2.1

1 (decomposition)
(complete decomposition)
decomposition)

wet method

(13)

2.1.1
Spectrophotometry)  (14)

(partial

12)

(Atomic Absorption
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(electronic state) 1 (ground state)
(excited state)
(absorbance)
A = K.C
A = '
K =
C =
2
1, Calibration method

2.1

1.0

0.9

0.8 4

07

0.6 . .

0.5

sbsorbance

0.4 -

0.3 : /

02
. 4
4

0.1 £
v

O 10 20 30 40 50 60
conceniration pgimi

2.1
A3

013046



2.2

03

o
b

Absorbance

0.1

Standard Addition method IIf

02

2.2

0.1

Metal In Sample, ppm

A2

0.1

02

Metal Added to Sample, ppm

Standard addition

16
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2.1.2 (Flame Photometry Method)

Hame Photometry

2.3
o Detector
- ot = T T ——— Dispersing element _;_____
® ~~~~~~ —————— (grating) and slit ?
Entrance .
Fuel — optics
Oxidant —*_\_I ) Amplifier
i |
Sample Readout
2.3 (15)
2.1.3 (ICP-Atomic emission
Spectrometry)  (16)
ICP Inductive Coupled Plasma

(Flasma torch)
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(excited atom) .

ICP

quartz tubes ( 2.h)
Radio frequency generator (RF generator)
27 M RF generator Power supply  oscillator
radio frequency power ,
eddy current

induction heat igniter ~ Tesla coil
silica tube

RF

(' ') , aerosol
silica tube
coolant discharge

aerosol

igniter

ignition device Tesla coil

RF - power supply

Tesla coil Plasma tube
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o —
C .

- an ¥
ysun o _
y - I Analytical
AINTOUAN A4l ‘
. i 4 l observation zone
7 - N\
RF coil { ARECE AR - Magnetic
R YN T
current AA o field
N:} ’ . 4
| silica Y170 quartz
i'.f-._u
-:z tube
— .

1
e
! Auxillary argon gas

Aerosol carrier gas

(argon+sample)

4 S
JUM 2.4  udA9jUANBAN ICP torch

ICP
ICP If excitation source
Atomic Emission

Spectrometry Spectrometer ICP

power RF

2.5
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A
o] -

) Readout
-—yy Printer
console ._..._\
Spectrometer - H
: L----_--..._.\_

" RF generator

<— Ar
- Ar

f/‘%]' iti ; !7 Sample

Ar

'
v z) Plasma torch X
Matching > Recorder
box

2.5 I ICPS

2.1.4  X-ray Fluorescence Spectrometry (17, 18)

trace elements
non-destructive analysis

X-ray fluorescence spectrometer 2

1. Wavelength dispersive X-ray spectrometer
2. Energy dispersive X-ray spectrometer
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X-ray fluorescence spectrometer

50-300 (pellet)
' (X-ray bombardment) fluores-

cent X-ray

(dispersion)
analyzing crystal Bragg's equation
collinafdr b gBector ‘ 29 ! 777'T7
2.6 Energy dispersive X-ray
solid state detector (si detector) MCA (multichannel analyzer)

X-ray spectra X-ray 2.1
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ansouna

Fluorescent Detector

Analyzing crystal

Bragg's equation

2d sing = n>\,

2.6 1 X-ray fluorescence spectrometer
wavelength dispersive system (, 9
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Be Be
WindOW windows
detector- prea
i liqui
VA cryostat Setay
tube
Fluorescent
Amplifier radiation
Mu|t|channe| pulse-
height analyzer
(a)

Mylar
Sample :wmdow
RN o 1

He —»

Radioactive

sc;t::slg: \Sl (Li) detector-
ring preamp in liquid
N, cryostat
Amplifier
Multichannel puise-
height analyzer
(b)
2.1 Energy dispersive X-ray fluorescence
spectrometer  ? | (a)

Xray ()1 °""



2.1.5  Thermal Analysis (18)

| Thermal analysis

Thermal analysis 2

1. Thermogravimetric Analysis
Thermogravimetric

(Thermogram)

2% 2.9

Lamp @;\___ Shutter

7 %‘\’tunﬂuﬂin cell

Feedback coil .

|

[Temperaturt Weight measuring
contrcller ] unit

—
! Recorder

prer

Sample )

Thermocouple

Fumace

2.8 Principle of Shimadzu Micro-
Thermobalance (20)

2h

1200
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CaC;04°H20

Mass, g9 2

840° 980°

Temperature, °C

2.9 Thermogram CCO HO (18)

2. Differential Thermal Analysis (DTA)

(stable) ( a-alumina,
fuse quartz) 1 (At, <
RS 210 211
DTA

(heating process)

Sample  Reference substance  Generation of heat

xl <o |
Recording after '
5 amplification l
< AlClA \ Absorption of heat (3)

L Temperature
Thermocouple — 2 dif:'egex:lce
(dumbbell type) AT
Temperarure
Temperature
(b)

(2)

2.10 Principle of Micro-DTA (20)



2.2

BT :
. £ 2CaC;04 + Oz = 2CaCO; + 2C0;
3 8| F
3 w
a
£
2 o}
=
§ )
:" e — . C«DCO;“CIO‘*COQ
g _§ CaC304H;0 = €aC;04 + H;0
8
2| I
w
| l. | IO | | | | | J
0 100 200 300 400 500 600 700 800 900
Sample temperature, °C '
2.11 Differential thermogram

calcination

CaC4. 2 (19)

26
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2.2

2.3

21



calcination

]

CaCi3---1M0.c..> GO + @2 +429 K Calimol

000
(23) calcination 1 ‘
Flament, G. (24)  gas-solid high temperature reactor
catalytic effect
" lime Hehl, M (25)
bench-scale fluidized bed reactor 600-1000
batch
solid conversion  specific interfacial area
Denloye, A.0. (26) thermodynamic
fluidized bed combustor g 850
1
, combustor !
S-capture enhancing additive combustor
, 2

1 (Zinc blende)

28



600-900 2.12
5 ‘:‘L 3
/Joﬂﬁumnmﬁu\ — nael
o |f |
Hausundy- : ’
2.12 infflum | (27)
? , ,
650-700
® ]

29
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2
£

%\ B3 ¥ ot

nan

d

s
01n1A

(28)

2.13

furnace

blast

2.14
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Tletnsiau, ¥ 490°C —=

35 ussuaniA -

batch

' (valve)

Feld04 + 4 2 cmmmreeeeee >3 Fe + 4 2

950 ! 1 % conversion 86



2.3

1 calcination

flue gases

Schultze (30)

(suspend)

10

carbonation

calcination

(slurry)

1000-1100

30

70-80

shape factor (

. 80

60

32
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Judd (31) dolomitic lime kiln 20 500
20
75
57 95
1
, .9
|
25 carbona-
tion carbonation
1 .3
: 25
carbonation bell jar
100 30
[
99.8% 0.13%
Viswanathan (32) 800-
850 semicalcined

partial pressure
4-5 kglcm?2

rich cake

! . carbonation

| (aqueous
system) (33)



2.4

calcination

1400

(refractory properties)

calcination

reducing atmosphere

Barzu, D. (34)

2
, 105

|
(
800
!( n
66%

calcination

"dead-burned magnesite"

900 "caustic magnesite"

1000-1100

Solvay process 90

calcined

270
pH 10-12 105
calcined
‘(%) Liu, X. (35)
0.03-0.10%
I
pH 10

Pattinson process'(33)



partial pressure

calcined,

decarbonation

Sokol, V.A.
9% !

mother liquor

2.5

MgCI2. 6H20

35

carbonation

carbonation Il

(36)

calcined 1000

2%
1000-1100

«

calcined

(Dehydration)

| J02C9..5&0



chlorination

(33) Joan T. May @37 double-
salt decomposition it
\ organic amine
hydrochloride organic amine hydrochloride

MgCI2 Brine + ArN.HCl= ArN.HCI MgCI2.6 2< + 20

MgCI2 hydrate + ArN.HCI= ArN.HCI.MgCI2. 20

A 1 double salt
ArN.HCI.Mgd2 .6H20 = ArN.HCI .MgCI2 + 6 2< (qg)
_ArN.HCIMgd .nH20 = ArN HCI.MgCI2 + nH20 (g)

L ? organic amine
hydrochloride

AMNHCIMGCl = AINHCI () + MgCI2
MO + 2ArNHCI = 2AN (g) + MgCI2 + HX (g)

RN + HL = RNHCI
3% magnesium chloride brine
spray-dried magnesium chloride ] (pyridine
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hydrochloride) I
0.8% 98/4 organic amine hydrochloride

carnallite
(liquor) solar evaporation
|
oo
Scherzberg, H. (3) I
Carnallite Carnallite 1 2.1
362 o
99-9% seawater process Mg(OH2 filter cake
I i (33)
(39)
2.6
Technical grades
I usp grades
(%)
recover waste brines seawater bitterns
natural brines Balandin, N.P. (40)
calcined 760-835 I (hydra-
tion) (carbonation) 56-60 )

2

2.1 U
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! 1!
! ’ !
! ’ calcined
-calcined dolime dolime
brines .
!
CaOMgO + MgCI2 + 2 2< - > 2Mg(OH)2 + CaCl2
Andritz-Ruthner, |. (41) !
oxidizing agent ( ) alkalinizing agent
( ) " milk of lime
! 7
Siminiccanu, |. (42)
| 7 7
dolomitic lime

Ca(OH)2' nMg(OH)2 + MgCI2 ~emree >CaCl2 + (+ ) Mg(OH)2

Solvay process

Nazc& l! 1 1 1 1 7
Chrzanowski, J. (43) | ’
calcined 1500 19800
461 ( )
|
, 1520 . 99-8% ,
(sediment)

48 65%



I % 1 A 'Iff 860

I( 99.8% 19.800
1
John, N.P. George, .. (44)
d
I( I( L7
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