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, 

m
e
c
h

a
n

ic
a
l 

s
tr

e
n

g
th

, 
a
n

d
 

a
n

o
d

e
 

c
o

n
su

m
p

ti
o

n
. 

D
a
ta

 
fr

o
m

 
th

e
 
p

e
ri

o
d

 
sh

o
w

s 
th

a
t 

c
o

n
su

m
p

ti
o

n
 
d

e
c
re

a
s
e
s
 

a
t 

th
e
 
r
a
te

 
o

f 
0

.4
%

 
p

e
r 

0
.0

1
 

g
/c

m
3

 
in

c
re

a
s
e
 
in

 
c
o

k
e
 

b
u

lk
 

d
e
n

s
it

y
 

(C
o

ll
ie

r 
m

e
th

o
d

),
 

1
.5

%
 
p

e
r 

1%
 

in
c
re

a
s
e
 
in

 
b

in
d

e
r,

 
a
n

d
 

2
.7

%
 

p
e
r 

1
0

0
 

k
g

/c
m

2
 

in
c
re

a
s
e
 
in

 
fo

rm
in

g
 
p

re
s
s
u

re
. 

2
. 

C
h

an
g

e 
in

 
p

e
rc

e
n

ta
g

e
 
b

u
tt

s
 

T
h

e 
b

in
d

e
r 

re
q

u
ir

e
m

e
n

t 
te

s
t 

d
e
v

e
lo

p
e
d

 
b

y
 

A
lc

a
n

 
is

 
th

e
 

a
m

o
u

n
t 

o
f 

b
in

d
e
r 

re
q

u
ir

e
d

 
to

 
p

ro
d

u
c
e
 

0
.0

2
 

g
/c

m
2

 
o

f 
p

a
c
k

in
g

 
c
o

k
e
 

a
d

h
e
ri

n
g

 
to

 
th

e
 

b
a
k

e
d

 
a
n

o
d

e
 
s
u

rf
a
c
e
. 

T
h

e 
e
s
ti

m
a
te

d
 
b

in
d

e
r 

re
q

u
ir

e
m

e
n

t 
d

e
c
re

a
s
e
d

 
a
t 

th
e
 
ra

te
 
o

f 
0

.1
2

 
%

 f
o

r 
e
a
c
h

 
0

.0
1

 
g

/c
m

3
 

in
c
re

a
s
e
 
in

 
th

e
 
C

o
ll

ie
r 

d
e
n
s
i
t
~
 

o
f 

th
e
 
f
il

le
r
 

c
o

k
e
. 

H
e
n

c
e
, 

w
e 

m
u

st
 

k
e
e
p

 
in

 
m

in
d

 
th

a
t 

w
id

e
 
v

a
ri

a
ti

o
n

s
 

in
 

th
e
 

b
u

lk
 
d

e
n

s
it

y
 

o
f 

th
e
 
c
a
lc

in
e
d

 
c
o

k
e
s 

c
a
n

 m
ea

n
 

la
rg

e
 
v

a
ri

a
ti

o
n

 
in

 
p

ro
d

u
c
ti

o
n

 
c
o

n
tr

o
l.

 
S
i
m
i
l
a
r
!
~
 

w
e 

h
a
v

e
 

fo
u

n
d

 
th

a
t 

in
c
re

a
s
e
s
 
in

 
th

e
 
q

u
in

o
li

n
e
 

in
s
o

lu
b

le
s
 

in
 

th
e
 
p

it
c
h

 h
a
v

e
 
n

e
c
e
s
s
it

a
te

d
 

a
n

 
in

c
re

a
s
e
 
in

 
b

in
d

e
r 

re
q

u
j 

m
e
n

t.
 

T
h

is
 

h
a
s 

re
s
u

lt
e
d

 
in

 
im

p
ro

v
e
d

 
m

e
c
h

a
n

ic
a
l 

s
tr

e
n

g
th

 
a
n

d
 

Y
o

u
n

g
's

 
m

o
d

u
lu

s 
b

u
t 

n
o

t 
s
ig

n
if

ic
a
n

tl
y

 
d

if
fe

re
n

t 
b

a
k

e
d

 
a
n

o
d

e
 

c
o

n
su

m
p

ti
o

n
 

a
s 

sh
o

w
n

 
in

 
T

a
b

le
 

V
. 

3
. 

E
ff

e
c
t 

o
f 

b
a
k

in
g

 
te

m
p

e
ra

tu
re

 

P
re

s
s
e
d

 
a
n

d
 
v

ib
ra

te
d

 
te

s
t 

e
le

c
tr

o
d

e
s
 

m
ad

e 
w

it
h

 
1

5
.5

 

29
9 

a
n

d
 

1
7

 
w

t 
%

 b
in

d
e
r 

a
n

d
 

b
a
k

e
d

 
a
t 

9
0

0
, 

1
0

0
0

, 
a
n

d
 

ll
0

0
°
C

, 
d

id
 
n

o
t 

sh
o

w
 

a
n

y
 
s
ig

n
if

ic
a
n

t 
c
h

a
n

g
e
 

in
 

b
a
k

e
d

 
d

e
n

s
it

y
 

w
it

h
 
in

c
re

a
s
in

g
 
b

a
k

in
g

 
te

m
p

e
ra

tu
re

 
b

u
t 

sh
o

w
ed

 
a 

s
ig

n
if

ic
a
n

t 
d

e
c
re

a
s
e
 

in
 
e
le

c
tr

ic
 
r
e
s
is

ti
v

it
y

. 
B

e
n

d
in

g
 

a
n

d
 

c
o

m
p

re
ss

iv
e
 

s
tr

e
n

g
th

s
 

w
e
n

t 
th

ro
u

g
h

 
a 

m
ax

im
um

 
a
t 

1
0

0
0

°C
. 

Y
o

u
n

g
's

 
m

o
d

u
lu

s 
fo

ll
o

w
e
d

 
th

is
 

tr
e
n

d
 
fo

r 
th

e
 
v

ib
ra

te
d

 
e
le

c
tr

o
d

e
s
 

b
u

t 
th

e
 
p

re
s
s
e
d

 
e
le

c
tr

o
d

e
s
 

m
ad

e 
w

it
h

 
1

5
.5

%
 
b

in
d

e
r 

sh
o

w
ed

 
a 

d
e
c
re

a
s
e
 
w

it
h

 
in

c
re

a
s
in

g
 
b

a
k

in
g

 
te

m
p

e
ra

tu
re

. 
T

h
e 

p
re

s
s
e
d

 
e
le

c
tr

o
d

e
s
 

m
ad

e 
w

it
h

 
17

%
 

b
in

d
e
r 

h
a
d

 
n

e
a
rl

y
 
th

e
 

sa
m

e 
Y

o
u

n
g

's
 

m
o

d
u

lu
s 

fo
r 

b
a
k

in
g

 
te

m
p

e
ra

tu
re

s
 

o
f 

9
0

0
 

a
n

d
 

l0
0

0
°C

 
b

u
t 

h
a
d

 
a 

s
h

a
rp

 
d

e
c
re

a
s
e
 

o
n

 
b

a
k

in
g

 
to

 
1

1
0

0
°C

. 
In

 
p

re
v

io
u

s
 

w
o

rk
(2

) 
i
t
 w

as
 

sh
o

w
n

 
th

a
t 

th
e
re

 w
as

 
a 

s
ig

n
if

ic
a
n

t 
d

e
c
re

a
s
e
 

in
 

b
a
k

e
d

 
a
n

o
d

e
 

c
o

n
su

m
p

ti
o

n
 
o

f 
3%

 
p

e
r 

1
0

0
o

c
 
in

c
re

a
s
e
 
in

 
b

a
k

in
g

 
te

m
p

e
ra

tu
re

 
o

v
e
r 

th
e
 
b

a
k

in
g

 
te

m
p

e
ra

tu
re

 
ra

n
g

e
 

o
f 

1
1

0
0

 
to

 
1

2
5

o
o

c
. 

A
s 

th
e
 

b
a
k

e
d

 
a
n

o
d

e
 
c
o

n
s
is

ts
 

o
f 

b
u

tt
s
, 

c
a
lc

in
e
d

 
p

e
tr

o


le
u

m
 

c
o

k
e
 

a
n

d
 
p

it
c
h

 
c
o

k
e
 

w
h

o
se

 
th

e
rm

a
l 

a
n

d
 
m

e
c
h

a
n

ic
a
l 

p
ro

p
e
rt

ie
s
 

a
re

 
d

if
fe

re
n

t 
i
t
 

c
a
n

 
b

e
 
re

a
li

z
e
d

 
ju

s
t 

ho
w

 
d

if
f
ic

u
lt

 
a
n

 
o

p
e
ra

ti
o

n
 
i
t
 
is

 
to

 
p

ro
d

u
c
e
 

a 
s
a
ti

s
fa

c
to

ry
 

p
re

b
a
k

e
d

 
a
n

o
d

e
. 

O
b

v
io

u
s 

c
o

m
p

ro
m

is
e
s 

h
a
v

e
 

to
 
b

e
 

a
c
h

ie
v

e
d

 
to

 
g

iv
e
 

a
n

 
a
n

o
d

e
 

a
c
c
e
p

ta
b

le
 
to

 
th

e
 

re
d

u
c
ti

o
n

 
p

ro
c
e
s
s
 

fr
o

m
 
b

o
th

 
o

p
e
ra

ti
o

n
a
l 

a
n

d
 

e
c
o

n
o

m
ic

 
a
s
p

e
c
ts

. 
W

h
at

 
w

e 
h

a
v

e
 

d
o

n
e
 
in

 
th

e
 

la
b

o
ra

to
ry

 
is

 
to

 
e
m

p
h

a
si

z
e
 

a
re

a
s
 
o

f 
c
o

n
c
e
rn

 
in

 
th

e
 

ra
w

 
m

a
te

ri
a
ls

 
a
n

d
 
in

 
th

e
 

p
ro

d
u

c
ti

o
n

 
o

f 
th

e
 

a
n

o
d

e
. 

F
ro

m
 
th

e
s
e
 

fi
n

d
in

g
s
, 

w
e 

c
a
n

 m
ak

e 
a 

g
o

o
d

 
e
s
ti

m
a
te

 
o

f 
th

e
 
re

la
ti

v
e
 
d

if
fe

re
n

c
e
s
 

in
 

th
e
 
p

ro
p

e
rt

y
 

v
a
lu

e
s
 
o

f 
p

re
s
s
e
d

 
a
n

d
 
v

ib
ra

te
d

 
a
n

o
d

e
s 

p
ro

d
u

c
e
d

 
fr

o
m

 
d

if
fe

re
n

t 
c
o

k
e
s 

to
 
g

iv
e
 
w

h
a
t 

w
e 

w
o

u
ld

 
c
o

n
s
id

e
r 

th
e
 
b

e
s
t 

a
n

o
d

e
. 

W
he

n 
p

o
s
s
ib

le
, 

w
e 

w
o

u
ld

 
c
h

o
se

 
a 

h
ig

h
 
b

u
lk

 
d

e
n

s
it

y
 

c
o

k
e
 

to
 

a
c
h

ie
v

e
 

th
e
 
b

e
s
t 

p
o

s
s
ib

le
 
re

s
u

lt
s
 

in
 
s
e
rv

ic
e
. 

P
a
rt

ic
u

la
r 

a
d

v
a
n

ta
g

e
s 

fr
o

m
 
th

is
 

a
re

 
th

a
t 

w
e 

w
o

u
ld

 
h

a
v

e
 

a 
lo

w
e
r 

b
in

d
e
r 

re
q

u
ir

e
m

e
n

t,
 

s
ig

n
if

ic
a
n

tl
y

 
lo

w
e
r 

e
le

c
tr

o
ly

ti
c
 

c
o

n
su

m
p

ti
o

n
, 

a
n

d
 

a 
lo

w
e
r 

th
e
rm

a
l 

g
ra

d
ie

n
t 

th
ro

u
g

h
 
th

e
 

a
n

o
d

e
 

d
u

e
 

to
 

a 
h

ig
h

e
r 

th
e
rm

a
l 

c
o

n
d

u
c
ti

v
it

y
 

(1
5

 
to

 
2

0
%

),
 

h
e
n

c
e
 

a 
re

d
u

c


ti
o

n
 
in

 
th

e
rm

a
l 

s
tr

e
s
s
. 

P
ro

p
e
rt

ie
s
 

o
f 

P
ro

d
u

c
ti

o
n

 A
n

o
d

es
 

T
a
b

le
 

V
I 

sh
o

w
s 

ty
p

ic
a
l 

p
ro

p
e
rt

ie
s
 

o
f 

p
re

b
a
k

e
d

 
c
a
rb

o
n

s 
d

e
te

rm
in

e
d

 
o

n
 
c
o

re
 
o

r 
s
la

b
 

sa
m

p
le

s 
o

f 
a
n

o
d

e
 

b
lo

c
k

s
. 

F
ro

m
 
th

e
 
re

s
u

lt
s
 

o
b

ta
in

e
d

 
o

n
 

p
ro

d
u

c
ti

o
n

 
a
n

o
d

e
s 

d
u

ri
n

g
 

th
is

 
w

o
rk

, 
th

e
 

fo
ll

o
w

in
g

 
o

b
s
e
rv

a
ti

o
n

s
 

c
a
n

 
b

e
 

m
ad

e:
 

E
ff

e
c
t 

o
f 

P
ro

c
e
s
s
in

g
 
V

a
ri

a
b

le
s
 

o
n

 
A

n
o

d
e 

P
ro

p
e
rt

ie
s
 

1
. 

A
g

g
re

g
a
te

 
s
iz

e
 
d

is
tr

ib
u

ti
o

n
 

a
n

d
 
b

in
d

e
r 

c
o

n
te

n
t 

G
e
n

e
ra

ll
y

,a
 
c
o

a
rs

e
r 

a
g

g
re

g
a
te

 
a
n

d
 
h

ig
h

e
r 

b
in

d
e
r 



=
=

Cb
o~

ou
cs

 w
@

C
S8

D
0
=

=
=

=
=

=
=

=
=

=
=

 
Fr

om
 L

ig
h

t M
et

al
s 

19
75

, R
ud

y 
R

en
ts

ch
, E

di
to

r 

c
o

n
te

n
t 

g
iv

e
 

s
u

p
e
ri

o
r 

p
h

y
s
ic

a
l 

a
n

d
 

th
e
rm

a
l 

p
ro

p
e
rt

ie
s
. 

I
t
 

sh
o

u
ld

 
b

e
 

e
m

p
h

a
si

z
e
d

 
th

a
t 

fo
r 

e
a
c
h

 
ty

p
e
 

o
f 

c
o

k
e
 

a
n

d
 

a
g

g
re

g
a
te

 
s
iz

e
 
d

is
tr

ib
u

ti
o

n
 
th

e
re

 
is

 
a
n

 
o

p
ti

m
u

m
 
b

in
d

e
r 

le
v

e
l.

 
F

o
r 

b
in

d
e
r 

c
o

n
te

n
ts

 
a
b

o
v

e
 
th

is
 
v

a
lu

e
, 

p
ro

p
e
rt

ie
s
 

d
e
te

ri
o

ra
te

 
a
n

d
 

a
n

o
d

e
 

p
e
rf

o
rm

a
n

c
e
 
is

 
a
d

v
e
rs

e
ly

 
a
ff

e
c
te

d
. 

2
. 

C
o

k
e 

so
u

rc
e
 

T
h

e 
e
f
f
e
c
t 

o
f 

c
o

k
e
 

so
u

rc
e
 
is

 
v

e
ry

 
p

ro
n

o
u

n
c
e
d

 
o

n
 

m
e
c
h

a
n

ic
a
l 

p
ro

p
e
rt

ie
s
. 

S
tr

e
n

g
th

 
o

f 
th

e
 
b

lo
c
k

s 
in

c
re

a
s
e
s
 

w
it

h
 

in
c
re

a
s
in

g
 

c
o

k
e
 
b

u
lk

 
d

e
n

s
it

y
. 

E
v

en
 
a
t 

o
p

ti
m

u
m

 
b

in
d

e
r 

le
v

e
l,

 
c
o

k
e
s 

o
f 

lo
w

e
r 

b
u

lk
 
d

e
n

s
it

y
 
g

iv
e
 

lo
w

e
r 

c
o

m
p

re
ss

iv
e
 

a
n

d
 
te

n
s
il

e
 

(b
e
n

d
in

g
) 

s
tr

e
n

g
th

. 

3
. 

B
u

tt
 

an
d

 
o

th
e
r 

a
n

o
d

e
 

re
c
y

c
le

 

C
o

a
rs

e
 

a
n

o
d

e
 
b

u
tt

s
 

a
n

d
 

b
a
k

e
d

 
a
n

o
d

e
 

s
c
ra

p
 

c
a
n

 
b

e
 

u
se

d
 

u
p

 
to

 
50

%
 

in
 w

e
ig

h
t 

in
 
p

re
b

a
k

e
d

 
a
n

o
d

e
 

a
g

g
re

g
a
te

 
w

it
h

o
u

t 
a
n

 
a
d

v
e
rs

e
 
e
ff

e
c
t 

o
n

 
p

h
y

s
ic

a
l 

p
ro

p
e
rt

ie
s
. 

A
s 

w
o

u
ld

 
b

e
 

e
x

p
e
c
te

d
, 

a
t 

h
ig

h
 

le
v

e
ls

 
o

f 
b

u
tt

 
a
d

d
it

io
n

 
a 

p
e
n

a
lt

y
 

m
u

st
 

b
e
 

p
a
id

 
in

 
te

rm
s 

o
f 

e
le

c
tr

o
ly

ti
c
 

c
o

n
su

m
p

ti
o

n
 

a
n

d
 
a
ir

 
o

x
id

a
ti

o
n

. 
I
t
 
is

 
in

te
re

s
ti

n
g

 
to

 
n

o
te

 
th

a
t 

50
%

 
b

u
tt

s
 

w
h

en
 
fi

n
e
ly

 
g

ro
u

n
d

 
a
n

d
 

a
d

d
e
d

 
to

 
th

e
 

a
g

g
re

g
a
te

 
g

a
v

e
 

p
o

o
r 

r
e
s
u

lt
s
. 

4
. 

D
e
g

re
e
 

o
f 

c
o

m
p

a
c
ti

o
n

 

C
o

m
p

a
ri

so
n

 
o

f 
p

ro
d

u
c
ti

o
n

 
a
n

o
d

e
s 

m
ad

e 
b

y
 
p

re
s
s
in

g
 

a
n

d
 
v

ib
ra

ti
n

g
 

m
ix

e
s 

o
f 

th
e
 

sa
m

e 
c
o

m
p

o
si

ti
o

n
 

sh
o

w
ed

 
th

a
t 

th
e
 
d

e
n

s
it

y
, 

m
e
c
h

a
n

ic
a
l 

s
tr

e
n

g
th

, 
a
n

d
 

Y
o

u
n

g
's

 
m

o
d

u
lu

s 
a
re

 
lo

w
e
r 

in
 
th

e
 
v

ib
ra

te
d

 
a
n

o
d

e
s 

a
n
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TAf'U: IV 

EFFI:CT OF COKE SOURCe AIID BI:lDER CO!I!Et·fT ON TI-lE PHYSICAL AND THERMAL 
PROP!ORTIES OF LP.BORATORY VIBR.'\TED Al:O PRESSED PRI:&Ai<lW ANODES 

COKE SOURCJ:; I COKE 1 ! 
Coke bulk density a/cm3 I 0.881 
Coke porosity % 26.6 
Binder !>t % 14.0 15.5 17.0 
Green app. density, g/cm3 V* 1.449 1. 48~ 1.551 

J?* 1. 520 1. 567 1.589 
Baked app· •. densl. t~·, g/cm~ v 1.404 l. 434 1.489 

p 1. 473 1. 501 1.506 
Binder coke y~eJ.<t, "t % v 10.6 ~ 67.2 

p 66.4 67.0 
Volume change on baking % v 2.47 -1.54 

p -1.01 -0.32 
Porosity % "l 30.8 ~';j.4 

p 27.5 26.3 
Al.r permeab11~ty, crn~jsec v 24/. u :51.5 

!' 25.2 9 . 7 
Resl.St1Vlty, Io-4 ohm eM 

~I ~= ~~ 
Beno~ng strengtn, !BSJ· Rg/cm~ v 3/.3 

~~:: p 43.6 
Young•s modULUS, {Y:•I) 10 J~g/cm" v 

~~:~ ~~:~ " BS:nt X 10-~ v 0 . ~~ ?-BB 
p 0.87 1.05 

Total strun at tluJ.ure X J.U-J v l. . V~ v.,.. 
I' 0.96 1.19 

Compressive strengt~, cm< v <U" 290 
p 268 357 

Thermal conductlv~ty, ll'jmOC v 3.58 4.09 
p 3.2l 3.66 

Coff. of thermal exp., 1o-c;-::-c v 3.92 J.H 
p 3.94 4.37 

Thermal shock, seconds " 38.6 30.4 
p 43.3 32.8 

Thermii1 stress resistance, v 0.867 O.'H4 
~R) X 103 p 0.709 0.879 
~ax. 

• s i~~~n ~~~~~2' v 17.65 17.40 
IF. I p 19 .01 34.77 

---~···--··--------. -· 
00 OONlf"'O 

~: I.{)Cl •MO • •Nr-1-=::t' 
~- O['LI")O • •0\0 • • • 
~ Mr-IU1U1rl<o::t'N...-I,......jO...-i 
..:I 
0 I I I I I I I I I I I 
<>: 
E··: 0 0 a 0 L..Ci r-1 0 0 0 N o::J 
til Olf"'LO •N • • •NO • 

-~- 1-~ ~-~ rl =~=~" ~ 

H 
H 

- O~OOO'"'=f!OC 
Oll) •00 • • •MNCO 

t:t; ....-lt"'"--00 ·~.-ff'- •••. 
l';;f! r-l r-1 Lr'JI..Or--lr-1 Mr-1 r-IO C.) 
[-< 
I 

..:I 

~ 
u 

;:: 
(!) 
H 
<>: 
0 

I I I I I I I I I I I 

l{)lf"'lOOrlOOONlOO 
0\0~ •00 •MOU'l 
r-1 r--1 0'1 • 0 ""0"1 

Ll"'.----Jr-INr--lrlOO 

66.9 
-l.G2 
-0.54 
<!b.t 
26.5 
<!U.:l 
8.5 

~~ 
;~:~ 
67.2 
71.9 
1.06 
1.01 
1.14 
1.14 
441 
358 
4.94 
4.52 
3.78 
4.03 
50.2 
45.1 
1.Ja5 
1-166 
.l . 3, 
38.60 

H 
H 
H 

~l 
..:I 

~ 
E·l 

I 
I 
I 

18.5 
1.625 
1.614 
1.513 
1.482 
67.3 
65.6 
.,.Q.93 
-.1.14 
:l~-~ 
27.9 

t~:3 
~~ 
70.5 
70.1 
64.6 
1.11 
1.09 
1.20 
1.16 
393 
406 
4.38 
4 . 26 
4. 33 
3.72 
46. 4 
51.2 
1.1;(3 
1.248 
4J.()~ 

33.47 

COI:E 2 

0.822 
32.2 

14.0 15.5 17.0 
l. 370 1.414 1.471 
1. 528 1.550 1.578 
l. 318 1.364 l. 412 
1. 476 1.469 1.491 
70.6 68.1 68.4 
67.5 63.3 65.3 
-0.33 -1.40 -I. 20 
-1.20 -1.10 -0.72 
.lS.J. .l:l.b .SU.4 
27.4 27.4 26.7 

~~~ iu ~~~4u ~:~o u 
~_j ~" b~ 

80 61 54 
Ll! • .L ""·u ;~:~ 44.2 61.6 
22.4 34.0 49.3 
52.8 62.4 73.8 
0.90 0.85 0.95 
0.84 0.99 1.07 
0.95 0.98 1.02 
0. 9 3 1.08 1.16 
147 192 332 
277 330 383 
3.01 3.51 3 . ~3 
3. 74 4.06 4.06 
3.52 3.8~ 4.04 
4.06 4.92 3.83 
32.6 32.4 30.8 
33.7 35.2 33.0 
0. 770 0. 775 0.901 
0.770 0.817 1.134 
,.02 l:/.38 23.20 
1e.so 27.68 42.29 

COLO M U1 r-1 N · N 0 
r-IM'I::f'\Or"--000 

rl 

M<o::rooooooo 
•+..-JN-=1"000 

+ + ·t .-INN 
> + I 

8.5 
1. 539 
1. 593 
1.467 
1.489 
69.4 
65.3 
-1.09 
-0.55 
t • I 
27.5 

f~:~ 
~~ 
69.8 
77.0 
68.1 
74.8 
l. 02 
1. 03 
1.01! 
1. 09 

:;~ 
4.4~ 

4.49 

~:~~ 
!L! 
l. 483 
0.980 
35.17 
39.68 



TABLE V 

EFFEC'i' OF P I TCH SOURC:O Ol\ TBS ~' ELECTRODE: PROPERTI ES 

SOURCE Coal Tar 
QI = 14.5 % QI = 18.1 % 

Binder content % 15.6 !.6.2 

Green apparent dens ity gjcm 
3 

1. 582 1. 591 

Baked apparent density g/cm 
3 1. 49 7 1 . 511 

Apparent binder coke yield % 68 .6 69.6 

Vol. change on baking 

Calculated porosity 

.A..ir perme ability 

E l ectrical resistivity 

Comp ressive st r e ng th 

Bendi ng str e ngth 

You n g 1 s modu lus (bending) 

BS/YH ratio X lo - 3 

Total stra in X 10- 3 

Thermal shock 

Air oxidation rate 

Anode consumption 

Coke b ulk densi tv g/cr.t 3 

Cok e poros i tv % 
Binder \'Jt % 

I 

~:·;-re en app . density, g / cm3 

··-daked a p p. d enf: i ty, g/cm3 

r BinCer coke y ield , 1·Tt % 

r·-~. ;CllUIT~e-C'Fia'ng e on baki ng % 

j c ;~. rosity % 
, __ 
·Ai r re rmeability , em- /sec 

' ~~qe~Sistivity, 10 ·4 ohm em 

j. 
j Be nding stre ngth, (BS) kg/cmL 

V*' 

P*i 
Vi 
p : 

~~ 
v 
p 
v 

~! 
I 

PI 

~I 
~~ 

~ 

! Yo u ng ' s modulus (Y:·1 ) 10 j kg/ em< ~I 
; 

BS :Yl'l X 10- j 
~I l '~'otal s t ~a in at f a i l ure X 1o - 3 ;, I 
P! 

i Comp r e ss 1 v e stre ng th, kg/em" Vi 
I pi 

I 
Thermal conduc tivity, 1·i/moc V • 

p i 
j Coeff . of thermal exr., 1 o·o; oc v, 

PI 
j The r mal sho ck, seconds 

~I 
I The rmal stress r e s istance, V • 

(R ) X 103 P! 
/ i:·1ax . stra in e nerov , V j 

(E ) X 10-3 kq/c~L PI 

! *V and p denote v ibrated and p ress e 
**Coke 4 is a 1: 1 mix ture nz weight 

% H.J 0 

% 27.1 26 . 6 

cr.
2
;s 6 .4 7. 2 

10- 4 
QCr1 7l 69 

kg/em 
2 

252 393 

kgjcm 2 62 . 3 78.5 

lo\.:g/cm 
2 

70 . 6 9 4. 6 

0.88 0 . 85 

1. 06 1.01 

(time) · s 35 . 6 34 .1 

g/cm 
2 

h 0.1 03 0.109 

% 115.0 116.4 

'l'ABLE IV {continued) 

COKE 3 

0 . 789 
30.4 

14 . 0 1 5 .5 17.0 18. 5 14.0 
1. 346 l. 363 1. 397 1. 4 76 1. 415 
1.5 19 1.51 4 l. 547 1 . 569 1.524 
1. 299 1 . 314 1. 35l 1.399 1. 3 70 
1. 4 7 0 1 .435 1.459 1.471 1. 4 76 
69 . 7 71 . 2 72 .2 67. 4 71.0 
6 6.6 61.1 63 . 0 66 .2 66.3 
- 0.66 -0.8 7 -l. 46 -l. OJ - 0 . 79 
-1.01 -0.96 -l. 38 -0.24 -1.45 
35.4 34.6 32.8 30. 3 32. 5 
27 .0 28.8 2 7. 9 27. 1 27.3 
321.7 300 . 0 26 ! . 0 132 . 5 267 .0 
21.9 23.5 13 . 9 l3 . 6 25.2 
1 0 7 95 78 67 80 
90 74 68 82 83 
15.6 19 .8 2 7. 8 51. 5 2fl . 8 
42.0 49 . 8 62.5 74 .4 43.2 
23. 1 27.2 32.5 58.7 33.8 
4 8 . 2 49.2 60.7 69 .6 51.3 
0.68 0.73 0 . 86 0.88 0.85 
0.8 7 l. 01 l. 03 l. 07 0.84 
0 . 87 0.88 0.94 0.9 8 0 .9 7 
l. 00 l. OS 1.13 1.1 4 0.9 5 
86 134 1 99 306 16 8 
2 77 2 72 322 3 8 4 29 7 
2.56 2.74 2 . 97 3.98 3.49 
3 . 38 3.43 3 .7 8 3.88 3. 30 
3.28 2.89 3.57 3.63 4.23 
4 .5 3 3.2 3 3. 0 7 2.80 3 . 7 1 
27.3 25.7 25.9 30.4 26.8 
33.3 35.9 33 . 8 45.1 37.3 
0.53 1 0 . 6 92 0 . 715 0.965 0.701 
0.6 49 1.073 l. 268 1.483 0.747 
5 .4 0 7.21 11.89 22.79 I 12.2 7 
18 . 32 25.28 30.45 41. OS 1 8 . 27 
electrodes respect1.ve y. 

o f Cokes 1 and 2. 

PetroleuM 
QI = 1.0 % 

14 .0 

1. 56 0 

1.465 

56.7 

-0. 80 

25.5 

20.5 

85 

180 

36 . 5 

61.0 

0.60 

0.85 

65.0 

0.120 . 

116.5 

COKI: 4 

0. 852 
29.4 

15.5 18.0 
1.462 1.529 
1. 548 1. 5 76 
1. 413 1. 471 
1 .485 1.507 
71.7 68.9 
6~.2 68 .1 
-l. 08 -1.1 2 
-1.26 -0 .68 
30.3 27. 5 
26 . 9 25.7 
248 .0 42.3 
20 . 7 12.4 
80 66 
70 64 
36. 8 62.8 
57 .2 7 3 . 2 
41.3 68.3 
60. 8 73.8 
0.89 0 . 91 
0 . 94 0.99 
1. 01 l. 06 
1.10 1.10 
246 4 20 
35 4 405 
4.28 4.33 
3.51 4 . 27 
3 . 70 3.45 
4.02 3.62 
26. 8 30 .2 
31.1 38.1 
l. 030 1 . 142 
0.821 1 . 168 
16.39 28.66 
26.92 36.64 

I 
~ 

I 
18.-5--
1. 622 
1. 599 
1. 50 3 
1.510 
63 . 0 
67 . 7 

I +2.33 
-n. 2 1 
25 . 9 ·I 

I 
2 5 .7 
16 . 5 
15.8 i 65 
61 i 77.8 
74.9 
77.6 
74.5 
1.00 
1. 01 
1.13 
1.10 
368 
463 
4. 34 
4.23 
3 . 9 7 
3 . 36 
44.1 
4 2. 8 
1.093 
1. 272 
39.10 
37 . 55 
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