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Effects of methyl ethyl ketone on the enhancement of
Ag leaching efficiency from used X-ray film
in nitric acid leaching processes.

JO, Hyeon Ji

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University
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Abstract

The increasing demand for silver has required many studies for recover
of silver from industrial wastes. Used X-ray films that is one of the
photographic wastes are good sources of silver and polyester, because a
polyester was used as film base in the X-ray film. On the film base,
adhesive layer and emulsion layer are attached in turn. Silver components
exist in the emulsion layer and generally the films contain around 1.5-2%

of silver.

Silver from used X-ray films was recovered mainly by nitric acid leaching
in the conventional process. However, in this process, concentrated nitric
acid at 80-100C dissolves about 80% of silver and 20% of silver remains in
the residue. Further processes such as incineration followed by leaching

must be required because remained silver have to be dissolved.

This study was aimed at improving the conventional recycling process of
used X-ray film. Because the emulsion layer containing silver is attached to
the base film, only one side of the emulsion layer is exposed to the
leaching agents, which could reduce leaching efficiencies of silver. It was
expected that the leaching efficiency of silver could be enhanced by

separating the emulsion layer from polyester.

Methyl ethyl ketone(MEK) has been reported that this organic solvent
could dissolve some resins. Also MEK has been famous for cleaner or
thinner for polyester because MEK could change the surface property of
polyester as film base in X-ray film. Thus, it was expected that addition of
MEK could separate the emulsion layer from the film base. Therefore, two
kinds of experiment sets were investigate; the separating behaviors of the
emulsion layer in MEK solvent and the effects of using MEK on the

leaching of X-ray film in nitric acid solution.

_Xi_
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The separation process was investigated under the following conditions;
reagent MEK, temperature room temp.-60°C, agitation speed 0-400rpm, film
size 1x1cm, and pulp density 20-80g/L. The separation efficiencies of the
emulsion layer increasing temperature but decreasing film size and pulp
density. The separation was completed successfully in MEK solution at 50C
and 400rpm agitation speed with 50g/L pulp density and 1Xx1cm film size

within 3min.

A comparative leaching test was carried out in IM HNOs; at 50C and 400
rpm and 1x1cm with 10g/L, where two kinds of sample were prepared;
one is the used X-ray film piece and the other is the emulsion layer after
separating. The leaching efficiency of Ag increased to almost 100% within
120min using only emulsion layer(with separating) while the efficiency was

73.0% at 180min with the used X-ray film(without separating).

Although the separation process using MEK showed beneficial effects of
Ag recovery, it is not east to add new process to the conventional process.
Therefore, the feasibility of adding MEK to nitric acid leaching process was
investigated under the leaching conditions; 50°C, 400rpm, 1x1cm and 10g/L.
The amount added of MEK was adjusted from 0-10%. When MEK was
added 5%, the leaching efficiency of Ag increased up to 95.9% in 120min
while the efficiency was 73.0% without addition of MEK.

These results indicate that the leching efficiency of Ag could be
enhanced using MEK in the nitric acid process for the recover of Ag from

the used X-ray film.

KEY WORDS: used X-ray film # X-ray €&, Silver 2; methyl ethyl ketone(MEK)
w Yol & A E; nitric acid leaching; 24 &
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L11 &9 §4 4 Ro|23 8%

S(Silver, Al IAMZT 47HOE 11F9 FHF 94 F 3UE F, W
=, °lgE T A AgSel sednh. Age 3wl F&ou %%9] %
o A wen, E Fr)o] ois] Hste mo] & &4 ¥u

Mol grol Wlsth HEH6L8CI0) B Aab Ay Aol 24 F I}
& ey, AA8H Al FFE e 2%l 29 A9 0
SANRA A A% & 5 ok 2 258 9 A4S v §
dytx o= |, 7, ofd T A FT& AR AHESh

oHE S(Agel BuA - HekA Exo®m A8 Az 530 ~ T00tone] Lol
o] FHE F HFEE EoklA AEH Favt HAHT k(o]
64, 2011). KB F¢XF AIGAF220140)2] A Ao upzm Lo
W 9w EAA HFS 20089 ~ 20124 71F02 AARAE SO 4
(47.2%), BAF(18.4%), =8 T80L7%), sd %L wWZ200.0%), TF *]'
(7.6%) F-3of o] &= Yt} 29 FoIAFH FA & i3 HIEE0]
oz A et HAV|E2HE 2 SFE 9T AF7 83 o] FolA
T glom( e A AT FA, 2006, DA AA & Fa9l 5%t ABFOR Z

2

=% 3 QlthHarikrishna et al., 2016). 53] UxdAte]l &o] A3 g A
F AAARE BEE Y TE5ol AT BHeESs 2AY F o (Vreek
et al, 2016), ZAH &4 B B 2o Fu SHA HI|EZHE BASE
25 YRl FH(recycling)dt= oA oS SUE ATkl A5, 2009).
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Fig. 1 The recycling amount of silver by sector(Silver institute, 2015)

Silver institute(2015)¢] =AF Aol ofstd 20101 ~ 20143 7|2 4F
AAakd o] W] wel 2kdg 2 o7 HE oF 50%°]4(83 ~ 85Moz)e] &
o] ALY, & A7 F21%), A FAC21%), EA B sH Ao R
29| FHRelFH o] o] FJXAL ATHFig. 1. °] & ARl AdelM T THedh
Hrle2s ARIHAY, X-ray BF, =28 EF Tol don, A= I
A AREE 29 B2 e AR A H7IERRE 3aste] Aabskitiel
=, 2009).

E3] X-ray 52 9 15 ~ 2%9 2°] EAta of, b F3Fo Azl 7
ZNERG 29 F48o] £ 23 YH(secondary sources)olztal & 4 ATk
(Harikrishna et al., 2016). F<ol= YAE 7Zid kel bAdE X-raye] EFo]
gojge] wet #@ X-ray BE] HAFS FAsE FAoth 28y Y
X-raye] Hgo] HHFHA & MAeid=o] ¥ X-ray ZE TAYHFLS {3
Ha 9gon, HYoA A" X-ray 29 A9 IFYE of 57d, R
109, 592 oF 35 de] BHEV|ZE] Ad ¥ #H7|HY] wfiEol wid #H X-ray
252 YAHIL Qo] o|2HEH 29 gRolFH L AlEE ZoE qd

(Silver institute, 2015). =3+ X-ray ZE Uds & o9 & &5 47

= 1

N
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1.1.2 X-ray &9 &4

X-ray E& XAo]l EAE vliFo] BT ol A= ol S FAHA
Aoz 758 F= AR QAAY fFA =4, fﬂ@ o] FeE &
Ae T 9Tt zdo = F&

o Wi #doly &9 FFE AAete ¥HE Xray BF 5oE TEE
o X-ray 959 Fxc dRPHO R Fig 29t Zo] FHol e "=
triacetate cellulosey}t polyesterAl &H/d<+A] Ad el A A|(base)7}F 150 ~ 300Mm
o FAl= A& Jom, XAA e fFAF(emulsion layer)e] AgE o]l

Ql gFe st=EZF(adhesive layer E+= subbing layer)o] =3t Q3 A=l
HBe] AR §A%0] X-ray BEo 25 w4 ~ 0um AEE =X
ATt =3 FAZF Yol oF lum AH=2| HZ Z(protective gelatin layer)<

st frAlEte]l A R HEFHE AL WASL ATHE=IEA T,

o] & fAZolE LRAS AT TRASE(AG, Aghr, AgCD«l wlA AR
AA7F AR Lol FASA BarEo] glom, BEe) FHE & AE FIFL
Az P} Begwd oo g2 g2 15 ~ 20%wwel <ol FFHd 9

thHShankar et al., 2010). 2 £ gH4

A 5o do] god RS ALY AAT GEASIE 3

FolZo g2 o|FetA HH o]Fo] HFo FFer YA Aoy, 2009).
z A (D3} o] XM v 9] & XA FA7E vbEete 22 EEAsLS
o2 SdHI SRASES dEE AAEH. mEA ALE 3o HE5E
7l LAY EHY &S FRetA HH, gl " 29 55 ~ 65%7F F
X-ray &) z&E31A ®h(Yazici et al., 2010; Harikrishna et al., 2016).

2

AgX — Ag’ + X (X: Halide element. I, Br, CD Q)
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Fig. 2 Cross sectional structure of X-ray film.




113 8% W (g ¥

7 X-rayg gl $iE Lo Prol2Pe B
% ZAol HEHol £9 Fol Utk AMelZY FHL A4 2
dazge pEos oEsr Hoos EFFHel F8HT ek AA
424 e 7 XrayBEg 980Co| e nedN a7t AT Ash)

B AlA(smelting) ¥ A Arefining 34 Fall ubg oz oF 95%H]| 7] 20]

N

L)

s] =¥ th(Ishikawa et al., 1993; Khunprsert et al., 2008). 1z} ZEL A7
/\] 1:]-0].9_'/\]31]. 719‘ 7]jﬂ/\P UJ Ol]]_}\]—g] EH7]9_.O§%;§O tﬂ—/\g}\];q ;]_. Oéo
Aol 7] el AT E A Y% A7 IPHIL U
FAAEEE S #H Xray BE5S A O=E I=sh= WA, ZEY AA
Aot FAS5S Eelstes WA F /A Wl Atk 434 T IETAH
drtzlo g P ghovk Ak AH7Y ASAR B 25 e PSS
of MRS FI7MAA 29 HAEE& FHA7I7] A WG 2 AAA L FAF
< 27 975 OF FIEHL Ao 53] 43S F8E A fde
S8 olyet HE AAA] FATFA ET QAL I = A= olF o]

4= Fo] &2 =37 Y3 AdF=E+= AleHcyanide), & 4Hnitric acid), E] &
k4 (thiosulfate) 5= HEAZ ol&sk= A77F =3 Hol gttt Gracia(1986)
£ 30kg/m® =9 At 4%(Iv) FatEFEAH0)E AEA S} ASAR o) &
st om, 10mm =72 A (cutting)® BE O ZFRE 227 A 88 ol
TAGEH =2 99.9%7F & Wol o] 2EHE H=HATHA (2)).

2Ag + 4NaCN + H,O + 1/20, — 2Na[Ag(CN),] + 2NaOH 2

Abdelaal and Farghaly(2007)> A4HS IESA 2 o] &3l o X-ray BELE
FH 2 3¢ AdFE At 2E5S 2mm ©|stE F2f(crushing)ste] 3
2% 90T, FHFx 20g/L, 6N HNOs] oA 29 98%7} o] =2 &
A Yazici et al.(2010)2 FEUYol &4 Yol A FHujj(catalysh= 2}-&3h= 2
7} 8ol L(cupric copper, Cu*)e] &z 3alol ElogAHAS &A= L3

=
3f
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AFE FYPstP o, 2] ()9 Hkgo o5t &9 &7} 7Hs3lh 0.5x0.5cm
9 Yo THE HZLE 25C, 0.5M S,0577, 0.006M Cu?, 1M NH3¢] Z7 oA
30% olujo] &9 93%7} LU, 48417 o] T &9 99.9%7F £ o

Ag + 55,05 + CulNHa),*" — Ag(S:05),> + 4NHj3 + Cu(S;03)5™ (3)

a8y AEF3AHES 48T A 9t oE AF e A4S o] 83 Wi
o &2 H]% g Fr e 3] stk ol& MM fE "BEe AAA
= 2 s = €89 ZHE EA7E 77 FAH

Hdolv dRtdor Hx3d F &AfluY EA st =
& °

2o 7 314" tHRadha and Arun, 2010).

A5 AAAe FASS BHA7I7] A 72 F4sUEE(sodium
hydroxide, NaOH)o]u o}A|EAHacetic acid, CH3COOH), -S-%AH4Hoxalic acid,
CoH:0p 52 f714F == i(enzyme)a o] &3t= WHol 2t Nakiboglu et
al.(2003)> ZE9] dEd TS FASHE Agido] A dulEe]r] wZo
B714 &gl & ol = o "“*%"—*liﬂ‘r Hhgol WEA JPHe= 42 48
sl NaOHell o3t A3 24 dS dsiianh 94 Z5S JdeSHEE A
stod 40C 9 Hd=x7] WollA 3023 dx:AZI= AAgE Fd <, 70 ~ 80T 9
1.0 ~ 1.5M NaOH &< oA 30 ojfel fAlZ2 43 w8l =AUt

Khunprasert et al.(2008)2 S4H4k, @E4L oA EALS] {7]4HE o] 831
A=S &8y FHzZ BYsts ATE SgdsYy. BE37] 1xlem, &
100C, #7145k s = 5%(w/v) 24 20 ool SA4E &AL oA E
o FAZ ‘:‘E]:%—E— Z+zy 100%, 40%, 18%5 UEMARL L, otMEAke] A

o

=857l A3

fl

=
o o

¢

filo
o

o rﬂé

F{
oth

i
e
Jo
N
>
sk
il
ot
[JO
ol
ol
32
A

Harikrishna et al.(2016)2 HEC 25 E & 3 A &4 40 SHe 1Hs}
o] dhgglole] 4 E o] &3l ATFE F3sY T Bacillus altitudinis GVCI11
o] vl R&) & A(proteolytic enzymes)oll o3 & FAlZo wa A2l
Al S 7hEsf(hydrolysis)ste] FAIS9 #87F 7Hs3tth. 2X2cm =7]9
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25 39 2

ool 60%2] FAIZo] Rejsof R,
2o 857} s Felstsin

o=

o o= A FHFHE ¥ X-rayBE
2l Ag 752 Table 19

i)d

< 1000U/mLe] &40l ©f3f

£% 40C, pH 109] ZAc]A 308

#7184 AE ol Asierael Wy

o @ HE

aokst AT

I_E

AxAsstr] 9@

Table 1 Methods to recover silver from waste X-ray films

Temperature
Method Medium P . Reference
of operation
Chwojnowski and
NaOH 70 ~ 80C
Lada (1985)
I , Cyanide Room temperature Gracia (1986)
norganic Abdelaal and
chemicals HNO3 90C
Farghaly (2007)
Yazici et al.
Thiosulfate 25T
(2010)
RCONH,+HNO3 60 ~ 100°C Liu (1989)
Organic chemicals > .
Oxalic acid Khunprasert et
Malonic acid 100C
Acetic acid al. (2008)
: Radha and Arun
Bromelain 55C
(2010)
Biological MGYP 15 ~ 28 Shankar et al.
chemicals (2010)
Bacillus o
o Harikrishna et
altitudinis 40C
al. (2016)
GVC11
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12 47 &3

#H X-ray @ E2HEH & 3Fstr] g A2 A7 WAL o A
|3te FAHA Hol FEEHL = gAelE" FHoEE= Fig 39 22 &

AEF40] Atk WA ZgolzHE Ao AAAE A&t Hs] &8+
= AA =271 1x2cm ~ 2x4cme] =72 Fdkcutting)@teh. o] F HEA =
2 4Hconcentrated nitric acid< ©]&3tH, I= Al =% 80 ~ 100C =

o] BE4<l 86T 9 o] ,%zjoﬂxi AZS PatA At o] wf oF 80%2
20] 30 ~ 458 oYl HAEHY, AEF F IFHE IAFJo2RYH &5 I
stA A oh

ofrﬂ 2
X,

il

i
.

Waste
X-ray films

v

Cutting(1x2~2x4cm)

v

HNO; leaching
(Concentrated HNO3,
80~100°C, 30min)

|
v J J
Emulsion Polyester Leachate

\

Incineration

Fig. 3 Flow sheet of conventional nitric
acid leaching process.

I3 80 ~ 100Ce] 2xx74d 9 1559 A 27 AR 20% &
S HAEHA & FAZ Fol o2 H(emulsion) AEje] FALZ EASHA =
o} ZESE=E &L 34817 Y8l Al AZHincineration) ZAE A A Al(ash)
=

5 F ARE FHL Adck nExe Y4 AEAR o143
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A 2@ o123 WA

H X-ray BF T AT Agtd A8 TF AAAE AEH= EEd
HE2 5o Fa5Ao 2 F2m2 7] Lo dd5A FE mHol H2HA
Al ZRSY FAISH AAAZTES AstA AdAh olwe] HZA
(adhesive layer)olgtal slH, e Agels 34 Zu|dy
gl 2 2}o] = Al (polyvinylidedne  chloride, C,H,Cly), ©ol=Z€=Z YEH A/ (acrylo
-nitrile, C3HsN) 59 FA(resin)E  A-83t  Z® cH(Graham and Jones,

1995). & AFollA = 71Ee] AgE s #alst Xray I % &
_%
s

K
oL o
olj
ftlo
2&
b
ke
ol)h

[

g

ToF 2 AAASH =xFo 54 |83t 5 AAAYL FASS &
YAA A=A ASske FASe 194S S77IE AAEE PstaAt &
Atk

AAANZ AEEE ZEldzH 2 45 EH A& Al(cleaner) ¥ I8 34
A|(coating thinnenNZ 7] -8 uj (orgamc solvent)Ql methyl ethyl ketone(MEK)<}
methyl isobutyl ketone(MIBK)7} AF8-%H &= Ao =Z <d#lA JWypych, 2001).
MEK E+= MIBKe} 22 7787t Zejdlzs =2 3 A =Hd 21
ofix]e] ®Wstol] o3 FA|FH Hafjxl WA SFhE AXAZTH FAH Tl
Y E s o] AT AoE o dHT

=3 7UEEER ?““ﬂ StExSe dbdor fr)8viet H=e A&

£l g Fako] J@%—s} A4e At 184 24 24 AHelHe T
BAE Abele] 4E LeAAE Aol

2h-g-o] ki
S| A7} 7]o]Eo] Alge) RYow REol QEA Hr} oo oI LujE
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Al EARL mRAAFEC] S HolA gl Kol B4, gefshe Azl
sl w&3 LEAFA S L7t 7hs s

AFA 5020122 #H M3 27]H e 35S 47 A3 F500 HEAH
AE TEA £ ByE 2307 dimethylformaide(DMF)E o] &3&ke] 11
Al —5—]_1

o A+

A FAE & u7k ok oA 5(2012)2 #H I =TS T
= 5548 dFA #A, J2A 2 A"HARZ ALHE L2AFAE £
glsl7] 98 N-Methyl-2-pyrrolidone(NMP)3} DMFE ©]&3}%th Jeon et al
(20172 #HSn-Bi-Cu&tH ZHE Sn, Bi, Cud] H&L 98] #5UAE =8 in
A+ epoxy resin S MEKE AHg3led A ASATE Grause et al.(2015)-2
Zeo 22 A f(fabric)ell Z® =] U= polyvinyl chloride(PVC) ¥ F&
A As7] {3 tetrahydrofuran(THF), MEK, cyclohexanone, cyclopetanone}
DMFe} 22 #7]8mE AR&-3FA T

b X-rayZEe f718ME AL S ZEolxH 2 A W
st 2 stz gafe]l 7 A d<lel o5 AAAFTH FAFTY vt
sttt ddste] FYdd e Akt B AFolMe X-ray 259 &
= fa & fr1eme 28 AFom 4ol A v o] FriFor
S AHE 7R R AERF f7]8(Tsunekawa et al., 2008), # € ol &7
E(methyl ethyl ketone; MEK, CH3C(O)CH;CH3)-S AF-&-3}4th.

_12_

Collection @ kmou



2.2 & (Leaching)
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&
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Qr T AIZ Ol 3A] Ao} @A T Tud A=A &

S FHe] FHF

. AzA

B>
4

H &S

D: 2 A2 <10 Pem?/s)

Concentration of diffusing component

Distance from solid surface

Fig. 4 The change of solution
concentration diffusing to solid
surface( 3 & 3 2], 2002).

714 FakEe] FA(0)E mure]l A= w2l WHEsn dubH o
Aol A 0.05cm, =E3E wukd A9 0.00lcmE AT 3 9 3}
2002). 919 2ol oJa] W-gEHY A& %(dn/d)E F7HA717] SlE
AdAel WA Srls=(c- )5 IA st FxtFe FAE 2

= 1
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871 dok F, FHAE SNV A% FES 24 2 ddo] 8 75HH,
A9 FE=F77F 87HY, bEY FAE FAAATT] R FES 1wy
g 83

HHEE50] A It o g 59 Ao "t 543 s oA HH,
@A oty 2&7F 10C FS71eel wet v s 2818 Frhske A
o2 BaxoZtHFogler, 1998). 4 (5)¢} 22 gshukgo] dojdtta 71435t
Ao o, 318 Mg 5= 4 6)F Zo] Fog=E 4 Ut

aA+bB—cC+dD (%)

rate = k[A]*[B])° (6)

o714, ke SEA(reaction rate constan)EA] FA oA AAEHL Y= B
T=Y TEE AT Zg 84E XS] "I g A= oyt ®
3 k2 H¥kS & Ab<R(specific reaction rate constant)zal:® 3k, o]= T/l
2579 342 HAHE F Ao AARESA A A o245y &ujet e
O& dgrEE9 SRS gk 9F S 2ERT= X A7) ojfol
tH(Fogler, 1998)

W&o 2282 4 (D, 83 o] Arrhenius A o2 8T
UTE ol ST 2o gt AFA R FUFeEA =9, ket
1/7ol thste] yERE w AMZ<] #AVE SAZTE AP A olt(E 3 g Z
T2, 2002).

lnkZ—%LT-i-lnA )

k= Ae FIET 8)

A A g g A preexponential factor) == FIE1A}

E : &3} o X|(activation energy), J/mol

R : 7|A%¢4, 8.314 J/K - mol

7: 2%, K
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AApoIH, &3 U= Hheol

Uep =
E PN IR

<l

=E

g =4

23l
FHAH =R

SISIEEY

o

Gl

24 A

= )
FEEs

Apel o]

A5

74zl

EE

Sls

o] =

o
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BokA 7] w&ol
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2.2.1 &(Ag)e] A&

B ATe H44HE A2THE 4 O} o] ALY X-ray BE FHH
oIl Ag'E &rlo] ol& FelE AL Aot Age FauT AR 2
oA Faclevte] APoRE %X Ronw =9 wi frolenth 7

& s E Agslok BrhEsEst 454, 2002, kA B AFAE o
goERE 28 AES] s AA e dE N AEF
Faste] A4 AE S MPsAn = o3 Y AE WS

o

el
gatd A Al 2 DY 2 PBAAFAJA(Gibbs free energy)E o] &3}
o

e o

AG° = —nFE’° 9
n: BF2o] 2 st= AR F(mol » e7)
FoH 8 o] A47(96500 Cf/mol « e )

E: 35 A AL O

f

2o o) &}stut-go] A7 dojd o+ 3
o A2=AFAU A7 Fe] FHaG > 0)e 7HE A S
Ast, A2AZAFo|qx 7 29 Hac<0)S 7FE S Aukgo] A%

F2 Ak A2ARAUAst 09 ASAE HY wol AHSH By

rlr
Y
(2
I
o
o
2
i
A
30

S o Ho

Ao dHbzZzutkS(half-reaction)S 2] (1003 2] (1Do)H, &5 #HAlo =g
A& A bkg2e 2 (12)9F ZoHBard et al., 1985).

Agy = Ag"+e” E°=—0.80V (10)

NO; +4H +3e” = NO+2H,0 E°=0.96V (1D

3A4g(,) +4HNOy(,)) = 3AgN Oy, + NO,) +2H,0 E°=0.16V 12)
- 17 -
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A& w2 AR AE o] &3t HaAFAUAE A4tsta

—3mol « e X96500C/mol « e x0.16.J/ C=— 46.32 < 10°J/mol (13)

AG°=
AT As FAE F dH ol

24 =9 @< Yeizz AGuksol
kel o3 29 H=o] 7Hed Aor Addn
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Al 3 & X-ray DE EYAF

31 43 i

X-ray 59 ZejozHzZ2 AEY BEAAASL FA 43
S APstHch AP A8d H X-ray ES A 2ALA TR FTHE
X-ray €& #HI7|EZ Fig. 50 22 FHeoly X-ray IES 1x1, 2x2,
4x4cme] A72 Aggt T Ao AL8-3FH thFig. 5(B)).

A B

Fig. 5 The photos of waste X-ray films (A),
waste X-ray films after cutting (B).

= w8 243de @l Fig 69 AAE o] &3t 1Pt &
o 2% #A9 =d& 98] F2X(water bath with built-in circulating
pump)¢} 250mL &2l A H|F(jacket beakern)E o] &3P, WA ZE=
A2 1 HP7](magnet1c stirren)E o] &3tAth 2 Ade A& Table 29} #o]
24 MEK(methyl ethyl ketone, 99%(w/w)), =% 2 30, 40, 50, 60°C, nl %t
£% 0, 100, 300, 400rpm, FHF %= 20, 50, 80g/L, A7+ 602 3t ZI3)s}
Rom, 718l MEKS SIS 97] flaf A BvlA dFtol A2 vlE
A8kt

AU e A7 B o] MEK 100mLE 93 E¥ L5717 5247 & A
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"E9 Jfe] MRS By F &(separation efficiency) 2 E 3 st
Ng
Separation efficiency(%) = TX 100 (14)
T

s - w2ld X-ray &9 N

Ny o AA X-ray &2 M

1. Water bath
2. Jacket beaker
3. Magnetic bar

4. Magnetic stirrer

Fig. 6 Schematic diagram of separation apparatus.

Table 2 The parameter and range of parameter in swelling experiments

Parameter Range of parameter
Swelling agent MEK(methyl ethyl ketone)

Time(min) 0 - 60

Agitation speed(rpm) No agitation, 100, 300, 400
Temperature(‘C) Room temperature, 30, 40, 50, 60
Pulp density(g/L) 20, 50, 80
Film size(cm) 1x1, 2X2, 4x4
- 20 -

Collection @ kmou



32 49 A% & n&

T

32.1 uRtEEd O FAZFY EIAT

2% 50C, Fdsx 20g/L, EET7] 1xIlcme ZHA wHlEEE (0 ~
400rpm°i WEA 7] MEKg§ oA X-ray dEo HedgS APsAh
o % BEod "E9 e+ Fig 79 YeERAY. Fig. 7(@= ddE X-ray
&9 xZoln Zg Fole FEXN FHY FASEFg 70N ZdEHE=E
AAASFg 7)oz AT ZgolzbE AASES geho]7] wEo
Ao X-ray BEH gA THEE 4 14H)E T3 EHFEE Atte] 7Hsst
Atk

=

Wik W 2y A4F A3%E BYasz Aldbste] Fig 89 ==
UERAA T X-ray BE2 EE aRtEES] oA 3% ool 100 % #2
He= o] FAHAY. ofHI dH=2HE MEKe| o3 AT A5 AAA
of BE7F 7hede Fdsklal, BEe YAl e wRke Gl A9
e Aor F3dn. oj¢t o] BE wWrEE A HE] HEs WE
A dREHY APe JAPsked Qo] AR EHV&EH% FAE7] #fsl o] 52
2E 22 Ao

Fig. 7 The photos of waste X-ray film before separation (a),
emulsion layer after separating (b), and film base after separating
(©).
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100 = = ]
= 80
S
'54
2
L
g
.E 40 —&—{rpm
g —=—100rpm
w20 ——300rpm
—=—400rpm
u T T
6 o 12
Time/min

Fig. 8 The separation efficiency of X-ray films with various agitation speed
(swelling agent: MEK, temperature 50C, pulp density 20g/L, film size 1X1cm,
swelling time 12minutes).
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322 &£=d ©E fASY EIAT

WHFES 400rpm, FYF = 20g/L, EEF7] 1x1cme A 2= &5 A3
A7l MEK&Yol| 2] X-ray ZEo A4S APttt MEKS] Z2=H&
79.64C=2 43 F MEKV} S¢E 4 Jlomz Sks wAstr] 93 2239

= A ~ 60C= 2AHsto Pkt Fig. 9ol oF AlZEe] Wste] mE &
g Ea&e Uetlde. 2=x310] 50T ¢ 60Tl 7% 33 ool 100%2] &<

rfo
k

BES B2, 0CoAAE oF 407, 40ToA = 25& olFd HF9 &7t
AU =T DS A e A2AHAAE 1AL o]FoE EEEE
< 50%E YERAS

Grause et al.(2015)9] ¢Jstd PVC ZBZFS A AsH] sl 71 &ME ALE

T A4S 29% £3 A5t A8E exol et GFo] An LI} ¥L4F
A8E AAge ME Hoz Ryt B APIAE 257} SIS
FEEF AASEY FAZ GAFH AAAFol e S50} FHHE
gelstgith. o ed Aoz E MEKE o 88 X-ray BEe] ool £57)
G| 2 ZOE FZEH) W) o]Fe] ¥ APAME LERAS 50CE
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100 —
—ib— 60°C

s —=—50°C
—— 40°C
——30°C

60 —e—FRoom temp.

40

Separation efficiency(% )

Time/min

Fig. 9 The separation efficiency of X-ray films with various
temperature (separation agent: MEK, agitation speed 400rpm, pulp
density 20g/L, film size 1X1cm, separation time 60minutes).
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323 FAFEo] w2 FAFY LAAT

WHHEEE 400rpm, 2% 50C, TEZ7] 1x1lcme ZAANA FYF=E 20 ~
80g/l. WElA7|H MEKE& oA o] X-ray BEe] Heldde st} Fig.
100] Fols 2o} Azbe] Wsto] e BIELS UERAITh 20, 50g/Le] o
FE 200AE 3B ol 100%e) BelE&S Bgor), 80g/llel FE el
Az 128 olule] oF 54.1%9] HE&aEse Byl o] MEKS Eurch x4

H| 79 =7] 2 magnetic bare] wyreE g 2o J|AA Q49 FHA O s
g a0 AstHo] FAdsrrt S wEt 2ol Hadte How F
SHoh =3 80g/LY =AoA AFE A5 65F IEdHo EHAEES WUt
RAATE o] Azt EElE FES JFE StoE Rosiis Af, 289
Fol F7tgtell o8] FATY EEEET THastaA fASe WA T dFE
T EYE e A4l #EEIY o BEEHA ¥ BEoE IFH 61
9% Abel 9 ARt A
b = 5}
—e—20g/L
E —=—50g/L
‘E“i —i— 80g/L
& g
: /
" i
2
on
6 : 12
Time/min

Fig. 10 The separation efficiency of X-ray films with various pulp
density (separation agent: MEK, agitation speed 400rpm, temperature
50C, film size 1X1cm, separation time 12minutes).
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324 9§ =V & FAZFe EYAF

X-ray &9 gno|ZFHGF oA &(Ag) ® olyzl g
A A Fadt ALo2ZA IFEH AALHT. FFAA
Eo2HE &5 355y o ZdiHES AFES 9E diFEE 1x2
cm ~ 2x4cme] Z7|E2 AgET. weta 8 &8 PAE

kol tial =ARSHATH

WHFES 400rpm, &% 50C, FAFx 20g/Le] Ao HE a7]|E 1X]1,
2X2, 4x4cmE WA 7| MEK& oA X-ray BE9o EAAL 13yst
At Fig. 11e Z&F Z7]9F AxHY W] W& E8a&S etk 1x1
cme] FE F7] 2HANAME 37 oludd 100%2] EEES EAFoL, 2x2,

0>’

4x4cme) BE 2] 2L 3B ol fAF0) BeHes @e BE
Ao 93 BelHA ¥a Q¥ AAAF) AAH] U= AL FAsG
. olel@ @S WEY 2717} Z74e) we WY RIsEs} A W
AT Aow BoET Leu 68 Fole fAFH AXAF 27} ey
o] 100%°] Eel&E&e Bo 5 Z7]o digh 28 &89 I A=
goit, WEY wWHol AL4F 7187t BEE F Aol 4A AT

= =
BE PF Aers 28 S5 s Ao R fddn.
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& gl
—s—I1xlcm
= —=—Ixlcm
3
P —Zr—4xdcm
=
G
g
g
=
£
&
w
6 9 12

Time/min

Fig. 11 The separation efficiency of X-ray films with various film size
(separation agent: MEK, agitation speed 400rpm, temperature 50C,
pulp density 20g/L, separation time 12minutes).
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3.2.5 MEK AAHGel WE #4152 AT

X-ray &9 EHE 93 AH&EE MEKe= HEAA, &2, sF A=x4
7149l At 2F AN FHFHL don, AR wiEs = AA 3
4 & MEKS] wjE&d2 oF 7.3%E AAsIATH&EEF, 2017). #iE2 4+

A, Bz wiEH7] Wil 719 AEAQ] MEAdes F=
Aloltt. whebx MEK #-& o] By FS ZaAr7]7] 98 252 &
& A EE MEKS] AARE 7Hed oAFE EASEALA ST

il

o

e we
Sl

LA A A« el
;ei

ST 400rpm, =% 50C, FAdFE= 20g/L, BE F7] 1xIcmel A48 =
Aoz yvAH}P, BE B o AMEFHAW MEKE ZE H(filtering)she] 2
3], 33 AAESIRS AF X-ray ZEY wE A& vA= dFES FUSHA
ot Fig. 120 MEK AARE R5:9F AZEe] wistel] mE E2]8&<S YA e
W, 33| 7}A = HbESlgo AHglo] X-ray BELS BEF 3E oo 100% &
Hag A48 & MEKQ] Fy 54 4 Az2o stde W Ad A, T A
ol7b wmlg A& FAskaL, oldd AAEREH IFE o AEEHE
MEK+& AJAHE-o] 7led Aoz Addn,

1A

4

]l
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& &
—e—1st

-~ -2
=
E —fr—3rd
g
<
g
=
£
g
[ 4]

] o 12

Time/min

Fig. 12 The separation efficiency of X-ray films with re-using MEK
(separation agent: MEK, agitation speed 400rpm, temperature 50C,
pulp density 20g/L, film size 1Xlcm, separation time 12minutes).
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A 4 F X-ray BEOoZHE 29 A&

4.1 ANE EA

Az APNA AHET AEE 5 g APdA AT A B
9} HU3 FPE X-ray TE HI|ES ALEAT. H X-ray TES 1x],
2x4, 3x3cme A7Z|E HAA3 & ARG oH, dExFe AASA B
dE(Fig. 7(@)3 MEKE o]-&3ste] EZg]ol 2B 2 AAA Y EAX
1) F T7Y ARE Ao AR, 25 #+9H 54 HU}
A ALE 1] 3 (SEM, Scanning Electron Microscope, JSM-6380, JEOL)o.2 #4158
T35ttt Fig. 132 X-ray 5 E£W-S 50000 &0l FF3 A= 34
S(Age 9 dFelolw tigk 05 ~ 1ym F7|2 Aol Aztel Alo]Abo]o
EATS Y F AMH. HEC FHE S FEFS &Vl s sEA
(concentrated nitric acid® &aiAlX] FH, LAFZEZF=A(AAs, Atomic
Absorption Spectrometer, AA-7000, Shimazu Co)E & o]&9 w5 EA3}H

on, A9 Hi & FFS of 22800mg/kgeltt.
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Fig. 13 SEM(Scanning electron microscope) image
of X-ray film.
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42 A4 T

A& A= 500mLe] 57 pyrex ¥WHS-Z|(reactorn)E AFE3sF A, HHS-T9]

=
T LAl =wrS v El7] 93 2=7|(reflux condenser)E

=]
T
2= A(thermometer)E 72t Abgstdom, &He wyHkg 93] wybr]

HE 492 F /A BRlez JdEglon R mA=E Fig 150 yE
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1. Heating mantle
2. Reactor

3. Reflux condenser
4. Agitator

5. Thermometer

Fig. 14 Schematic diagram of leaching experimental apparatus.
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X-ray films

W
Cutting
Separating X-ray films Leaching
i (MEE+1M HNO:)
4 k'
Leailung S/L separation
Leachate v v
Solid Leachate
(Polyester) (MEE-HNO;)

Fig. 15 The flow sheet of leaching experimental procedure.

Table 3 The parameter and range of parameter in leaching experiments

Parameter Range of parameter
Leaching agent 1M HNOs;, 1M HNO; & MEK
Time 0-180

Agitation speed(rpm) 300, 400, 600

Temperature(C) 40, 50, 70

Pulp density(g/L) 5, 10, 20, 50

Film size(cm) 1x1, 2x4, 3x3
- 34 -
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Fig. 16 Effect of separating on the leaching behavior of Ag (Ieaching

agent 1.0M HNOs, agitation speed 400rpm, temperature 50°C, pulp

density 10g/L, film size 1x1cm, 180min).
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HNO; HNO;, HNO,

. Emulsion layer
D Adhesive layer

(b) |:| Film base

O silver particle

HNO, HNO,

erererorore o

HNO, HNO,

Fig. 17 Schematic diagram of X-ray film
(a) without separating, (b) with separating.
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Fig. 18 Effect of agitation speed on the leaching behavior of Ag
(leaching agent 1.0M HNOs;, temperature 50°C, pulp density 10g/L, film
size 1x1cm, 180min).
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Fig. 19 Effect of temperature on the leaching behavior of Ag
(leaching agent 1.0M HNOs;, agitation speed 400rpm, pulp density
10g/L, film size 1x1cm, 180min).
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Fig. 20 Effect of film size on the leaching behavior of Ag (leaching
agent 1.0M HNOs, agitation speed 400rpm, temperature 50C, pulp
density 10g/L, 180min).
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Fig. 21 Effect of pulp density on the leaching behavior of Ag
(leaching agent 1.0M HNOs, agitation speed 400rpm, temperature 50C,
film size 1x1cm, 180min).
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Fig. 22 Effect of MEK concentration on the leaching behavior of Ag
(leaching agent 1.0M HNOs, agitation speed 400rpm, temperature 50C,
pulp density 10g/L, film size 1X1cm, 180min).
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Fig. 23 Effect of agitation speed on the leaching behavior of Ag
(leaching agent 1.0M HNOs, addition of 5% MEK, temperature 50C,
pulp density 10g/L, film size 1x1cm, 180min).
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Fig. 24 Effect of temperature on the leaching behavior of Ag
(leaching agent 1.0M HNOs, addition of 5% MEK, agitation speed
400rpm, pulp density 10g/L, film size 1X1cm, 180min).
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Fig. 25 Effect of film size on the leaching behavior of Ag (Ieaching
agent 1.0M HNOs; addition of 5% MEK, agitation speed 400rpm,
temperature 50°C, pulp density 10g/L, 180min).
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Fig. 26 Effect of pulp density on the leaching behavior of Ag
(leaching agent 1.0M HNOs, addition of 5% MEK, agitation speed
400rpm, temperature 50°C, film size 1Xx1cm, 180min).
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