in Fig. 8, with that at 18°C. In this
case the tendency is analoguous to the previous one, and that the gap
occurred in Soln. (a) to Soln. (b) is larger than the latter. Moreover, in
order to see how the gap in electric conductivity oceurs after preparing
the solution, the change of the property with time was observed. The
results are given in Fig. 4, in which the temperature is 25°C. So it is~
shown that the gap of the curve is instantaneously accomplished -after -
mixing.

§3. On the Viscosity of the Solution.

The viscosity was measured at 10°C, 18°C, and 25°C respectively for
each solution. Osrwarp’s viscosimeter was used for it. Because this
property is one of the most important factors for electrolytic polishing, as
seen from many reports about this property, and that makes it possible
to examine the relation between the electric conductivity and the viscosity
of each solution. It was summed up in Fig. 5. The above-stated gap is
not shown in relation to the viscosity except that there is a maximum
value on the eomposition of Soln. (b—c), and both sides of this composition
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Fig. 1. Specific Conductivity of
(CH;COOH-H:0) System at 18°C.
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. Fig. 4. Conductivity-time Curves of Each Solution at 25°C.

have about the same tendency. Next, the change of the viscosity with
time was observed on account of the same reason as the electric conduec-
tivity, and at this time there was no change of it with time. So, the
viscosity must be established as soon as two constituents are mixed.

~

§4. The Consideration of the AboVe-stated, Results.

In Part I, supposing that there was some reaction on mixing, and then
‘the chemical species after mixing were somewhat different from what
had been before mixing, the calculation led to the conclusion .that Soln.
(b—e¢) was the critical composition. And that assumption was verified by
the above-stated datum. Moreover, from that datum, the electric conduc-
tivity of the solution depends in the so-called non-aqueous composition
upon the concentration of ClO; and CH,C(OH), ions in acetic acid, and in
" the aqueous composition that of ClO; ion in water. For the viscosity the
quantity of.acetic acid seems to play a rdle.
 There is no conclusion or verification about the compound which is
made from HCIO, and CH,COOH, except what the author introduced in
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Fig. 5.  Viscosity of Each Solution at 10°, 18°, and 25°C.

Part I. From the impossibility of the measurement of pH in all solutions”,
there is probably no H* ion.

At any rate, it is supposed that the acetic ac1d in the solut1on is 4
sort of reservoir of other ioms, as stated in Part I.

1) The author could not measure the pH of these solutions, and that even of 602 HCIO4 aq.
soln., by the antimony, the quinhydron, and the glass electrode. But this HCIOs aq’ soln. has very
sigular pf'Operty and its HCIO; molecules are all hydrated in the aqueous solution by J N. Prarce
and A. F. Nersox: J. Am. Chem. Soc., Vol. LV (1933); p. 3075. .

%
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§5. The Behaviour of Each Solution for Al Electrode.

a) Natural single electrode. , :

The aluminum testing sample was dipped vertically in the solution.
This sample was pre-treated with emery paper (04), and contained in dryer
. at 18°C for 24 hrs. Then the value of the single potential of sample was
determined from time to time in the solution, using the apparatus of valve
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potentiometer” and with calomel half cell, which connecting circuit was
seen in Part I. In such a measurement, the potential is much affected by
the condition of the surface. But after 5 minutes or more, the tendency
coincides each other, if the other conditions are equal. Therefore, Fig. 6.
is one example of such results. In the figure shifting the potential to
minus sign of ordinate means passivating and to plus sign, means activating
as shown in Part 1. '

- It shows that the aqueous solutlon hke Soln. (c) to Soln. (f) has much

effect of HCIO, and the non-aqueuos solution like Soln. (b—e) to Soln. (x)
has at first other constituent to effect such as CH,COOH, but before long
"HCIO, begins to work. . '
" Soln. (b—c) has the very property which lies between two kinds; that
is, at first the potential goes to the passive stdate, but shortly falls and
reaches the constant . value. For the constant potential, there is probably
the product on the pits of strface by the action of HCIO4 and then it will
decide the potential®. :
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Fig. 7.  Bath Voltage-Current Density Curves at 18°C.

1) In order to compare the result from this measurement with the following one, the radio
valve UXI2A was used. This valve has the good proportional properties between grid voltage and
plate current. )

2) T. Tagur: “Experimental Electrochemistry ” (193¢). Kydritsu-sya, Tokyo. Vol. 1, p. 241,
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b) The Single Potential of Anode on Passing the Current .

through the Solution.

At the same time when the so-called “Jacquer curve ” was obset'ved
the change of single potential of anode was measured in each solution.
Fig. 7. shows Jacquer curve and the corresponding anodic single potential
is given in Fig. 8. In this case, as seen in Part I, Soln. (x) to Soln: (b)
has the irregularity of current density at higher bath voltage, and Soln. (¢)
to Soln. (f) has it at lower bath voltage. It is seen in Fig. 8. that the
first drop of the single potential occurs before the maximum current
density in every solution, especially two drops occurring in Soln. (b—-c).

Next, over this region, the potential rises gradually in linear propor-
tion to bath voltage, and that corresponds the range of constant current

density.
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Lastly, the potential drops once more at the bath voltage where the
gas begins to evolve. In this figure the behaviour of Soln. (a) is fully
shown, but others are partly because of too high potential. The relation
between bath voltage and single potential of anode may be shown as Fig.
9. schematically. From the above datum and the previous report, the
following items are deduced. ‘
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In the non-aqueous solution such as Soln. (a) and others, the change
of anodic potential at lower bath voltage shows the passivation and that
other species rather than ClO; ion may come to the surface of anode, so
it shows only the passive state. When the bath voltage reaches 14 to 18
volts in Soln. (a), the activation of surface by ClO; ion begins, then the
preceding relation is broken down. This may correspond the initial drop
of anodic potential on passing the current. ~

In other solutions in which water is contained, such relation mentioned
“above will be also presented, but the potential will sooner drop towards
the detivated state for the sake of many ClO; ions. '

At any rate, it may be understood that by the primary drop of anodic
potential the film in all meanings on the surface will be cracked or
dissolved roughly, and in the next region of Jacquer curve some of different
substances (film or other similar substances) will be produced on the naked
surface. From the figure it will be realised, as Mr. MUrrer says that the
increment of single potential in proportion to bath voltage corresponds the
consumption of the voltage by the resistance for the passage of current
through the film on the surface.

It will be noticed with much attention that the constant current
density in Jacquer curve is not true in reality: at first the current density
is only apparent, the true area being more than the apparent one, but at
higher voltage the area approaches to the true one. Because, it is always
observed that even in the measurement of Jacquer curve, the surface
of the sample is roughly flattened. So, at first the current density is
overestimated, and at higher Voltage that value becomes true. From such
a consideration so much amount of irregularity of current density curve
will not oceur in true sense of the word. Naturally such constant current
density will be caused owing to the viscous anolyte on the surface, which
will be discussed later.

Moreover, the constant current density, and the constant anodic poten-
tial which was seen in Part I (Fig. 9.) does not agree for each solution,
but by the author for the former the electric conductivity is the main
factor determining the value, unless the solution is non-agqueous, and in
other cases it depends upon the conductivity of the anodic film. ¥For the
latter, the gradient of the potential in Fig. 8. is about equal, so the above
stated relation is satisfied. '

§6. The Single Potential of Cathode on Passing the Current.

For the cathode, by the same procedure as for anode, its single
~ potential was measured. The result is in Fig. 10, in which the shaded
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part means the oscillating value of ecathodie potential. But from the result
the maximum change of potential is within 2-to 8 volts, so the voltage
. required for polishing is almost consumed for anodic reaction. :
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Fig.‘ 10. Single Potential (Cathode)-Bath Voltage and
Current Density (Anode)-Bath Voltage Curvesat 18°C. -

§7. The Observation of the_Abnormal Phenomena
of Anode and Anolyte.

a) On the so-called viscous fluid.

It has been noticed by others that during the electrolysis the viscous
material is produced on the surface of anode and that more on the projec-
tion' and less on the concave, so the polishing action will be accomplished
from the difference of electric conductivity of two points. Accordmg to
the theory of Mr. HEraore®, it is concluded that the flattenning proceeds
by the diffusion of the viscous material into the solution. However, there
is no verification on the property of this substance itself, except some
expectations. WrINrAND says that this substance is [Fe,(CH,CO,),(OH),]CIO,:
4H:0 when iron and steel are polished electrolytically in the like solution,
but it is not the main factor according to Mr. Tamma® to- polish iron by
the process.  According to the author. it is very difficult to take up this

1) W. C. Exwore: J. App. Phys, 10 (1939), 742
2) T. Tanma: Metals (Agne-sya).
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substance from the anode in pure state, it being very small quantity and .
that very deliquescent substance, so it will have to be examined how this
is analysed chemically. Now the qualitative observations which have been
hitherto noticed will be reported.

1) As seen in Part I, this substance begins to produce when the
current density is about to fall in Jacquer curve, and then it covers all
the surface of anode. Moreover, it flows down before long and then it
begins to drop from the end of anode. This phenomenon was caught by
Mr. S. Sarro” using Schlieren method., The author caught it with micro-
scopic photo (x 100), which result is shown in Photo. 1 and Photo. 2. The

NV T
by MRR

(a) | W ©)

‘Fig: 11, The Phenomenon of Anolyte during Electro-Polishing :
(a) with Coating, (b) and (¢) without Coating. :

1) 8. Samrg: Magazine of Electric Society of Japan, Vol. 69, No. 4.
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viscous fluid is flowing down and the outside solution is flowing upword.

2) When the testing sample is not covered with something such as
wax or tar at the contact line of it with the solution, many abnormal
phenomena are to be seen. In Fig. 11 (a), with the cover such a pheno-
menon is not found. Otherwise, as shown in (b) of Fig. 11, the viscous
substance is shooting out from the surface into the solution, and scattered
around the electrode. Nevertheless it does not reach the cathode and on
the mid way of the bath it sinks down gradually. In such a case, the
temperature of the solution around the surface of electrode rises and
the contact part is deeply etched, but it appears polished.

And in the solution, the surface of electrode is not so much flattened
as the contact point, although the total current density become too high.
Of course the viscous fluid is seen even in this case. It will be the chance
of the resolution of the mechanism of electrolytic polishing to peep into
how it will be happened.

b) The Relation between Pit-making and Gas-evolution.

The evolution of gas was discussed in Part I, and there is another
problem of the growth of pits in relation to this. Pits on the surface of
electrode are very apt to grow, and one of the most undesirable defects.
The form of pit is about semi-sphere and it has two or three small holes
in the bottom. Moreover, from the above-stated inspection by the micro-
scope, when the gas-evolution diminishes, it remains to evolve the gas at
a certain point, and when the current density begins to rise at higher
bath voltage the babble creats on the surface like a pearl and does not
leave the surface unless it grows bigger. From the above observations,
the growth of pit may be much affected by the irregular surface: when
the small babble is produced at the certain point of the surface, it does
not leave that place soon, so gas, liquid, and solid are co-existed, then the
solution of metal will be fast, so the babble grows, and so on. In the end
the pit grows like a semi-sphere, and becomes big. Therefore, the surface
of the sample to be polished must be flat mechanically as well as possible.
For example the once polished surface is very easy to re-polish.

§8. The Examination of the Polished Surface of
Anode by the Electron Diffraction Method.

The author observed the electrolytic polished surface of Al, and then
the one which was secondly treated, with the aid of the electron diffraction
method. The polished surface was washed with water and then with
aleohol, and dried out in air. The sample was preserved in pure ether
not to change the surface before the use of the examination. The solution
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which was used was Soln. (b) to Soln. (d), other solutions having many

difficulties.

Their results are summed in Table I, where the standard wave

length of electron was determined by the check of pure Al(99.99%).

" Name of
Sample &
Solution

tion of Treatment

BI
Soln. (b)

Newly annealed sample was
polished electrolytically wi-
th stationary current den-
sity.

I

Tasre. 1.

Examination with
E. D. Method

Consideration
or results

There were only two halos
which were not clear. They
corresponded to d=1.26 and
2.00A.

These halos were seen later,
but it looks like what the
rings of 7/ alumina’ were
diffused.

B-II
Soln. (b)

Old annealed sample was
treated with £7 v. and 0.05
amp/em® at 40°C. It has
bigger grains than newly
treated sample.

There were almost only ha-
los exez2pt other two rings,
. but both were not clear.

They would occur with high
temperature. The surface
of sample was amorphous
state. There may be some
intermediate phase between
7 and " alumina.

B-IIT
Soln. (b)

The sample of single cry-
stal was treated with 30 v.
and 0.03 amp/cm®.  The sur-
face was flattened on the
microscopic scale (Xx444).

With two obscure halos,
there were only three spots,
which flowed up and down.
Moreover, there was seen
Kikvenr's line.

The flow of spots means the
flatnessof the surface. From
the presence of halos and
spots, it is concluded that
there may be amorphous
film on the surface and it is
too thin for the electron
diffraction measurement.

B-CI
Soln. (b-¢)

Newly annealed sample was
treated first with stationary
current density untill it had
mirror-like surface, then
etched anodically with low
voltage and maximum cur-
rent density for short time.
It had bigger grain.

With the big grain the rings
consisted of many spots. So,
it was very difficult to de-
cide the position of the ring.
There was no halo.

These rings consisted of that
from 7 and y” alumina. This
figure may be resulted from
the secondary treatment.

B-C 11
Soln. (b-¢)

Old annealed sample was
treated with stationary cur-
rent density, then dried out
at 100°C with the viscous
substance on the sample,
washed in water. It had
mirror-like surface under
microscope.

The rings corresponded al-
most to that of r alumina
but they were not shown
clearly. The position of ha-
los was about d=1.245 and
2.31A,

Owing to the heating, 77
would change to r alumina.
With the diffused rings, the
surface may be amorphous.
This r alumina is probably
produced by tke secondary
treatment.

B-C III
Soln. (b-c)

The sample was treated with
the same condition as that

of B-C1J, then it was dried |

out at 80°C in air, then wa-
shed by water.

| The rings were the same as
| that of B-C II, but they were
rather obscure.

J There were seen the trans-
| formation of 7 to 7/ alumi-
na, but rather strong halos.

Old annealed sample was
treated with 16 v. and 0.015
amp/cm?’, and yet it was
-repeated.

| Only halos were seen, and
there was nodiffraction ring.
And the position of this ha-

Whatever the surface may
be covered with, it means
that the structure of the sur-

' los were like that of B-C II. | face is amorphous.

1) E. J. W. Werwey : Z. Kristallogr., 91 (1935), 65 ; 317.
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Name of
Sample &
_ Solution

C-11

Soln. (e)

State of Sample and Condi-
tion of Treatment -

Examination with
E. D. Method

Consideration
or results

Old annealed sample -was
treated with 16.v. and 0.015
amp/em?, and then etched
with anodically 2 v. and 0.009
amp/em? for 1 min.

Many spots corresponded to
that of Al, but the rings in
that figure (not clear) were
seen later.

These rings, which is not
clear, may be that of the
intermediate phase of r and
77 alumina. Then there may
be naked Al and alumina
simultaneously.

D1

Soln; (d)

Old sample was treated with
17v- and 0.628 amp/em?, then
it was etched at once with
2v. and  0.05 amp/em® for
1min. The voltage was once
dropped to zero from 17v.
and then raised to 2v.

D-IT
Soln.

The sample was treated like
that stated in D-I. But, at
this time, the sample was
once picked up and dried out,
then etched once more with
2v. and 0.02 amp/em? for 3
min.

Almost two halos, with two
obscure rings were seen, but
they were part of what seen
in C-II

This surface is shown in
Photo. 3. -~ Such a etching
does not wipe out the halos.

There were halos with thi'eei

rings which were not clear.

In the end, it will be the
intermediate phase between
7 and 7 alumina. The strue-
ture of the surface is shown
in Photo. 4.

D-II1
Soln. (d)

This saniple was treated as
in D-II, then etched with
2v. and 0.02 amp/em? for 3
min.

There were many spots up-
wards, and they correspon-
ded to that of Al. The rings
were seemed to be of Al.Os-
2H»0, which was hitherto
not geen’’.

1 The surface of this sample
is shown in Photo. 5.

From the above data, and

Photo.

3.

results, the following items are deduced.

Ph‘o;o. 4,

Photo. 5.

1) This sample was reserved in alcohol after the treatment, so it was resulted.
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1) Finishing the polishing anodically, there will be certainly seen
some. halos, so whatever the substance which covers the surface may be,
it will be amorphous and that, from the diffusion of the diffraction rings,
the surface will be flat under the scale of electron diffraction method.

2) Concerning the substance covering the surface, there is no sugges-
tion or other verification to decide the composition from the electron
diffraction figures, because the diffused rings become ‘merely more elearly
as the polishing proceeds.

However, from the above data, there may be so thin amorphous film
that the electron beam could pass through, and even if there may be some
oxide, it is not of the perfect one, but it lacks oxygen very much. So it
is the type of 3 alumina or of the preliminary type, and such a substance
will be changed to ;/ and then to y alumina by heating or other secondary
influence. :

3) Moreover, it has been much noticed that the electrolytic-polished
surface of aluminum has better corrosion resistance than otherwise treated
one”. By the author, it will be attributed to the compact film of alumina
over the surface. undoubtedly, and still more it will be affected first by the
flatness of the surface. ‘

On the mechanism by which the amorphous film is produced, Mr.
Targanasm® concluded that in case of brass in H,PO, electrolyte, Cu0 was
produced by the selective solution of Zn and the displacement of Cu in
the semi-liquid state. But it did not reach the experimental conclusion.
Mr. Sarro® reported in his paper that the dissolving velocity of each point
is. not equal at projection and concave, so the flatness of surface was
resulted. But he did not touch the structure of the surface.

By the author, there may be any change of anodic surface suddenly,
when it is picked-up from the solution, and that will be closely bound up
with the production of amorphous film. If this film is the inevitable
product during the process, high p’otential energy will be required to
produce such a state, not to pass the current through the viscous fluid.
If there may be the case, it is even reasonable that such a process will
occur in all anodie solutions of metals.

In recent years, many reports have been presented about the electro-
lytic polishing with the alternating current, and others said that there
were abnormal decrease of the valency of Al in that process®.  So, the

1) S. Tasma: ibidem. }
2) N. Tagauasui: App. Phy. Japan, 17, 212 (1948).
8) S. Satro: Electrochem. Japan. Vol. 18, No. 6; No. 7; No. 8 (1950

4) From the generahsatlon of the post-war electrochem of gurface of metals by S. TAJIMA,
but not in detail. .
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production of aluminum oxide itself is not a decisive factor, but is probably
the accompanying phenomenon. And in other meanings, the anode would
dissolve with block under  microscopic scale. For the subject, the author
will discuss in detail with experiments in future.

Summary

1) The results in Part I were recognised again by the measurement
_ of the viscosity of each solution.

2) It was found that the curve for single anodic potent1a1 of Al on
passing the current corresponded to Jacquer curve, and yet that the first
drop of the potential curve occured before the voltage at which maximum
current density was seen.

3) For the case of Al, the whole bath voltage is used by anode, not
by cathode.

4) The so-called 24 hrs. -aging of electrolyte does not find its meaning

in such a solution.

5) The polished surface is flat under the scale of electron diffraction
method and that is covered with amorphous film wich composition is not
determined, but the film is 'very thin to be able to pass the electron
through. ) #,

Finally, it is a pleasure to express gratitude for the instructive aid
rendered by Prof. S., Kopa and G. Oxamoro in the study of this subject
in Hokkaido University.

“Furthermore, it must be mentioned that this study of mine is entirely
thanks to the Grants in Aid of Seientific Research (donated by the Ministry
_of Educatlon)

(Received Octover 30, 1950)
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- On the Hearth with' tarred Raw Dolomite
in the Basic Open Hearth Furnace

Akihiko Tanaka & Hiroshi Oikawa

1 Abstract

In this research- we have collected: the samples from the hearth of the basic open hearth
furnace (10 tons) that makes use of raw dolomite in the Japan Steel Company, Muroran Work,
and conjectured its degenerated structure, and considered that the hearth with tarred raw
dolomite is not inferior to the one with magnesia. , )

1) Ca0, one of the cause about slaking action of dolomite, is combined to FeO, Si0: and
ALO; ete. and formed non-slakmg structure during the operation, so 1t need not take care
of the danger of such a phenomenon

2) In the dolomite hearth the growth of Periclase is not drastic compared to that in
magnesia one, therefore the former hearth bears with change of temperature and mechanical
impact. '

And the upperpart of the hearth may form half-molten substance in the operation,
which may exists between molten steel and refractones, 50 it bears with the drastic refining
and mechamcal impact. :
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On the Motion of a Blowing Hammer

Masachika Naito

Abstract

The author analysed the motion of a blowing hammer which is used to get continous
blowing and discussed the condition to keep continuously stable blowing.

§1, Introduction

. There are various methods for blowing objects continuously. Here I
take a certain arrangement of continous blowing, which uses springs as
elastic medium and piston-crank mechanism as forced force. I study
analyticaly the motion of its blowing hammer, and moreover consider the
condition to keep continuously stable vibration by making one blow for
one cycle.

§2. Arrangement

Fig. 1 shows the arrangement and the relative position of ¢ Spring
system ” and ‘ Crank mechanism system” at the mid-position of piston
stroke. A is a nut, fixed at the top of the rod P. B is a blowing -
hammer which moves down- and up-wards under the working of spring S,
and S,. C is the place which accepts impaet. D is the washer to which
the one end of S, is pushed and through which P can move but A can
not. .
_F and F are the upper and the lower fixed position respectively. S,
and S, are the same springs having high frequenecy of proper vibration and
both always being compressed. S, is more strongly compressed than S,.

P is the reciprocating rod. R is the crank(Radius R =10mm, rotational
speed # = 1000 r.p.m.). L is the connecting rod (Length L = 300 mm). @
denotes crank angle from the upper dead point.

§3. Motion of Nut 4

We get Displacement, Velocity and Acceleration of A for each crank
angle by following equations. '
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a) Displacement

2

_ _ B e e ¢
¢ =FK(1—cosb) + ST sin® 6 - (1)

Curve calculated by eq. (1) is plotted in Fig. 3 by dotted_ -
lines. ' '
b) Velocity

o nRn H E 2) .........
V=T (sing + S sinf) o (2)
c) Acceleration
o= w R’ (eos 0 + %— cos 20) --------- (8)

30°

§ 4. Motion of the Blowing Hammer B

At first we consider that blowing
hammer vibrates under the action of
spring S, and S, as shown in Fig. 2
(both spring S, and S. being com-
pressed).

Ly ovoerr initial compression of each spring.

PLoeeen displacement.

Eoeeee spring constant of both spring.

M- mass of the blowing hammer B.
0-—-0" - balancing position of springs.

Fig. 2

The hammer B recieves downward force (x,—2) & by
S, and upward force (v,+x) %k by S.; taking downward force for positive,
resultant force by S, and S, is (z,—x—x,—2z)k = — 2zk.

' If we neglect friction of guide walls, we get following differential
equation. :

\ a2

putting o' = %éi , We get
P+ ar = 1 D (4)

Secondly, we must consider as follows. Eq. (4) is available only from
the first strike of B against C to the next strike of, B against C (B, after
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restitution going downwards to the extremity and rising up again).

But from the instance of impact (B on C) till separation (B from ()
other equation is required, because B accepts reaction — M (V,—V;) from
C. So we get following equation.

Mié+M(1+—1‘-)a'7+2kx:0 ................................. (5)
1 B

x::xg-—»T:——l
1 1

{v:xq——-—)TZT

x, = displacement when B touches C.

2 is not function of time but of », and is integral form. Accordingly
eq. (b) is non-linear and hardly soluble.

Energy being absorbed by impaet, it is irregular damped vibration,
and as understood from the second term of eq. (5) it is positive damping.
Therefore other energy must be supplied from the outside to continue the
vibration constantly. For this purpose the crank mechanism is used.
Where upon by washer D and by nut A working of spring S, is taken off
during downward stroke. Accordingly, balance of spring S, and S, is bro-
ken, and it can be considered that the following force is added to eq. (5).

— (%, + 2 +x,) K o : :

" RN distance between midposition of rec1procatmg motion of 4 and
spring blance position.

Where z; is written as followmg form

w,:R(l—cos ﬁ) ——— sin®* 6
n<0<—32L (6_2’”“)

After all we get following equation.
Z 1N 4 fop — )1 e e
,Mw—I—M(lJrT)m-FlZa: (xl—!-xst-i—prkMO (6)

But it is complicated and difficult to slove. So we investigate partially
and calculate about a practical example under given conditions. By the
design of the arrangement the position where B strikes against C is 2mm
before midposition of stroke. By crank angle it corresponds to 6 = 260°.
The velocity is from eq. (2)

Vae = — 1.022 m/s
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Assuming the mass of C is infinitely large for B and taking 2 = % , the
velocity after restitution is
Tfo] H1K00~0568m/3 R R TLTTTRFRRTRPRRPPY (7)

Having this initial velomty B starts downward motlon under the action of
S, and S,. :
Details of the motion are given as follows.

1) Motion of B fromr crank angle ¢ = 260°
" The solution of eq. (4) is

& = Acosal + Bsinat

at =0 =2, V=1
x:xocosa/t_}.wg”_ SITL GAE v v ervieraereain e eaare e eaaeass (8)
T o= — o aSING + Voe0S Al  coovervri (9)
The given conditions are: )
Compressed length of springs --- -+ S, =166 mm, S.=162mm. (natural
- length S, = S; = 176 mim). ' .
x, = ”1~6§_2.16A = 2mm , k=10 kg/em .,

W = 0.78 kg (contained washer D)

@ = A/2.7c / lqv__ = 1585 [‘s‘i?]

V, = Vi, = 568 [mm/s]

x, =z, = 2.0[mm]. ‘
Inserting these numerical value into eq. (8) we get displacement curve of
B as plotted in Fig. 3. As understood from the diagram, after restitution
going down and rising up B strikes against C again at 6 =340°. Then the
velocity is from eq. (9)

V, = — 565 mm/s
2) Motion of B after restitution (at 6 = 340°)
The velocity after restitution is likewise

Voo = - % V, = 314 mm/s

Ve/a = 1.98 mm

Like as before B strikes C after 55° (0 = 35°)
Velocity of this position is

Vo = — 277 mm/s.
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3) Motion of B after ¢ = 35°
Velocity after restitution

Vo= — 2V, = 155 mm/s

B strikes C after 35° (9 = 70°)
Velocity of this position

V., = — 160 mm/s
Velocity after restitution

Vo = ——% V, = 89 mm/s.

Thus blowing hammer B, repeating restitution and being damped gradually,
comes to a standstill. While nut A completing its upward stroke and going
down again, from crank angle § = 101° pressing spring S, through washer
D goes down. At the same time the blowing hammer which was at a
standstill goes under the action of spring S; (S, does not work this time).

4) Motion of B after crank angle 6 = 101°
In this case working spring is S, only. Taking the position of start as
origin we get following equation.

_Md:” +(St__ )k: ................................. (10)

Solution. of eq. (10) is
x = 2, (1 — cos a/t) \
& = o/ x, sin o't

S k
a2 —
where «a =97

t=0, r=8=0, V=V=0
given condition ‘
W = 0.718 kg (excluded washer D)

, W [

o = N/7{,/T 116 -
xsizlomm

Vm:O, xo:O.

The result of calculation is plotted in Flg 3. 70° after, at 6 =171°, blowing
hammer B overtakes P. Then the velocity is from eq. (12)

V, = 1130 mm/s '
From this position B moves with this initial velocity under the action of -

and initial condition
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S; and S, (while washer D goes parting from A4).

5) Motion of B after 171°
In this case we use eq. (8).

2, = 9.85 mm (from diagram)

Ve = 1130 mm/s
Seeing the plotted curve we know that about 30° after blowing hammer B
(and D) reaches to the lower extrimity and rising up again, at 6 = 235°
strikes against A. ’

Velocity of this position is

V. = — 1685 mm/s
Here after having this velocity as initial velocity, blowing hammer B rises
up resisting compressive force of S;.

6) Motion of B after § = 235° (working S, only)

V=V, = — 1685 mm/s

2, = 6.1 mm (from diagram)
Using eq. (11), (12) in this case 15° after (at 6 = 250°) blowing hammer B
strikes on C. Accordingly, as the starting position was 6 = 260°, so at the
end of one cycle the blow takes place by enough 10° before the starting
position.

Then velocity is

V= —1412mm/s.

Thus B does not return to the initial state. As mentioned above, in the

arrangement it is far from the condition one cycle for one blow and there
is a grat deal of complexity about the state of motion.

§5. Condition of Stability

Now we must consider the condition to get continous blowing and
stable vibration. Firstly, restitution must be done instantaneously. This
condition is satisfied by using elastic body (metatal). Secondly, one blow
for one cycle must be done and each displacement-time curve (z—t curve)
for one cycle must be equal. To satisfy this condition, blowing hammer B,
after restitution going down and rising up again, must strike against C
just after 360°; and the velocity of this position must be equal to V;. As
equation (8) shows simple harmonic motion, however, the velocity when B
strikes against C rising up again is equal to the initial velocity. While by
restitution the next initial velocity is multiplied by %2, where 2 is smaller
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~ than 1. So, even if the period of spring side and crankside is equal,
equalty of velocity can not be obtained. Namely, exactly fitted condition
can not be obtained in this arrangement. So by graphical methods’ we
get to the purpose approximately. We denote by X and Y the displacement
curve of blowing hammer B andvnut A respectively. Broken line in Fig.
3 shows an example of the case z, = 0.

We. take a = A/Eiw properly so that upward part of X touches on

the lower part of Y (point P in the Figure) with an easy grade. The
position of point P must be taken to take off the action of spring S,.
After this point B goes down with an easy grade by the action of S, only.
While washer D, pressed on nut 4 by spring S,, rises up again and
encounter B at point @. From this point B rises up along Y curve. Thus
the motion accords with initial state. : ‘ |

Even if the conditions change more or less, in the above mentioned
range the motion is properly regurated, or stability of phase can be
obtained. ' '

§6. Summary

The state of motion of the blowing hammer under given condition
was found and obtained the way how to get the condition. of one cycle
for one blow. . \ ]

’ (Received October 30, 1950.)
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On the Foundary Sand in Hokkaido (Rept. L)

Kazuyuki Kikuchi

Abstract

By the same method as AF.A., the author measured the permeability and porosity of
the casting sand used in Hokkaido which is the main factor deteymining its usefulness.
And then, discussed the results comparing with available sands in Japan.

The author aims to investigate the property of sand and improve its quality, in such a
way as to find the superior one.
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Fig. 1. FEES fnhisi 270 LR 3.63 32.11 3.68 1.50
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O AR EEIE 30~50 mesh TE Sub-Angular %34 {, 70~100 mesh.T}% Sub-Crystallin-e type
DHDBL N,
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2) P. G. H. BoswrrL: “A Memoir on British Resources on Refractory Sand for Foumaces and
Foundary Purposes” Past I.
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KGO E [ b M OBHEIC & 3 BRECOWTERL%, |

KAORANCOWTIE, BB 200 gr. LD 105+ 5°C QT TRIHRL, e
HEFRE LT 5%, 8%, 10%, 12%, 14%, 16% oK ki 2, HHPABFCANT24H
BB L TR E L, BBHH0KFOMECOWT R ERMTHROBEREL AT L,

2 BER#HR ~ E

LRORBE AV, KFOLLEC & BBRIEORL, % E»EHIC X 2 BREORL
LR LI L 2 ROFER LA,

a) KA k 2 BREOEL :

EAFHCOWTHEFED AL ZhEN 2 3, 4, 6 @& LKS & BRE L OMRERL
%o EOMMER 3KE X UH 2~5 BICTT, LT

B3IKx HXAFTHcBITIAKE
pe TR P: msEhH

R o % '
e oy g s | wmwe | mRAR | muEw
il W F @ » W B -
o 2|3 (4(6|2|38|4]6|2|3|4|6]|2|3[4]c%s
%
5 n 82| 69| 59| 5.4[10.8 7.6| 59| 50|25.4|15.5|13.9|11.4]102| 95| 87| 8.2
P 7.1 7.6| 8.0| 82| 62| 7.3| 8.0| 8.4] 35| 5.0 54| 6.0] 64| 66| 6.7| 7.1l
8 7 | 133 105| 9.3 8.2 133 114| 95| 7.9]36.6|29.6|20.6|18.1|15.9|12.2| 45| 8.7
P 55| 63| 67| 9.1] 55| 6.0/ 6.6| 7.2] 26| 3.1| 4.1| 45| 49| 58| 6.6| 6.7
10| £ |16.9|145/12,9| 114121.3|19.9|18.7|15.6]142.3|38.4|30.8|24.56]122.0| 18.1| 156.9 | 13.7
P 47| 52| 56| 60| 4.0 42| 44| 5.1) 23| 25 3.0 3.6] 39| 45| 49| 5.4
12| # [120]18.11156918.7/19.2|15.0| 12.9| 10.2| 470 | 42.3| 36.6 | 30.8 | 32.1| 24.5 20.6| 16.4
P 39| 45| 49| b4| 43| 51| 56| 64| 2.1| 23| 26| 30| 29| 36| 4.1| 48
14| # |206| 164 1{4.1 11.8]169| 13.3| 114} 8.4]47.0,40.3| 36.6 28.4| 36.6 | 29.6 | 25.4 | 20.6
P 4.1 4.8| 5.3 69| 47| 66| 6.0 7.0| 2.1| 24| 26| 3.2|.26| 3.L| 35| 4.1
16| # |1641133 114| 9.5|15.0|11.8| 9.9/ 6.6]44.6|33.4|33.5)26.4]|35.0|27.3(23.6| 18.7
P 48| 65| 6.0/ 6.6] 5.0 59| 6.6 T7.T7| 22| 25| 28| 34| 27| 3.3 37| 44

3

3) Transactions, American Foundrymen’s Association. Vol. 31, p. 689, 1924.
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