
=
=

Cb
o~

ou
cs

 w
@

C
S8

D
0
=

=
=

=
=

=
=

=
=

=
=

 
Fr

om
 L

ig
h

t M
et

al
s 

19
84

, J
.P

. M
cG

ee
r,

 E
di

to
r 

CO
KE

R 
FE

ED
ST

O
CK

 
C

H
A

R
A

C
TE

R
IS

TI
C

S 
AN

D 
C

A
LC

IN
ED

 
CO

KE
 

PR
O

PE
R

TI
ES

 

P
.J

. 
R

he
de

y 
A

lc
an

 
In

te
rn

a
ti

o
n

a
l 

L
im

it
ed

 
K

in
g

st
o

n
 L

a
b

o
ra

to
ri

e
s 

K
in

g
st

o
n

, 
O

n
ta

ri
o

, 
C

an
ad

a 
K

7L
 

4Z
4 

A
b

st
ra

c
t 

S
.K

. 
N

ad
k

ar
n

i 
A

lc
an

 
In

te
rn

a
ti

o
n

a
l 

L
im

it
ed

 
A

rv
id

a 
L

a
b

o
ra

to
ri

e
s 

Jo
n

q
u

ie
re

, 
Q

ue
be

c,
 

C
an

ad
a 

G
7S

 
4K

8 

C
om

m
er

ci
al

 
d

el
ay

ed
 

co
k

er
 

fe
ed

st
o

ck
s 

an
d 

co
rr

es
p

o
n

d
in

g
 

g
re

en
 

co
k

es
 

w
er

e 
o

b
ta

in
ed

 
fr

om
 

fo
u

r 
re

fi
n

e
ri

e
s.

 
T

he
 

fe
ed

st
o

ck
 
m

a
te

ri
a
ls

 
w

er
e 

c
h

a
ra

c
t

e
ri

z
e
d

 
by

 
in

fr
a
re

d
, 

ch
ro

m
at

o
g

ra
p

h
ic

, 
an

d 
so

lv
en

t 
e
x

tr
a
c
ti

o
n

 
te

ch
n

iq
u

es
 

in
 

a
d

d
it

io
n

 
to

 
th

e 
co

n
v

en
ti

o
n

al
 

p
h

y
si

ca
l 

te
st

s 
an

d 
ch

em
ic

al
 

a
n

a
ly

se
s.

 
T

he
 

g
re

en
 

co
k

es
 

w
er

e 
ca

lc
in

ed
 

in
 a

 
la

b
o

ra
to

ry
 

in
d

u
c
ti

o
n

 
fu

rn
ac

e 
a
t 

11
00

, 
12

00
, 

13
00

 
an

d 
14

00
°C

. 
T

he
 

p
ro

p
e
rt

ie
s 

o
f 

th
e 

re
su

lt
in

g
 

c
a
lc

in
e
d

 
co

ke
s 

w
er

e 
re

la
te

d
 

to
 

th
e 

fe
ed

st
o

ck
 

c
h

a
ra

c
te

ri
st

ic
s.

 
T

he
 

re
su

lt
s 

in
d

ic
a
te

d
 

s
ig

n
if

i
c
a
n

t 
e
ff

e
c
ts

 
o

f 
th

e 
fe

ed
st

o
ck

 
m

a
te

ri
a
ls

 
w

hi
ch

 
sh

o
u

ld
 

be
 

ta
k

en
 

in
to

 
ac

co
u

n
t 

d
u

ri
n

g
 

th
e 

c
o

n
tr

o
l 

o
f 

co
m

m
er

ci
al

 
c
a
lc

in
a
ti

o
n

 o
p

e
ra

ti
o

n
s.

 

19
 

In
tr

o
d

u
c
ti

o
n

 

V
a
ri

a
ti

o
n

s 
in

 
th

e 
co

m
p

o
si

ti
o

n
 

o
f 

re
fi

n
e
ry

 
co

k
er

 
fe

ed
st

o
ck

s 
h

av
e 

si
g


n

if
ic

a
n

t 
e
ff

e
c
ts

 
on

 
th

e 
p

ro
p

e
rt

ie
s 

o
f 

e
le

c
tr

o
d

e
-g

ra
d

e
 

c
a
lc

in
e
d

 
p

et
ro

le
u

m
 

co
k

e.
 

In
 

a 
p

re
v

io
u

s 
p

ap
er

 
th

e 
e
ff

e
c
ts

 
on

 
co

ke
 

st
ru

c
tu

re
 

an
d 

b
en

ch
-s

ca
le

 
an

od
e 

p
er

fo
rm

an
ce

 
w

er
e 

d
is

cu
ss

ed
 

(1
).

 
T

h
is

 
p

ap
er

 
d

e
a
ls

 
w

it
h

 
th

e 
e
ff

e
c
ts

 
o

f 
fe

ed
st

o
ck

 
on

 
th

e 
p

ro
p

e
rt

ie
s 

o
f 

c
a
lc

in
e
d

 
co

ke
 

w
it

h
 

p
a
rt

ic
u

la
r 

em
p

h
as

is
 

o
n

 
th

o
se

 
p

ro
p

e
rt

ie
s 

w
hi

ch
 

ar
e 

p
re

d
o

m
in

an
tl

y
 

in
d

ic
a
ti

v
e
 

o
f 

th
e 

d
eg

re
e 

o
f 

c
a
lc

in
a
ti

o
n

. 

M
a
te

ri
a
ls

 

C
om

m
er

ci
al

 
co

k
er

 
fe

ed
st

o
ck

s 
an

d 
co

rr
es

p
o

n
d

in
g

 
g

re
en

 
d

el
ay

ed
 

co
k

es
 

w
er

e 
us

ed
 

fr
om

 
fo

u
r 

d
if

fe
re

n
t 

re
fi

n
e
ri

e
s.

 
A

 c
a
ta

ly
ti

c
 

cr
ac

k
er

 
sl

u
rr

y
 
o

il
 

an
d 

a 
c
o

a
l-

ta
r 

p
it

c
h

 
w

er
e 

in
cl

u
d

ed
 

fo
r 

co
m

p
ar

is
o

n
. 

T
he

se
 

tw
o 

m
a
te

ri
a
ls

 
w

er
e 

co
ke

d 
in

 
th

e 
la

b
o

ra
to

ry
 

u
n

d
er

 
a 

n
it

ro
g

e
n

 
at

m
o

sp
h

er
e 

a
t 

50
0°

C
 

to
 

o
b

ta
in

 
th

e 
co

rr
es

p
o

n
d

in
g

 
g

re
en

 
co

k
es

. 

T
he

 
fe

ed
st

o
ck

s 
ar

e 
d

es
ig

n
at

ed
 

as
 

fo
ll

o
w

s:
 

S
o

u
rc

e 

1 
V

ac
uu

m
 

T
ow

er
 

B
ot

to
m

 
2 

V
ac

uu
m

 
T

ow
er

 
B

ot
to

m
 

3 
V

ac
uu

m
 

T
ow

er
 

B
ot

to
m

 
4 

V
ac

uu
m

 
T

ow
er

 
B

ot
to

m
 

S
ym

bo
ls

 
U

se
d 

in
 

F
ig

u
re

s 
2 

an
d 

3 

0 • 6 
5 

C
a
ta

ly
ti

c
 

C
ra

ck
er

 
B

ot
to

m
 

• 0 
6 

C
oa

l 
T

ar
 

P
it

c
h

 
• 

E
x

p
er

im
en

ta
l 

F
ee

d
st

o
ck

s.
 

T
he

 
fe

ed
st

o
ck

s 
w

er
e 

c
h

a
ra

c
te

ri
z
e
d

 
by

 
el

em
en

ta
l 

a
n

a
ly

si
s,

 
d

e
n

si
ty

 
(2

),
 

v
is

c
o

si
ty

 
o

v
er

 
a 

ra
n

g
e 

o
f 

te
m

p
er

at
u

re
s 

u
si

n
g

 
a 

B
ro

o
k

fi
el

d
 

v
is

co
m

et
er

, 
co

ke
 

y
ie

ld
 

as
 

d
et

er
m

in
ed

 
by

 
th

e 
A

lc
an

 
co

k
in

g
 

v
al

u
e 

te
s
t,

 
a
sp

h
a
lt

e
n

e
s 

co
n

te
n

t 
(3

),
 

re
fr

a
c
ti

v
e
 

in
d

ex
 

(4
),

 
an

d 
in

fr
a
re

d
 

sp
ec

tr
o

sc
o

p
y

, 
u

si
n

g
 

a 
N

IC
O

LE
T 

70
00

 
se

ri
e
s 

FT
IR

 
sp

ec
tr

o
m

et
er

. 
T

he
 

in
fr

a
re

d
 

p
ar

am
et

er
s 

re
p

o
rt

e
d

 
w

er
e 

o
b

ta
in

ed
 

by
 

in
te

g
ra

ti
n

g
 

th
e 

a
re

a
 

u
n

d
er

 
th

e 
pe

ak
 o

f 
th

e 
sp

ec


tr
a
 

o
v

er
 

th
e 

67
0 

to
 

92
0 

cm
-1

 
w

av
e 

nu
m

be
r 

re
g

io
n

 
an

d 
m

u
lt

ip
ly

in
g

 
th

is
 

by
 

th
e
 

ab
so

rb
an

ce
 

u
n

it
s.

 
T

he
 

ar
o

m
at

ic
/n

o
n

-a
ro

m
at

ic
 

co
m

po
ne

nt
s 

w
er

e 
d

e
te

r
m

in
ed

 
by

 
s
il

ic
a
 g

e
l 

so
lv

e
n

t 
e
lu

ti
o

n
 

te
ch

n
iq

u
e 

(5
).

 

D
e
n

si
ty

-r
e
fr

a
c
ti

v
it

y
 

an
d 

d
e
n

si
ty

 
(r

e
fr

a
c
ti

v
it

y
 

s
it

y
 
a
t 

20
°C

, 
g/

m
L

) 
(6

).
 

fr
om

 
S

ay
b

o
lt

 
v

is
c
o

si
ty

 
a
t 

in
te

rc
e
p

t 
w

as
 

c
a
lc

u
la

te
d

 
fr

om
 

re
fr

a
c
ti

v
e
 

in
d

ex
 

in
te

rc
e
p

t 
~
r
e
f
r
a
c
t
i
v
e
 

in
d

ex
 

a
t 

20
°C

 
-Q

.S
 x

 
d

en


T
he

 
v

is
c
o

si
ty

-g
ra

v
it

y
 

c
o

n
st

a
n

t 
(V

G
C

) 
w

as
 

d
er

iv
ed

 
21

0°
F

 
an

d 
sp

e
c
if

ic
 

g
ra

v
it

y
, 

6
0

/6
0

°F
 

(7
).

 

G
re

en
 

C
o

k
es

. 
T

he
 

g
re

en
 

co
k

es
 

w
er

e 
an

al
y

se
d

 
fo

r 
v

o
la

 ti
le

 
m

at
te

r 
c
o

n
te

n
t,

 
ca

rb
o

n
, 

h
y

d
ro

g
en

, 
su

lp
h

u
r,

 
an

d 
v

ib
ra

te
d

 
b

u
lk

 d
e
n

si
ty

. 

C
al

ci
n

ed
 C

o
k

es
. 

To
 

o
b

ta
in

 
th

e 
c
a
lc

in
e
d

 
co

k
es

, 
g

re
en

 
co

k
es

 
(m

in
us

 
83

0 
p

lu
s 

42
0 

m
ic

ro
m

et
er

s,
 

20
 

x 
35

 
T

y
le

r 
m

es
h)

 
w

er
e 

c
a
lc

in
e
d

 
in

 
a 

la
b

o
ra

to
ry

 
in

d
u

c
ti

o
n

 
fu

rn
ac

e 
sh

ow
n 

in
 

F
ig

u
re

 
1 

a
t 

11
00

, 
12

00
, 

13
00

, 
an

d 
14

00
°C

. 
T

he
 

fu
rn

ac
e 

w
as

 
pu

rg
ed

 
w

it
h

 
n

it
ro

g
e
n

. 
T

he
 

h
ea

ti
n

g
 

ra
te

 
w

as
 

50
°C

/m
in

 
an

d 
th

e 

A. Tomsett and J. Johnson (Eds.), Essential Readings in Light Metals
© The Minerals, Metals & Materials Society 2016



=
=
C
b

o~
w
G
 w

@
G6

JD0
=

=
=

=
=

=
=

=
=

=
=

=
 

Fr
om

 L
ig

h
t M

et
al

s 
19

84
, J

.P
. M

cG
ee

r,
 E

di
to

r 

E
 0 "' 

V
A

LV
E 

V
A

LV
E 

an
 

.tm
 

m
J 

li
D

 
ST

EE
L 

FL
A

N
G

ES
 

ll
_

 

,b
jf 

V
O

LA
TI

LE
S 

O
U

TL
ET

 

:; .\~ 
tlij 

1-
11

11
41

r~
 

,i
\t

ht
~:

,:
 

b 
. 

-<~
~:~

~;~
~ 

JO
ll 

iJ
~ 

,,J
f 

·~
 I~ 1:~ r; :: ltol
 

G
R

A
PH

IT
E 

TU
BE

 

W
AT

ER
 

JA
C

K
ET

 

PT
 

PT
-1

0%
 

RH
 

TH
ER

M
O

CO
U

PL
ES

 

IN
SU

LA
TI

N
G

 
B

R
IC

K
S 

S
IL

IC
A

 
TU

BE
 

C
O

PP
ER

 
TU

B
IN

G
 

G
R

A
PH

IT
E 

C
R

U
C

IB
LE

 

C
A

LC
IN

ED
 

CO
KE

 

ST
EE

L 
RO

DS
 

1-
Y-

' 
J
l 

. _
_

_
 

II 
.L

 

d -
: =

 F3 
• 

m
m

o
c
n

w
 

F
ig

. 
1 

-
L

a
b

o
ra

to
ry

 
In

d
u

c
ti

o
n

 
F

u
rn

a
c
e
 

U
se

d
 

fo
r 

C
a
lc

in
a
ti

o
n

. 

20
 

h
o

ld
in

g
 

ti
m

e 
a
t 

th
e 

fi
n

a
l 

te
m

p
er

at
u

re
 

w
as

 
30

 
m

in
u

te
s.

 

O
ne

 
sa

m
p

le
 

o
f 

ea
ch

 
g

re
en

 
co

ke
 

w
as

 
a
ls

o
 

fl
a
sh

 
c
a
lc

in
e
d

 
(h

e
a
ti

n
g

 
ra

te
: 

ap
p

ro
x

im
at

el
y

 
1

0
0

0
°C

/m
in

) 
to

 
12

00
°C

 
in

 
a 

n
it

ro
g

e
n

 
at

m
o

sp
h

er
e 

an
d 

th
en

 
h

el
d

 
a
t 

th
is

 
te

m
p

er
at

u
re

 
fo

r 
30

 
m

in
u

te
s.

 

T
he

 
p

ro
p

e
rt

ie
s 

d
et

er
m

in
ed

 
on

 
c
a
lc

in
e
d

 
co

k
e 

w
er

e 
su

lp
h

u
r,

 
m

ea
n 

c
ry

s
ta

ll
it

e
 

th
ic

k
n

e
ss

 
by

 
X

-r
ay

 
d

if
fr

a
c
ti

o
n

 
m

et
h

o
d

, 
k

er
o

se
n

e 
d

e
n

si
ty

 
(m

in
us

 
40

 
m

ic
ro

m
et

er
s,

 
40

0 
T

y
le

r 
m

es
h)

 
an

d 
v

ib
ra

te
d

 
b

u
lk

 
d

e
n

si
ty

 
(m

in
us

 
83

0 
p

lu
s 

42
0 

m
ic

ro
m

et
er

s,
 

20
 

x 
35

 
T

y
le

r 
m

es
h

).
 

R
e
su

lt
s 

an
d

 D
is

c
u

ss
io

n
 

T
he

 
e
le

m
e
n

ta
l 

a
n

a
ly

si
s 

o
f 

th
e 

fe
e
d

st
o

c
k

s 
is

 
g

iv
en

 
in

 
T

ab
le

 
I.

 
S

o
u

rc
e 

3 
e
x

h
ib

it
s 

re
la

ti
v

e
ly

 
h

ig
h

 
su

lp
h

u
r 

c
o

n
te

n
t.

 
T

he
 

C
/H

 
at

o
m

ic
 

ra
ti

o
 

d
o

es
 

n
o

t 
re

v
e
a
l 

si
g

n
if

ic
a
n

t 
d

if
fe

re
n

c
e
s 

b
et

w
ee

n
 

fe
ed

st
o

ck
s 

1 
th

ro
u

g
h

 
4.

 
F

o
r 

so
u

rc
es

 
5 

an
d 

6 
it

 
is

 
in

 
ag

re
em

en
t 

w
it

h
 

v
al

u
es

 
ex

p
ec

te
d

 
fo

r 
sl

u
rr

y
 o

il
 

an
d 

c
o

a
l 

ta
r 

p
it

c
h

, 
re

sp
e
c
ti

v
e
ly

. 

O
th

er
 

p
ro

p
e
rt

ie
s 

a
re

 
g

iv
en

 
in

 
T

ab
le

 
I
I
.
 

O
f 

si
g

n
if

ic
a
n

c
e
 

h
er

e 
is

 
th

e
. 

lo
w

 
v

al
u

e 
o

f 
in

fr
a
re

d
 

p
ar

am
et

er
 

fo
r 

fe
e
d

st
o

c
k

 
2 

in
d

ic
a
ti

n
g

 
th

e 
lo

w
es

t 
nu

m
be

r 
o

f 
lo

w
 

m
o

le
cu

la
r 

w
ei

g
h

t 
b

en
ze

n
e 

ri
n

g
 

co
m

po
un

ds
 

(l
e
ss

 
th

an
 

5 
to

 
7 

ri
n

g
s)

 
fo

r 
th

is
 
m

a
te

ri
a
l.

 

T
he

 
re

su
lt

s 
o

f 
fu

rt
h

e
r 

c
h

a
ra

c
te

ri
z
a
ti

o
n

 
o

f 
th

e 
fe

e
d

st
o

c
k

s 
a
re

 
g

iv
en

 
in

 
T

ab
le

 
I
I
I
.
 

N
o

n
-a

ro
m

at
ic

 
an

d 
ar

o
m

at
ic

 
co

m
po

un
ds

 
a
re

 
re

p
o

rt
e
d

 
as

 
d

e
te

r
m

in
ed

 
by

 
ch

ro
m

at
o

g
ra

p
h

ic
 

se
p

a
ra

ti
o

n
 

u
si

n
g

 
s
il

ic
a
 

g
e
l 

a
b

so
rb

e
n

t 
an

d 
th

re
e
 

se
le

c
ti

v
e
 

so
lv

e
n

ts
: 

n
-h

e
p

ta
n

e
, 

b
en

ze
n

e,
 

an
d 

p
y

ri
d

in
e
. 

T
he

 
n

o
n

-a
ro

m
at

ic
s 

in
c
lu

d
e
 

p
a
ra

ff
in

s,
 

o
le

fi
n

s,
 

an
d 

n
ap

h
th

en
es

 
w

hi
ch

 
ca

n
 

be
 

re
m

ov
ed

 
fr

om
 

s
il

ic
a
 
g

e
l 

w
it

h
 

n
-h

e
p

ta
n

e
. 

T
he

 
ar

o
m

at
ic

 
co

m
po

un
ds

 
a
re

 
n

o
t 

re
m

ov
ed

 
w

it
h

 
n


h

e
p

ta
n

e
, 

b
u

t 
a
re

 
e
a
si

ly
 

e
lu

te
d

 
w

it
h

 
b

en
ze

n
e.

 
T

he
 

p
o

la
r 

co
m

po
un

ds
 

w
hi

ch
 

a
re

 
e
lu

te
d

 
w

it
h

 
p

y
ri

d
in

e
 

in
c
lu

d
e
 
m

a
te

ri
a
ls

 
c
o

n
ta

in
in

g
 

o
x

y
g

en
, 

su
lp

h
u

r,
 

an
d 

n
it

ro
g

e
n

. 
T

he
 

n
o

t 
re

co
v

er
ed

 
fr

a
c
ti

o
n

 
re

p
re

se
n

ts
 

v
o

la
ti

le
, 

lo
w

 
m

o
le

cu
la

r 
w

ei
g

h
t 

h
y

d
ro

ca
rb

o
n

s,
 

as
 

w
el

l 
as

 
p

y
ri

d
in

e
 

in
so

lu
b

le
 

co
m

po
un

ds
. 

C
o

m
p

o
si

ti
o

n
 b

y 
ca

rb
o

n
-t

y
p

e 
is

 
a
ls

o
 

g
iv

en
 

in
 

T
ab

le
 

II
I.

 
T

h
es

e 
re

s
u

lt
s
 

w
er

e 
o

b
ta

in
e
d

 
by

 
th

e 
d

e
n

s
it

y
-r

e
fr

a
c
ti

v
it

y
 

in
te

rc
e
p

t 
m

et
ho

d 
w

h
ic

h
 

h
as

 
b

ee
n

 
sh

ow
n 

to
 

be
 

su
it

a
b

le
 

fo
r 

th
e 

c
h

a
ra

c
te

ri
z
a
ti

o
n

 
o

f 
a 

w
id

e 
ra

n
g

e 
o

f 
v

is
co

u
s 

p
et

ro
le

u
m

 
fr

a
c
ti

o
n

s 
(6

).
 

T
he

 
c
a
lc

u
la

te
d

 
v

is
c
o

si
ty

-g
ra

v
it

y
 

c
o

n
st

a
n

t 
g

iv
en

 
in

 
T

ab
le

 
II

I 
is

 
a
n

o
th

e
r 

in
d

ic
a
to

r 
o

f 
h

y
d

ro
ca

rb
o

n
 

co
m

p
o

si
ti

o
n

. 
P

et
ro

le
u

m
 

h
y

d
ro

ca
rb

o
n

s 
w

it
h

 
a 

VG
C 

n
ea

r 
0

.8
0

0
 

a
re

 
o

f 
p

a
ra

ff
in

ic
 

c
h

a
ra

c
te

r 
w

h
il

e 
th

o
se

 
w

it
h

 
VG

C 
c
lo

se
 

to
 

1
. 

00
0 

a
re

 
o

f 
ar

o
m

at
ic

 
n

a
tu

re
. 

It
 

sh
o

u
ld

 
be

 
n

o
te

d
 

th
a
t 

th
e 

p
re

c
is

io
n

 
o

f 
th

e 
VG

C 
is

 
v

er
y

 
go

od
; 

re
p

e
a
ta

b
il

it
y

 
a
t 

th
e 

95
 

p
e
rc

e
n

t 
co

n
fi

d
en

ce
 

li
m

it
 

is
 

0
.0

0
1

 
u

n
it

. 

In
sp

e
c
ti

o
n

 
o

f 
th

e 
re

su
lt

s 
in

 
T

ab
le

s 
II

 
an

d 
II

I 
in

d
ic

a
te

s 
th

a
t 

th
e 

a
ro

m
a
ti

c
it

y
 

o
f 

va
cu

um
 

b
o

tt
o

m
 

fe
e
d

st
o

c
k

s 
in

c
re

a
se

s 
fr

om
 

so
u

rc
e 

1 
th

ro
u

g
h

 
4

. 
T

he
 

s
ig

n
if

ic
a
n

tl
y

 
h

ig
h

e
r 

a
ro

m
a
ti

c
it

y
 

fo
un

d 
fo

r 
th

e 
c
a
ta

ly
ti

c
 

c
ra

c
k

e
r 

b
o

tt
o

m
, 

so
u

rc
e 

5
, 

is
 

as
 

ex
p

ec
te

d
. 

T
he

 
c
o

a
l-

ta
r 

p
it

c
h

 
sh

ow
n 

fo
r 

co
m

p
ar

is
o

n
 

e
x

h
ib

it
s 

th
e 

h
ig

h
e
st

 
a
ro

m
a
ti

c
it

y
 

b
as

ed
 

on
 

in
fr

a
re

d
 

a
n

a
ly

si
s 

re
su

lt
s 

an
d 

VG
C 

v
a
lu

e
 

w
h

ic
h

 
is

 
in

 
ag

re
em

en
t 

w
it

h
 

p
u

b
li

sh
ed

 
in

fo
rm

a
ti

o
n

 
fo

r 
c
o

a
l 

a
sp

h
a
lt

e
n

e
s.

 

T
he

 
p

ro
p

e
rt

ie
s 

o
f 

th
e 

g
re

en
 

co
k

es
 

a
re

 
g

iv
en

 
in

 
T

ab
le

 
IV

. 
O

f 
c
o

n
si

d


e
ra

b
le

 
si

g
n

if
ic

a
n

c
e
 

is
 

th
e 

lo
w

 
b

u
lk

 
d

e
n

si
ty

 
o

f 
th

e 
co

ke
 

fr
om

 
so

u
rc

e 
2.

 



Cb
o~

ou
cs

 w
@

CS
8D

0 
T

ab
le

 
I.

 
E

le
m

en
ta

l 
A

n
al

y
si

s 
o

f 
C

ok
er

 F
ee

d
st

o
ck

s 

S
o

u
rc

e 
(s

ee
 

"M
at

er
ia

ls
")

 
1 

2 
3 

4 
5 

-
-

-
-

-
-

-
-

-
-

C
ar

bo
n 

%
 

8
3

.8
 

8
5

.8
 

8
4

.7
 

8
5

.8
 

8
8

.4
 

H
yd

ro
ge

n 
%

 
1

1
.5

 
1

1
.4

 
1

0
.4

 
1

1
.2

 
8

.4
 

N
it

ro
g

en
 

%
 

0
.4

3
 

0
.4

5
 

0
.4

2
 

0
.3

1
 

ND
 

O
xy

ge
n 

%
 

3
.6

1
 

2
.0

1
 

2
.6

6
 

1
. 8

2 
ND

 
S

u
lp

h
u

r 
%

 
0

.6
6

 
0

.8
8

 
1

.4
8

 
0

.8
7

 
0

.9
0

 
C

/H
 

(A
to

m
ic

 
R

at
io

) 
0

.6
1

 
0

.6
3

 
0

.6
8

 
0

.6
4

 
0

.8
8

 

ND
 

=
 

N
ot

 
D

et
er

m
in

ed
 

T
ab

le
 I

I.
 

P
ro

p
e
rt

ie
s 

o
f 

C
ok

er
 F

ee
d

st
o

ck
s 

S
o

u
rc

e 
(s

ee
 

"M
at

er
ia

ls
")

 
1 

2 
3 

4 
5 

-
-

-
-

A
PI

 
G

ra
v

it
y

 
1

4
.4

 
1

4
.4

 
1

0
.0

 
1

3
.0

 
2

.0
 

D
en

si
ty

 a
t 

20
°C

 
g/

m
L

 
0

.9
7

0
 

0
.9

7
0

 
1

.0
0

0
 

0
.9

7
9

 
1

.0
6

0
 

D
en

si
ty

 a
t 

1o
o•

c 
g/

m
L

 
o.

 9
23

 
0

.9
2

4
 

0
.9

6
4

 
0

.9
3

0
 

1
.0

0
7

 
E

V
T

-1
0 

(1
) 

•c
 

77
 

76
 

10
5 

84
 

36
 

E
V

T
-1

00
0 

(1
) 

•c
 

32
 

33
 

55
 

40
 

14
 

C
ok

e 
Y

ie
ld

 
%

 
1

3
.1

 
1

2
.8

 
1

8
.3

 
1

8
.2

 
6

.7
 

N
-H

ep
ta

ne
 

In
so

lu
b

le
 

%
 

7
.8

 
1

0
.1

 
7

.8
 

1
3

.4
 

1
.0

 
R

e
fr

a
c
ti

v
e
 

In
d

ex
 

1
.5

4
4

 
1

.5
4

2
 

1
. 5

58
 

1
. 5

53
 

1
. 6

42
 

In
fr

a
re

d
 

P
ar

am
et

er
 

(2
) 

0
.5

9
1

 
0

.4
7

4
 

0
.5

9
3

 
0

.5
4

9
 

1
. 5

47
 

(1
) 

E
q

u
iv

is
co

u
s 

te
m

p
er

at
u

re
 

a
t 

10
 

an
d 

10
00

 
p

o
is

es
 

(2
) 

In
te

g
ra

te
d

 
ar

ea
 

u
n

d
er

 
pe

ak
 

in
 

6
7

0
-9

2
0

 
cm

-1
 

w
av

e 
nu

m
be

r 
x 

ab
so

rb
an

ce
 

u
n

it
s 

ND
 

=
 

N
ot

 
D

et
er

m
in

ed
 

T
ab

le
 I

II
. 

C
h

a
ra

c
te

ri
z
a
ti

o
n

 
D

at
a 

fo
r 

C
ok

er
 F

ee
d

st
o

ck
s 

S
o

u
rc

e 
(s

ee
 

"M
at

er
ia

ls
")

 
1 

2 
3 

4 
5 

C
hr

om
at

og
ra

ph
y 

N
o

n
-a

ro
m

at
ic

s 
(o

il
s)

 
%

 
8

8
.5

 
8

1
.2

 
8

5
.1

 
7

0
.8

 
5

1
.0

 
A

ro
m

at
ic

s 
(a

sp
h

al
te

n
es

)%
 

8
.8

 
1

3
.1

 
1

3
.2

 
1

8
.9

 
3

4
.0

 
O

xy
 

(p
o

la
r)

 
co

m
po

un
ds

 
%

 
0

.9
 

0
.5

 
1

.4
 

9.
 7

 
5

.0
 

N
ot

 
re

co
v

er
ed

 
%

 
1

.8
 

5
.2

 
0

.3
 

0
.6

 
1

0
.0

 

D
en

si
ty

 -
R

e
fr

a
c
ti

v
it

y
 I

n
te

rc
e
p

t 
A

ro
m

at
ic

 
ri

n
g

 
ca

rb
o

n
s 

%
 

25
 

24
 

29
 

30
 

66
 

N
ap

ht
he

ne
 

ri
n

g
 

ca
rb

o
n

s 
%

 
18

 
20

 
27

 
14

 
-

P
a
ra

ff
in

 
ch

ai
n

 
ca

rb
o

n
s 

%
 

57
 

56
 

44
 

56
 

34
 

V
is

c
o

si
ty

-G
ra

v
it

y
 C

o
n

st
an

t 
0

.8
5

4
 

0
.8

5
8

 
0

.8
6

2
 

0
.8

6
3

 
1

. 0
42

 

ND
 

=
 

N
ot

 
D

et
er

m
in

ed
 

6 

9
3

.1
 

4
.2

 
ND

 
ND

 
0

.5
5

 
1

. 8
4 6 ND

 
1

. 3
15

 
ND

 
16

5 
11

2 
5

8
.6

 
7

2
.0

 
ND

 
2

.6
5

0
 

re
g

io
n

 

6 ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

1
. 5

50
 

21
 

Fr
om

 L
ig

h
t M

et
al

s 
19

84
, J

.P
. M

cG
ee

r,
 E

di
to

r 

T
ab

le
 I

V
. 

P
ro

p
e
rt

ie
s 

o
f 

G
re

en
 C

ok
es

 

S
o

u
rc

e 
(s

ee
 

"M
at

er
ia

ls
")

 
1 

2 
3 

4 
5 

6 
-
-

-
-

-
-

-
-

-
-

-
V

o
la

ti
le

 M
at

te
r 

%
 

1
1

.1
 

1
0

.6
 

1
1

.2
 

9
.6

 
5

.8
 

6
.1

 
C

ar
bo

n 
%

 
9

2
.0

 
9

1
.2

 
9

0
.4

 
9

1
.4

 
9

3
.4

 
9

4
.8

 
H

yd
ro

ge
n 

%
 

3
.5

 
3

.6
 

3
.8

 
3

.8
 

3
.6

 
3

.0
 

S
u

lp
h

u
r 

%
 

1
. 0

7 
1

. 8
6 

3
.8

2
 

2
.5

5
 

1
. 8

4 
0

.3
4

 
B

u
lk

 D
en

si
ty

 
g/

m
L

 
0

. 7
62

 
0

.6
8

7
 

o
. 7

32
 

o.
 7

21
 

)i
ll
 

ND
 

ND
 

=
 

N
ot

 
D

et
er

m
in

ed
 

T
h

is
 

is
 

a
tt

ri
b

u
te

d
 

to
 

th
e 

h
ig

h
 

v
al

u
e 

o
f 

"n
o

t 
re

co
v

er
ed

" 
fr

a
c
ti

o
n

 
fo

un
d 

in
 

fe
ed

st
o

ck
 

2 
as

 
sh

ow
n 

in
 

T
ab

le
 

II
I.

 
I
t
 
is

 
p

o
st

u
la

te
d

 
th

a
t 

th
e 

p
re

se
n

ce
 

o
f 

v
o

la
ti

le
, 

lo
w

 
m

o
le

cu
la

r 
w

ei
g

h
t 

h
y

d
ro

ca
rb

o
n

s 
is

 
re

sp
o

n
si

b
le

 
fo

r 
th

e 
lo

w
 

g
re

en
 

co
ke

 
b

u
lk

 
d

e
n

si
ty

. 
T

he
se

 
co

m
po

un
ds

 
ar

e 
ex

p
ec

te
d

 
to

 
ha

ve
 

a 
re

d
u

ce
d

 
co

ke
 

y
ie

ld
 

an
d 

c
re

a
te

 
a 

h
ig

h
er

 
p

o
ro

si
ty

 
o

f 
th

e 
so

li
d

if
y

in
g

 
m

a
te

ri
a
l 

in
 

th
e 

dr
um

 
d

u
ri

n
g

 
co

k
in

g
. 

T
ab

le
 

V
 s

ho
w

s 
se

le
c
te

d
 

p
ro

p
e
rt

ie
s 

o
f 

th
e 

co
k

es
 

ca
lc

in
ed

 
in

 
th

e 
la

b
o

r
a
to

ry
 

a
t 

12
oo

•c
 

w
h

il
e 

F
ig

u
re

s 
2 

an
d 

3 
sh

ow
 

th
e 

c
o

rr
e
la

ti
o

n
 

o
f 

k
er

o
se

n
e 

d
e
n

si
ty

 
an

d 
m

ea
n 

c
ry

s
ta

ll
it

e
 

th
ic

k
n

es
s 

w
it

h
 

c
a
lc

in
a
ti

o
n

 
te

m
p

er
at

u
re

, 
re

sp
e
c
ti

v
e
ly

. 
It

 
ca

n 
be

 
se

en
 

in
 

T
ab

le
 

V
 t

h
a
t 

th
e 

lo
w

 b
u

lk
 

d
e
n

si
ty

 
o

f 
co

ke
 

fr
om

 
fe

ed
st

o
ck

 
2 

p
re

v
a
il

s 
a
ft

e
r 

c
a
lc

in
a
ti

o
n

 
in

 
th

e 
la

b
o

ra
to

ry
. 

T
h

is
 

b
eh

av
io

u
r 

o
f 

so
u

rc
e 

2 
co

ke
 

ha
s 

a
ls

o
 

be
en

 
o

b
se

rv
ed

 
an

d 
re

co
n

fi
rm

ed
 

d
u

ri
n

g
 

c
a
lc

in
a
ti

o
n

 
tr

ia
ls

 
in

 
a 

co
m

m
er

ci
al

 
ro

ta
ry

 
k

il
n

. 

T
ab

le
 v

. 
S

e
le

c
te

d
 P

ro
p

e
rt

ie
s 

o
f 

C
al

ci
n

ed
 C

ok
es

 

(L
ab

o
ra

to
ry

 
C

al
ci

n
at

io
n

 
a
t 

12
00

°C
) 

S
o

u
rc

e 
(s

ee
 

"M
at

er
ia

ls
")

 
1 

2 
3 

4 
5 

6 
-
-

-
-

-
-

-
-

-
-

-
S

u
lp

h
u

r 
%

 
1

.0
5

 
2

.0
0

 
3

.6
8

 
2

.4
8

 
1

. 7
5 

o.
 3

2 
M

ea
n 

C
ry

st
a
ll

it
e
 

T
h

ic
k

n
es

s 
A

 
2

6
.0

 
2

6
.8

 
2

8
.4

 
2

8
.0

 
2

7
.0

 
2

4
.0

 
K

er
os

en
e 

D
en

si
ty

 
g/

m
L

 
2

.0
5

 
2

.0
5

 
2

.0
6

 
2

.0
8

 
2

.0
6

 
1

. 9
6 

B
ul

k 
D

en
si

ty
 

g/
m

L
 

1
.0

0
6

 
0

.8
3

9
 

0
.9

5
8

 
0

.9
9

3
 

ND
 

ND
 

B
ul

k 
D

en
si

ty
 U

po
n 

F
la

sh
 H

ea
ti

n
g

 
g/

m
L

 
0

.8
4

4
 

o.
 7

69
 

o.
 8

20
 

0
.8

3
3

 
ND

 
ND

 

ND
 

=
 

N
ot

 
D

et
er

m
in

ed
 

F
ig

u
re

s 
2 

an
d 

3 
re

fl
e
c
t 

tw
o 

w
el

l-
kn

ow
n 

fe
a
tu

re
s 

w
hi

ch
 

w
il

l 
n

o
t 

be
 

d
is

cu
ss

ed
 

h
er

e,
 

na
m

el
y 

th
e 

v
er

y
 

d
if

fe
re

n
t 

re
sp

o
n

se
 

o
f 

co
al

 
ta

r 
p

it
c
h

 
to

 
c
a
rb

o
n

iz
a
ti

o
n

 
an

d 
h

ea
t 

tr
ea

tm
en

t 
w

he
n 

co
m

pa
re

d 
to

 
p

et
ro

le
u

m
 

fr
a
c
ti

o
n

s 
an

d 
th

e 
e
ff

e
c
t 

o
f 

th
er

m
al

 
d

e
su

lp
h

u
ri

z
a
ti

o
n

 
on

 
th

e 
re

a
l 

d
e
n

si
ty

 
o

f 
h

ig
h

-s
u

lp
h

u
r 

p
et

ro
le

u
m

 
co

k
e.

 
B

ot
h 

a
sp

e
c
ts

 
ha

ve
 

be
en

 
ad

eq
u

at
el

y
 

d
e
a
lt

 
w

it
h

 
in

 
th

e 
li

te
ra

tu
re

 
(8

,9
).

 

In
 

th
is

 
p

ap
er

 
a
tt

e
n

ti
o

n
 

is
 

fo
cu

se
d

 
on

 
th

e 
u

se
fu

ln
es

s 
o

f 
k

er
o

se
n

e 
d

en


s
it

y
 a

nd
 

m
ea

n 
c
ry

s
ta

ll
it

e
 

th
ic

k
n

es
s 

as
 

m
ea

su
re

s 
o

f 
d

eg
re

e 
o

f 
h

ea
t 

tr
ea

tm
en

t 
an

d 
c
o

n
tr

o
l 

to
o

ls
 

fo
r 

co
m

m
er

ci
al

 
c
a
lc

in
a
ti

o
n

. 



c:;u 
c::J 

G3 
(;:'] 
@ 

[5 
(;:'] 

B 
83 

Oc:::J 

CJ 

0<( .. 
(/) 
CJ) 
LLI 
z 
~ 
(.) 

I 
1-

w 
1-
....J 
....J 

~ 
CJ) 

>-
0::: 
(.) 

z 
<t 
w 
~ 

E 
...... 
Cll 

>-
1-
(/) 
z 
LLI 
Cl 

w 
z 
w 
(/) 
0 
0::: 
w 
~ 

For Symbols: See "MATERIALS" 

1100 1200 1300 1400 

TEMPERATURE , oc 
Fig. 3 - Correlation Betwee n Mean Crysta lli te Thi c kn ess a n d Temperature o f Ca l cination . 

For Symbols: See" MATERIALS" 

1100 1200 1300 1400 

TEMPERATURE , °C 

Fi g . 2 - Correlation Between Kerosene Density a nd Temperature of Ca l ci nat i o n. 



=
=
C
b

o~
ou
cs
 w

@
C

S
8

D
0

=
=

=
=

=
=

=
=

=
=

=
 

Fr
om

 L
ig

h
t M

et
al

s 
19

84
, J

.P
. M

cG
ee

r,
 E

di
to

r 

T
he

 
p

et
ro

le
u

m
 

fe
ed

st
o

ck
s 

in
 

te
rm

s 
o

f 
co

rr
es

p
o

n
d

in
g

 
c
a
lc

in
e
d

 
co

ke
s 

ar
e 

re
p

re
se

n
te

d
 

by
 

tw
o 

li
n

e
s 

in
 

F
ig

u
re

s 
2 

an
d 

3:
 

co
k

es
 

1 
an

d 
2 

d
er

iv
ed

 
fr

om
 

fe
ed

st
o

ck
s 

o
f 

lo
w

er
 

a
ro

m
a
ti

c
it

y
 

an
d 

co
ke

s 
3 

to
 

5 
o

b
ta

in
ed

 
fr

om
 

h
y

d
ro


ca

rb
o

n
s 

o
f 

h
ig

h
er

 
a
ro

m
a
ti

c
it

y
. 

T
h

is
 

d
is

ti
n

c
ti

o
n

 
w

as
 

m
ad

e 
on

 
th

e 
b

a
si

s 
o

f 
th

e 
ar

o
m

at
ic

 
ri

n
g

 
ca

rb
o

n
 

c
o

n
c
e
n

tr
a
ti

o
n

 
as

 
d

et
er

m
in

ed
 

by
 

th
e 

d
e
n

si
ty

 
-

re
fr

a
c
ti

v
it

y
 

in
te

rc
e
p

t 
m

et
ho

d 
(T

ab
le

 
II

I)
. 

T
he

 
li

n
e
s 

ha
ve

 
b

ee
n

 
dr

aw
n 

u
si

n
g

 
th

e 
le

a
st

 
sq

u
ar

es
 

m
et

h
o

d
. 

A
 s

ta
ti

s
ti

c
a
l 

e
v

a
lu

a
ti

o
n

 
sh

ow
ed

 
th

a
t 

th
e 

tw
o 

li
n

e
s 

a
re

 
n

o
t 

si
g

n
if

ic
a
n

tl
y

 
d

if
fe

re
n

t 
up

 
to

 
a 

c
a
lc

in
a
ti

o
n

 
te

m
p

er
at

u
re

 
o

f 
12

50
°C

 
in

 
th

e 
ca

se
 

o
f 

k
er

o
se

n
e 

d
e
n

si
ty

 
an

d 
up

 
to

 
11

50
°C

 
in

 
th

e 
ca

se
 

o
f 

m
ea

n 
c
ry

s
ta

ll
it

e
 

th
ic

k
n

e
ss

. 

F
o

r 
k

er
o

se
n

e 
d

e
n

si
ty

, 
K

D
, 

if
 

on
e 

p
et

ro
le

u
m

 
b

as
ed

 
m

a
te

ri
a
ls

 
as

 
on

e 
g

ro
u

p
, 

w
ri

tt
e
n

 
(w

it
h

 
st

ra
ig

h
t 

li
n

e
 

ap
p

ro
x

im
at

io
n

 
ti

o
n

 
e
ff

e
c
ts

):
 

re
g

ar
d

s 
th

e 
fi

v
e
 

sa
m

p
le

s 
o

f 
th

e 
fo

ll
o

w
in

g
 

eq
u

at
io

n
 

ca
n

 
be

 
an

d 
d

is
re

g
a
rd

in
g

 
d

e
su

lp
h

u
ri

z
a
-

KD
 

g
/m

L
 

=
 

1
.6

0
4

 +
 3

. 7
2 

X
 

1
0

-"
T

, 
°C

 
C

o
rr

e
la

ti
o

n
 
c
o

e
ff

ic
ie

n
t,

 
r 

=
 

0
.9

5
4

 
S

ta
n

d
ar

d
 

e
rr

o
r 

=
 

0
. 0

13
7 

g/
m

L
 

an
d 

th
e 

co
rr

es
p

o
n

d
in

g
 

te
m

p
er

at
u

re
 

e
st

im
a
te

 
w

it
h

 
95

%
 

co
n

fi
d

en
ce

 
li

m
it

 
is

 
w

it
h

in
 ±

70
°C

. 
T

he
 

la
tt

e
r 

ca
n

 
be

 
re

d
u

ce
d

 
to

 
±

60
°C

 
if

 
se

p
a
ra

te
 
c
o

rr
e
la

ti
o

n
s 

a
re

 
us

ed
 

fo
r 

sa
m

p
le

s 
1 

an
d 

2 
an

d 
th

e 
gr

ou
p 

o
f 

3 
to

 
5 

a
t 

te
m

p
er

at
u

re
s 

h
ig

h
er

 
th

an
 

12
50

°C
. 

O
n 

th
e
 

o
th

e
r 

h
a
n

d
, 

fo
r 

m
ea

n 
c
ry

s
ta

ll
it

e
 

th
ic

k
n

e
ss

, 
L

c,
 

th
e 

eq
u

at
io

n
 

u
si

n
g

 
a
ll

 
fi

v
e
 

sa
m

pl
e 

p
o

in
ts

 
is

: 

L
c,

 
A

 =
 

-4
8

.0
5

 +
 6

.2
8

 x
 

1
0

-2 T
, 

°C
 

C
o

rr
e
la

ti
o

n
 
c
o

e
ff

ic
ie

n
t,

 
r 

=
 

0
.9

8
9

 
S

ta
n

d
ar

d
 

e
rr

o
r 

=
 

1
. 2

0 
A

 

an
d 

th
e 

co
rr

es
p

o
n

d
in

g
 

te
m

p
er

at
u

re
 

e
st

im
a
te

 
w

it
h

 
95

%
 

co
n

fi
d

en
ce

 
li

m
it

 
is

 
w

it
h

in
 

±
)2

°C
. 

I
f
 

tw
o 

se
p

a
ra

te
 

c
o

rr
e
la

ti
o

n
s 

a
re

 
co

n
si

d
er

ed
, 

ab
ov

e 
11

50
°C

 
th

e 
te

m
p

er
at

u
re

 
e
st

im
a
te

 
ca

n 
be

 
re

d
u

ce
d

 
to

 
w

it
h

in
 

±
24

°C
. 

T
he

 
m

ea
n 

c
ry

s
ta

ll
it

e
 

th
ic

k
n

es
s 

is
 

th
e
re

fo
re

 
c
le

a
rl

y
 
su

p
e
ri

o
r 

to
 

k
er

o
se

n
e 

d
e
n

si
ty

 
as

 
a 

c
a
lc

in
a
ti

o
n

 
c
o

n
tr

o
l 

p
ar

am
et

er
. 

T
he

 
s
ta

ti
s
ti

c
a
l 

si
g

n
if

ic
a
n

c
e
 

o
f 

th
e 

c
o

rr
e
la

ti
o

n
s 

co
u

ld
 

ha
ve

 
be

en
 

im
pr

ov
ed

 
by

 
c
a
rr

y
in

g
 

o
u

t 
c
a
lc

in
a
ti

o
n

s 
a
t 

15
00

°C
, 

si
n

c
e
 

ho
w

ev
er

, 
th

e 
tr

en
d

 
in

 
KD

 
an

d 
L

c 
is

 
w

el
l 

e
st

a
b

li
sh

e
d

 
th

is
 

w
as

 
n

o
t 

fe
lt

 
to

 
be

 
ju

s
ti

fi
a
b

le
. 

C
o

n
cl

u
si

o
n

s 

C
ok

er
 

fe
ed

st
o

ck
 

m
a
te

ri
a
ls

 
ca

n 
be

 
c
h

a
ra

c
te

ri
z
e
d

 
by

 
re

la
ti

v
e
ly

 
si

m
p

le
 

te
s
ts

 
su

ch
 

as
 

d
e
n

si
ty

, 
re

fr
a
c
ti

v
it

y
, 

in
fr

a
re

d
 

sp
ec

tr
u

m
, 

ch
ro

m
at

o
g

ra
p

h
ic

 
se

p
a
ra

ti
o

n
 

o
f 

st
ru

c
tu

ra
l 

co
m

p
o

n
en

ts
, 

an
d 

v
is

c
o

si
ty

-g
ra

v
it

y
 

c
o

n
st

a
n

t.
 

D
if

fe
re

n
c
e
s 

in
 

c
a
lc

in
e
d

 
co

ke
 

p
ro

p
e
rt

ie
s 

ca
n 

o
cc

u
r 

d
ep

en
d

in
g

 
on

 
th

e 
ar

o
m

at


ic
it

y
 

o
f 

th
e 

p
et

ro
le

u
m

 
fe

e
d

st
o

c
k

s.
 

K
er

o
se

n
e 

d
e
n

si
ty

 
ca

n
 

be
 

0
. 0

2 
g/

m
L

 
h

ig
h

er
 

an
d 

m
ea

n 
c
ry

s
ta

ll
it

e
 

th
ic

k
n

es
s 

1
.5

 
an

g
st

ro
m

s 
h

ig
h

er
 

fo
r 

a 
c
a
ta

ly
ti

c
 

c
ra

c
k

e
r 

b
o

tt
o

m
 m

a
te

ri
a
l 

th
an

 
fo

r 
a 

le
ss

 
ar

o
m

at
ic

 
va

cu
um

 
to

w
er

 
b

o
tt

o
m

 
fe

ed


st
o

c
k

 
a
t 

te
m

p
er

at
u

re
s 

us
ed

 
in

 
in

d
u

st
ri

a
l 

c
a
lc

in
e
rs

. 
M

ea
n 

c
ry

s
ta

ll
it

e
 

th
ic

k
n

e
ss

 
is

 
a 

m
or

e 
p

re
c
is

e
 

m
ea

su
re

 
o

f 
th

e 
d

eg
re

e 
o

f 
c
a
lc

in
a
ti

o
n

 
th

an
 

k
er

o
se

n
e 

d
e
n

si
ty

. 
T

h
er

e 
is

 
an

 
in

d
ic

a
ti

o
n

 
th

a
t 

th
e 

p
re

se
n

ce
 

o
f 

v
o

la
ti

le
 

h
y

d
ro

ca
rb

o
n

s 
in

 
th

e 
fe

ed
st

o
ck

 
d

et
er

m
in

ed
 

by
 

ch
ro

m
at

o
g

ra
p

h
ic

 
se

p
a
ra

ti
o

n
 

as
 

"n
o

t 
re

co
v

er
ed

" 
fr

a
c
ti

o
n

 
re

d
u

ce
s 

th
e 

b
u

lk
 d

e
n

si
ty

 
o

f 
th

e 
c
a
lc

in
e
d

 
co

k
e.

 

23
 

A
ck

no
w

le
dg

em
en

ts
 

T
he

 
au

th
o

rs
 

a
re

 
g

ra
te

fu
l 

to
 

P
.J

. 
A

sh
le

y
 

an
d 

B
.R

. 
P

at
h

ak
 

o
f 

A
lc

an
 

In
te

rn
a
ti

o
n

a
l'

s 
K

in
g

st
o

n
 

L
ab

o
ra

to
ri

es
 

fo
r 

p
er

fo
rm

in
g

 
th

e 
FT

IR
 

st
u

d
ie

s,
 

an
d 

to
 

R
.F

. 
Jo

o
st

e 
o

f 
th

e 
sa

m
e 

la
b

o
ra

to
ry

 
fo

r 
c
a
rr

y
in

g
 

o
u

t 
th

e 
re

fr
a
c
ti

v
it

y
 

m
ea

su
re

m
en

ts
. 

R
ef

er
en

ce
s 

(1
) 

P
. J

. 
R

he
de

y 
an

d 
D

. 
D

uT
re

m
bl

ay
, 

R
ef

in
er

y
 

F
ee

d
st

o
ck

s,
 

C
ok

e 
S

tr
u

c
tu

re
s 

an
d 

A
lu

m
in

um
 

C
el

l 
A

no
de

s,
 

L
ig

h
t 

M
et

al
s 

1
9

7
7

, 
A

IM
E,

 
N

ew
 

Y
or

k,
 

N
.Y

.,
 

V
ol

. 
1

, 
pp

. 
3

0
1

-3
1

6
. 

(2
) 

AS
TM

 
M

et
ho

d 
D

-2
87

-6
7 

(1
9

7
7

),
 

A
PI

 
G

ra
v

it
y

 
o

f 
C

ru
de

 
P

et
ro

le
u

m
 

an
d 

P
et

ro
le

u
m

 P
ro

d
u

ct
s 

(H
yd

ro
m

et
er

 
M

et
h

o
d

).
 

(3
) 

AS
TM

 
M

et
ho

d 
D

-3
2

7
9

-8
1

, 
A

sp
h

al
te

n
es

 
as

 
n

-H
ep

ta
n

e 
In

so
lu

b
le

s.
 

(4
) 

AS
TM

 
M

et
ho

d 
D

-1
21

8-
61

 
(1

9
7

7
),

 
R

e
fr

a
c
ti

v
e
 

In
d

ex
 

an
d 

R
e
fr

a
c
ti

v
e
 

D
is

p
er


si

o
n

 o
f 

H
yd

ro
ca

rb
on

 
L

iq
u

id
s.

 

(5
) 

L
.T

. 
E

by
, 

P
ro

p
e
rt

ie
s 

o
f 

H
ig

h 
B

o
il

in
g

 
P

et
ro

le
u

m
 

P
ro

d
u

c
ts

, 
H

ig
h 

A
ro

m
at

ic
s 

C
h

a
ra

c
te

ri
z
a
ti

o
n

 
by

 
C

h
ro

m
at

o
g

ra
h

y
, 

A
n

a
ly

ti
c
a
l 

C
h

em
is

tr
y

, 
V

o
l.

 
25

, 
N

o.
 

7,
 

7 
Ju

ly
 

19
53

, 
PP

• 
1

0
5

7
-1

0
6

0
. 

(6
) 

s.
s.

 
K

u
rt

z,
 

R
.\o

l. 
K

in
g

, 
w

.J
. 

S
to

u
t,

 
an

d 
M

.E
. 

P
e
te

rk
in

, 
C

ar
b

o
n

-t
y

p
e 

C
o

m
p

o
si

ti
o

n
 

o
f 

V
is

co
u

s 
F

ra
c
ti

o
n

s 
o

f 
P

et
ro

le
u

m
: 

D
e
n

si
ty

-R
e
fr

a
c
ti

v
it

y
 

In
te

rc
e
p

t 
M

et
ho

d,
 

A
n

a
ly

ti
c
a
l 

C
h

em
is

tr
y

, 
V

o
l.

 
3

0
, 

N
o.

 
7,

 
Ju

ly
 

19
58

, 
PP

· 
1

2
2

4
-1

2
3

6
. 

(7
) 

AS
TM

 
M

et
ho

d 
D

-2
50

1-
67

 
(1

9
7

7
),

 
C

a
lc

u
la

ti
o

n
 

o
f 

V
is

c
o

si
ty

-G
ra

v
it

y
 

C
o

n
st

an
t 

(V
G

C
) 

o
f 

P
et

ro
le

u
m

 O
il

s.
 

(8
) 

H
. 

T
il

lm
an

n
s,

 
T

he
 

In
fl

u
en

ce
 

o
f 

Q
u

in
o

li
n

e 
In

so
lu

b
le

 
P

it
c
h

 
C

o
n

st
it

u
e
n

ts
 

o
n

 
th

e 
C

ar
b

o
n

iz
at

io
n

 
R

at
e 

an
d 

C
ok

e 
S

tr
u

c
tu

re
, 

1
5

th
 

B
ie

n
n

ia
l 

C
o

n
fe

re
n

ce
 

on
 

C
ar

b
o

n
, 

E
xt

en
de

d
 

A
b

st
ra

c
ts

, 
P

h
il

a
d

e
lp

h
ia

, 
P

en
n

sy
lv

an
ia

, 
22

-2
3 

Ju
n

e 
1

9
8

1
, 

p
p

. 
1

4
2

-1
4

3
. 

(9
) 

M
. H

. 
W

ag
ne

r,
 

H
. 

P
au

ls
, 

H
. 

T
il

lm
an

s,
 

an
d 

G
. 

W
il

h
el

m
i,

 
C

a
lc

in
a
ti

o
n

 
-

T
he

 
E

ff
e
c
t 

o
f 

M
ax

im
um

 
H

ea
t 

T
re

at
m

en
t 

T
em

p
er

at
u

re
 

on
 

th
e 

P
ro

p
e
rt

ie
s 

o
f 

C
ok

e,
 

1
6

th
 

B
ie

n
n

ia
l 

C
o

n
fe

re
n

ce
 

on
 

C
ar

b
o

n
, 

E
xt

en
de

d
 

A
b

st
ra

c
ts

, 
S

an
 

D
ie

g
o

, 
C

a
li

fo
rn

ia
, 

18
-2

2 
Ju

ly
 

19
83

, 
pp

. 
5

8
2

-5
8

3
. 


