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Â P E N D I X  A

T a b le  A - l  Free lim e content at different burning tem peratures

te m p . ( ° C )
%  o f  f re e  l im e S ta n d a r d

d e v ia t io nN o . l N o . 2 N o .3 A v e ra g e

1300 6 .3 8 4 6 .44 6 .272 6 .3 65 0.085

1400 2 .3 5 2 2.52 2 .52 2 .4 6 4 0.096

1450 2 .0 2 2 .0 7 2 .02 2 .03 0.028

T a b le  A - 2 Free lim e content at different burning tim es

t im e ( m in - )
%  o f  fre e  l im e S ta n d a r d

d e v ia t io nN o . l N o .2 N o .3 A v e ra g e

15 7 .7 6 7 .56 7 .84 7 .72 0.144

30 4.31 4 .2 8 4.33 4.31 0.025

60 2.02 2 .07 2 .02 2 .03 0.028

90 1.23 1.23 1.18 1.21 0.028

T a b le  A -3  Free lim e content o f  clinker doped w ith  chrom ium

Sample
Initial

concentration,
wt.%

No.
% Free lime

Average S tandard
deviationSample

1
Sample

2
Sample

3

Chromium

0.10%
1 1.29% 1.34% 1.40%

1.360%
0.055

2 1.34% 1.40% 1.40% 0.034

0.50%
1 1.23% 1.18% 1.23%

1.34%
0.028

2 1.29% 1.40% 1 .3 4 % 0 .0 5 5

! 1 .2 9 "; 1 .3 4 % 1 .2 9 %
1 ใ 1 % 0 .0 2 8

J /(>
2 ' 1 .3 4 'ท 1 .2 9 % 1 .2 9 % 0 .0 2 8

1 4 .0 3 "  r 3 .9 8 % 4 .0 3 %
4 .0 0 5 %

0 .0 2 8

2 3 .9 8 % 4 .0 3 % 3.98% 0 .0 2 8
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Table A-4 Free lime content of clinker doped with nickel

S am ple
In it ia l

c o n c e n tra tio n , 
\v t. %

No.
%  F ree lim e

A ve ra g e
S ta n d a rd
d e v ia t io nS am ple

1
Sam ple

2
S am p le

3

N icke l

0.10%
1 1.46%, 1.51% 1.46%,

1.48%
0.028

2 1.51% 1.46%) 1.46%, 0.028

0.50%
1 1.40% 1.40%, 1.46%,

1.44%,
0.034

2 1.46% 1.51%, 1.40%, 0.055

1%
1 1.12% 1.12%;, 1.12%

1.14%,
0

2 1.18% 1.18%;, 1.12%, 0.034

2%
1 0.67% 0.67'%, 0.62%

0.64%,
0.02S

2 0.62% 0.62%, 0.62%, 0

T a b le  A -5 Free lim e o f  clinker doped w ith zinc

S am p le
In i t ia l

c o n c e n tra tio n , 
\v t. %

No.
%, Free lim e

A ve ra ge
S ta n d a r d

S am ple
1

S am ple
2

S am ple
3

d e v ia t io n

0.10%
1 1.46% 1.51%, 1.40%

1.46%
0.055

2 1.46% 1.46%, 1.46'%, 0

0.50%
1 1.18% 1.18% 1.18%,

1.10%
0

Z in c
2 1.01% 1.01% 1.01%, 0

1%
1 0.56% 0.62%, 0.62%

0.60%
0.034

2 0.62%, 0.56%, 0.62% 0.034

2%,
1 0.34%, 0.34% 0.39%

0.365%
0.028

2 0.34% 0.39% 0.39% 0.02S
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Table A-6 Extracted concentration of chromium from M3051A

S a m p le
I n i t i a l

c o n c e n t r a t io n ,  
พ  t .%

e x tra c te d  c o n c e n tr a t io n  (m g /k g )
S ta n d a r d
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3
A v e ra g e

C h ro m iu m

0 0 0 0 0 0

0.1 310 324 31 8 3 1 7 .3 7.02

0.5 1487 1568 1539 1531 .3 41.04

1 3565 3547 3 5 4 2 3 5 5 1 .3 3 12.09

2 6135 6274 6 2 1 7 6 2 0 8 .6 7 69.87

T a b le  A -7 Extracted concentration  o f  nickel from M 3051A

S a m p le
I n i t i a l

c o n c e n t r a t io n ,
w t . %

e x tra c te d  c o n c e n tr a t io n  (m g /k g )
S ta n d a r d
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3 A v e ra g e

N ic k e l

0 0 0 0 0 0

0.1 241 2 1 2 2 2 4 2 2 5 .6 7 14.57

0.5 900 ร SO 800 860 52.91

1 2410 2520 2 3 6 0 2 4 3 0 81.85

2 4 8 6 0 4 0 60 4 5 0 0 4 4 7 3 .3 3 400.66

T a b le  A-8 E xtracted concentration  o f  zinc from M 3051A

S a m p le
I n i t i a l

c o n c e n t r a t io n ,
w t . %

e x tra c te d  c o n c e n tr a t io n  (m g /k g )
S ta n d a r d

d e v ia t io nS a m p le
1

S a m p le
2

S a m p le
3 A v e ra g e

0 0 0 0 0 0

0.1 27 4 251 2 6 0 2 6 1 .6 7 11.59

Z in c 0.5 2120 1830 1860 19 36 .6 7 1 5 9 .4 7

1 4 3 60 43 70 3 9 2 0 4 2 1 6 .6 7 256.96

A 9204 8940 9 3 2 " 9 i 5~ 1 97."3
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Table A-9 Extracted concentration of chromium from M3052

S a m p le
i n i t i a l

c o n c e n t r a t io n ,
w t . %

e x tra c te d  c o n c e n tr a t io n  ( m g /k g )
S ta n d a rd
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3
A v e ra g e

C h ro m iu m

0 0 0 0 0 0

0.1 363 347 352 35 4 8.18

0.5 1764 1759 1737 1753 .3 3 14.36

1 3921 3929 39 37 3 9 2 9 8

2 6461 64 38 64 27 6 4 4 2 17.34

Table A-10 Extracted concentration of nickel from M3052

S a m p le
I n i t i a l

c o n c e n t r a t io n ,

w t . %

e x tra c te d  c o n c e n tr a t io n  (m g /k g )
S ta n d a rd
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3
A v e ra g e

N ic k e l

0 0 0 0 0 0

0.1 24 7 258 24 2 24 9 8.18

0.5 98 6 1103 1145 1078 82.39

1 2485 2513 2 4 3 9 2 4 7 9 37.36

2 4 5 7 4 4613 4 6 0 2 4 5 9 6 .3 20.10

T a b le  A -ll Extracted concentration of zinc from M3052

S a m p le
I n i t i a l

c o n c e n t r a t io n ,
w t . %

e x tra c te d  c o n c e n tr a t io n  (m g /k g )
S ta n d a rd
d e v ia t io nS a m p le

1

S a m p le
2

S a m p le

3
A v e ra g e

0 0 0 0 0 0

0.1 293 274 2 8 7 2 8 4 .7 9.71

Z in c 0.5 2 0 7 6 2085 2 0 8 9 2 0 8 3 .3 6.65

1 44 35 44 28 4 4 5 2 4 4 3 8 .3 12.34

2 9665 96 76 9671 9 6 7 0 ." 5.5
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Table A-12 Leached concentration of chromium from AVLT

S a m p le
I n i t i a l

c o n c e n t r a t io n ,
w t . %

le a c h e d  c o n c e n t r a t io n  (m g /k g )
S ta n d a r d
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3
A v e ra g e

C h r o m i u m

0 0 0 0 0 0

0.1 270 2S0 2 5 2 2 6 7 .4 1 4 . IS

0.5 1376 1362 1368 1 3 6 8 .6 6 7.02

1 3 2 94 3145 3 2 78 3 2 3 9 81.79

2 5256 5408 5 2 3 0 5 2 9 8 9 6 . 1 4

Table A-13 Leached concentration of nickel from AVLh

S a m p le
I n i t i a l

c o n c e n tr a t io n .

w t . %

le a c h e d  c o n c e n tr a t io n  (m g /k g )
S ta n d a r d
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3
A v e ra g e

N ic k e l

0 0 0 0 0 0

0.1 3.62 9.52 6 .8 4 6 .6 6 2.95

0.5 26 88 48 61 31.43

1 44 130 92 146.7 43.09

2 64 166 128 311 .5 51.54

T a b le  A -1 4  Leached concentration of zinc from AVLT

S a m p le
I n i t i a l

c o n c e n tr a t io n ,

w t . %

le a c h e d  c o n c e n t r a t io n  (m g /k g )
S ta n d a r d
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3
A v e ra g e

0 0 0 0 0 0

0 . 1 206 220 2 9 6 2 4 0 .6 6 48.42

Z in c 0.5 1478 1660 1798 16 45 .3 3 160.5

1 3643 3488 3752 3 6 2 7 .6 7 132.66

2
____________ . . ... .  . . ..

8280 8314 87S8 8 4 6 0 .6 6 2S3.9S
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Table A-15 Leached concentration of chromium from TCLP

S a m p le
I n i t i a l

c o n c e n t r a t io n ,
w t . %

le a c h e d  c o n c e n t r a t io n  (m g / I )
S ta n d a r d
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3
A v e ra g e

Chromium

0 0 0 0 0 0

0.1 5 .7 6 5.61 5 .6 6 5 .6 7 0.076

0.5 25 .9 2 5 .9 8 2 7 .1 6 2 6 .3 4 0.7

1 4 5 .6 7 4 6 .4 4 4 7 .8 8 4 6 .6 6 1.21

2 102.5 10 6 .84 107.1 1 0 5 .48 2.58

T a b le  A -1 6  Leached concentration of nickel from TCLP

S a m p le
I n i t i a l

c o n c e n t r a t io n ,
w t . %

le a c h e d  c o n c e n t r a t io n  (m g /1 )
S ta n d a r d
d e v ia t io nSam ple

1
Sam ple

2
S a m p le

3
A v e r a g e

N ic k e l

0 0 0 0 0 0

0.1 N D N D N D N D -

0.5 N D N D N D N D -

1 N D N D N D N D -

2 N D N D N D N D -

R e m a r k :  N D  =  N o t  d e t e c t e d

T a b le  A -1 7  Leached concentration of zinc from TCLP

S a m p le
I n i t i a l

c o n c e n t r a t io n ,
w t . %

le a c h e d  c o n c e n t r a t io n  (m g /1 )
S ta n d a r d
d e v ia t io nS a m p le

1

S a m p le
2

S a m p le
3

A v e r a g e

0 0 0 0 0 0

0.1 N D N D N D N D -

Z in c 0 .5 N D N D N D N D -

1 N D N D N D N D -

2 0 .1 37 0 .1 4 2 0 .1 3 5 0 .1 3 8 0.003
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T ab le  A -18 Leached concentration of chromium from NFMI

S a m p le
I n i t i a l

c o n c e n t r a t io n ,  
พ  t .%

le a c h e d  c o n c e n tr a t io n  (m g /1 )
S ta n d a rd
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3
A v e ra g e

Chromium

0 0 0 0 0 0

0.1 5.47 5 .09 5.21 5 .2 6 0.19

0.5 16.85 17.06 17 .14 17 .02 0.15

1 28 .37 28 .45 27.71 2 8 .1 8 0.41

2 40 .23 4 1 .0 4 39 .57 4 0 .2 8 0.73

T a b le  A -1 9  Leached concentration of nickel from NFMI

S a m p le
I n i t i a l

c o n c e n tr a t io n ,

w t . %

le a c h e d  c o n c e n tra t io n  (m g/1 )
S ta n d a r d
d e v ia t io nS a m p le

1
S a m p le

2
S a m p le

3 A v e ra g e

N ic k e l

0 0 0 0 0 0

0.1 0 .0 3 4 0 .018 0 .015 0 .0 2 2 0.01

0.5 0 .0 2 4 0 .027 0 .025 0 .025 0.001

1 0 .0 2 9 0.023 0 .025 0 .0 2 6 0.003

2 0 .0 32 0 .0 3 4 0 .0 28 0 .031 0.003

T a b le  A -2 0  Leached concentration of zinc from NFMI

S a m p le
I n i t i a l

c o n c e n t r a t io n ,
w t . %

le a c h e d  c o n c e n tr a t io n  (m g /1 )
S ta n d a r d

d e v ia t io nS a m p le
1

S a m p le
2

S a m p le
3

A v e ra g e

0 0 0 0 0 0

0 . 1 0.051 0 .045 0 .0 4 4 0 .0 4 7 0.003

Z in c 0.5 0 .2 18 0.23 0 .215 0.221 0.007

1 0 .2 58 0.251 0 .2 5 6 0 .2 55 0.003

2 0 .272 0 .2 5 " 0 .2 5 9 0 .263 o . o o s



78

A P E N D IX  B

T a b le  B - l  The allowable value of heavy metals in leachate according to บ.ร. EPA

iMetal C o n c e n t r a t io n  (m g/1)
Arsenic 5
Barium 100

Cadmium 1
Chromium 5

Lead 5
Mercury 0.2
Selenium 1

Silver 5

T a b le  B -2  The allowable value of heavy metals in leachate according to Notification 
of Ministry of Industry No.6 B.E. 2540

M e ta l C o n c e n t r a t io n  (m g/1)
Arsenic 5
Barium 100

Cadmium 1
Chromium 5

Lead 5
Mercury 0.2
Selenium 1

Silver 5
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