21

(Radiography) (X-ray)
(short
wavelength) 1
21
21 B A



211 ? (Composition of radiographic film)

4
2.2
Supercoat 1
Emulsion
Sub-base
Base
Sub-base
Emulsion
Supercoat
$22 ' 2
8/1000” 1/2000"
(Base) (Sub-hase)
(AgCl (Br, 1)) (Gelatin)
(Supercoat)
212 N (Film processing)
5
1 (Development)
2. (Intermediiate rinsing)
3 (Fixing)
4, (Final rinsing)
b, (Drying)

\



2121 (Development)

(Development)
(Developer)
(Metallic silver)

reducing agent
2122 (Intermediate rnsing)
2123 (Fixing)

3
fixing agent

fixing agent  NaS2 3 ( ) (NH42 2



2124

2125

(Final rinsing)

N”SjOj.NaBr

AgNO, solotlion .- 9
NaCl(Br, |) —

Golatin —————

X-Ray Fllm Preparalion
AgNOa + NaCl(Br,l) —

AgCI(Br,1) + 'NaNO:,

4

Film (70 lo 85g Ag/kg)

X-Ray or Light ——]

Fllm Expoxﬁro

AgClI(Br,l) + X-ray or Light — Ag*

Film

Daveloping .

Solution (1) AgCI(Br,l) + Reducing agent —AQ°]

Development

Spent Solulion
— ™ 1o be Discarded
(very low silver)

Film

Wa’ler'—_—» Washing |——Wash Water

Film

Fixer Solution (2) —|

AgCIl(Br,l) Removal .-
AgCl(Br,l) + Na,S,0
AgN38203 + NaCl(Br.,!)

3-—.

Spenl Fixer
~ 80°% Ag (3)

2.3

Film' (14 10 17 g Aglkg) (4
(Kunda

1989)



2.2

221

222

223

224

(Precipitation)

(Coagulation & flocculation)

(Sedmentation)

(Fitration)



225

+6

226

221

228

(Oxidlation - reduction)

(reducing agent)
(oxidizing agent)

13
(lon exchange)

( )

(regeneration)
( Evaporation)

(Reverse osmosis)

semipermeable membrane

semipermeable membrane

il



229 ‘ (Activated carbon)
2210 ' Actvated alumina
Activated alumina packed bed 1
humic alumina
)
alumina 589

OH >H2As0; > Si(OH)j0 >F >HSeQj'> Cr04» HC03>CI>NOj>Br>r

2211 (Electrolysis)

41 ' "1 Y s

23

(S A



13

B ¢
24 (Silver extraction)

2.12

2.3
800

10 1

20 1
(Hudson 1970)

(Silver estimating paper)

(Sodiumthiocyanate



14

solution) ferrie salt  indicator The Phillip A Hunt Company
Eastman Kodak Company Thioacetamide
( Eastman Kodak Company 1979)
5
241 (Chemical precipttation)

1.5
110 (Eastman Kodak Company 1979) fl
Ag2 24

105

(Cookll - Landerl970) ,
(Davis 1990) 2,4 6-trimercapto-5-triazine sodium salt (Knorrelt 1988,
Spearstl  Sentell 1992)



24

Solubility, mg/L

10°8

10°°

‘O.‘O .
10"" .

'10-12

1043

AgjS

£
_\ Pb
\
| T | | EEE e e RS (R e |
2 3 4 & 7T B 9 10O 11 12
pH

1994)

15
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AgNaSDj

2 AgNaSD3+Nas  -mememememeeees ) AgS+2 M &3 (21

(Kunda et.al 1988)

Na, 23+2HN03 ---------— ) 2NaN03+S02+s+HD (22
3Na, D3+ 4HNO3----  H2 +Na, 06+4NaN03+ 02+ HD (2.3)
2AGNaSD 3+ HES  <ereemee ) AgB+Na, D3+502+5+HD (24)
AgS , Na, 43, 02
Ag2
242 (Metallic replacement/ Cementation)

(Base metal)



25

25

1

12

sCooley 1993)

4.06.5

20

(Hudson 1970)
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1525
200-300
1-100 2 (Baird
1983)
Kodak
Recovery Cartridge, Junior Model 2 1 1
0.1-03 2.6 (Cooley 1990)
100 | ‘
Before Treatment
Silver = 4250 mg/L
10
1 mems( Jumem 1 Liter/Day
: mesmCOmmm | Liter/Week
' 10 ) 20 30 40 50
Weeks
2.6 Kodak Recovery Cartridge, Junior Model 2

(. 1 ) (Cooley 1990)




24.3 (Electrolytic extraction)

( )
2
2
2.1

N urae e 1w

4
5 < urit
< %

< °§1sn‘wq¢1mw
2.1
NaAgS2) 3 Nat+ (AgSD3  (27)

(AgSD3 > Agr+ (5032 (29)



28

(AgSD 3
(AgSDY
(Selfoxidation of thios fateto  fate)

(D242 woomeeen ) (S0)2+ 2 (210
Z Ag+ Ag2
AgS
QAQH + 72/ e ) A2 (210)
21—zt
244 (lon exchange)

1. Exhaustion

(Absorption capacity)

20



m21

(Regeneration) ,
2. Backwash
3. Regeneration (Regenerant)
(Cooley 1981) (Kreiman 1984)
4.Rinsing
(Lorenzo 1938)
0.5-1.0 0.1-0.2

(Conductivity control)

(Barbo 1987)



245 “ (Reverse osmosis)

cellulose acetate

100%

200 /

25

Netzer (1974)
(Discarded Automobile Tires DAT)

100

28
0.75% 30 %

DAT
0.1 21
2.2 ,
0.1 DAT
DAT DAT
(Sludge)



FC.

LIME
o T

\/
3 = SETTLING TANK

RAPID MIX

REACTOR

STOCK OVERFLOW

(5— sovution AND SAMPLE
! CLEAR WELL

21

28

(Netzer 1974)

pH
Metal "S- 3 4 5 6
Aluminum
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Mangnneso
Mercury
Nickel
Silver

Zinc

INDICATES _LESS THAN 01
TREATMENT WITH LIME A

23

ACID

RAPID MIX
REACTOR

(Netzer

VACUUM

FILTER

RAPID MIX
REACTOR

OVERFLOW
AND SAMPLE

J TREATED WATER

1974)

01

m _METAL RESIDUAL, AFTER COMBINED

DAT AS A FUNCTION OF pH.
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22 0.1
DAT (Netzer 1974)

PH -

Metal 3 4 5 6 7 8 9 10 1"

Aluminum

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Mercury FYPSSRFIFIRT FRRTRSRUNR ORI ORISR SV

Nickel

Siver Lo lecesided il T

Zinc

GREATER THAN 99% METAL REMOVAL, OR LESS THAN 0.1 ppm
RESIDUAL METAL CONCENTRATION, IN THE pH RANGE SHOWN

BY TREATMENT WITH DAT
#:: . BY TREATMENT WITH ACTIVATED CARBON

Sund (1986)

(Hg2) (AgH 30%
15% !
(HoS, AgS
Cu)
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Inorganic |

plant I

o
29
(1 11986)
Branch D.A. (1988)
BT 5
Gray J.L. (1988) Batch ~ Mayo Clinic  Rochester MN.
Kodak Hickman Cell Kodak X-omat Fixer 6.3 18
4.7 3,930
2.10
Kunda (1988)
15.7 60-120 1
211
100 1 1

2.3
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Silver, mg/L
10000 I
Average Before = 3930 mg/L Ag
Before Desilvering
1000 -
4100
Sodium Hydroxide
Drum Empty
After Desilvering
10
] Average After = 4.7 mg/L
<r ——————————————
1 I -
0 S 10 15 20

2.10

Number of Batches

Kodak Hickman Cell (Gray J.L. 1988)

100 T T T
\D 60 mL/L
—~ 01 F h
=
> 80 mL/L
(e}
| - Uiy
100
mL/L
© 000! |- * Conditions: 20° C: 7|
sprarging air; 1.0L
charge
120 mL/L
0000 |- %
1 1 1
0 4

211

1 ] 2
Retention Tirne (hr)

(Kunda 1983)



2.3

(Kunda

1989)

Stripping of Silver from Fixer Solutions with Nitric Acid;Effect of (a) Nitric Acid ,(b) Temperature and (c) Agitation on Silver Recovery under Various Operating Conditions

Investigated Conditions
Variables Time  Temp.
() (C)
Fixer-Head
HNOj 6 20
addition 6 20
y 4 20
6 20
6 20
6 20
Temperature 4 20
2 35
6 50
Agitation 9% 20
4 20

1. Calcined at 500°C in an air atmosphere to remove 0

Agitation

Air
Air
Air
Air
Air
Air
Air
Air
Air
No
Air

2. Residue left after calcining was Ag2 with some impurities

3. Recovery calculated on solution basis

Charge (L)
Fixer hno3
(157 M)
10 0.06
10 0.07
10 0.08"
10 0.09
10 0.10
10 0.12
10 0.08
10 0.08
10 0.08
10 0.08
10 0.08

Filtrate

Ag
o)
418
0.9
047
0.016
0.002
0.023
0.001
0.016
0.038
0.003
0.265
0.016

pH

bl
2.8
2.5
18
14
0.9
0.5
18
2.2
2.3
0.9
18

Products

Silver Residue

Weight (g)
Dried Calcined'
131 384
157 458
183 4.35
196 521
197 2.96
197 5.28
183 4.35
174 2.80
179 521
155 5.28
183 4.35

Comp. (%)

AgXs: 0
29.1 70.6
292 708
238 763
26.6 13.4,
150 85161
26.8 132
238 763
16.1 83.9
29.1 123
24.1 13
238 763

Silver Recovery (% f

80.0
90.2
99.7
99.9
995
99.9
99.7
99.2
99.9
94.5
99.7
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lon Floatation

dodecylamine

(Gas flowrate)

Zouboulis (1995)
Dispersed-air Floatation(DAF)
(Floatation time),
Lin Shin-Min  Yang Hann-Ming (1997)
r02+Ru02Ti
100
L |
0995
154
2
3.74
3
triazine (TMT)
2.14

1

100%
(Rinse)
5 18
4
212
125
213
100
trimercapto-s-
T™MT
T™T 15% 18



1e - pHEEQ
>-pH=f
*.pH=9
-«-pH=i5

0 0.5 1 1.5 2 25 3
Time (hr)

212
(Lin Shin-Min  Yang Hann-Ming 1997)

Ag (/L)

Time (hr)

213
(Lin Shin-Min Yang Hann-Ming 1997)

29
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5000
4000 f
ERad
= 200
1000
0 <+ @ -
0 5 10 15 20 25
TMT Conc.(mL/L)
2.14 trimercapto -s- triazine (TMTA

(Lin Shin-Min  Yang Hann-Ming 1997)

Jeyasedlan . Sathananthan . (1997)

1 Recovery Unit

316 2.15 1.5-9.0
42-5.0 9.0
45
2, COD  TDS
RX0-4 20,000 /
30 COD 90%  TDS  50%
60 COD

25%



ON/OFF  ON/OFF

SWITCH

VOLTACE

N N\ RECULATOR )

LICHT

TRANSFORMER

(\’) AMMETER
TO ANODE
TO CATHODE
1 MOTOR (N
MOTOR (L

l % ii RECTIFIER

|

T W

arth
C} FAN

CIRCUIT LAYOUT

F B RiRdB

ion

2,15
(Jeyaseelan .

100 1100

n

100 100 180

100
100

100

PLAN VIEW

anode circuit
UNIT IN MM

Recovery Unit
Sathananthan . 1997)

\

3l
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Pavlosthathis (1998)
(Activated Sludge)

(Fill and Draw)

1.84 [ MLSS TCLP test
(' Toxicity Characteristics Leaching Procedure)
RCRA (Resource Conservation Recovery Act)

0.2

0.1 /

26

5000 /.
20-30

6,800
( 1996)
1 11

1,500-1,800 °
20
20



X-ray Fluorescence Spectrometer

3
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