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ABSTRACT

This research was conducted to estimate the physicochemical characteristics of waste catalyst and its in-process
product from recycling and to suggest fundamental data for religious systems such as quality standards. Mo and V
contents were increased from the waste catalyst to calcinated material and oxidized material. In the results of a
heavy metals leaching test, Pb was not detected in any catalyst, calcinated and oxidized materials. Cu was not
detected in the catalyst. However, it was detected in <1.16 mg// for calcinated material and in 1.34~13.73 mg// for
MoO; oxidezed material. Concentrations in recycling in-process products (calcinated and oxidized materials) were
higher than those of waste catalyst. Oil content of catalyst waste ranged from 0.01-14.03 wt%. Oil contents of cal-
cinated and oxidized materials were greatly decreased compared to the catalyst waste. Carbon and sulfur contents
as chemical poisoning material of catalyst waste ranged from 0.33-76.08 wt% and 5.00-22.00 wt%, respectively.
The carbon contents of calcinated and oxidized materials showed below 20 wt%. The sulfur content showed below
8wt% for calcinated material and below 0.22 wt% for oxidized material.

Key words: Waste catalyst, Calcinated material, Oxidized material, Recycling in-process product
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AR A7) o3Pd 20073 FA A=te] HZEv)
7 AL MFA= 7193 157048t AHA
10714 5 F 294t Qe A= Yepgoy, &
AxAL A A B AYeR Qlste] 2009 AR
7Fs R0 & 20704010k & AteXE ol
FolA 771, 34, 3, el AT T i
JAE st 2AE TR eH, FANES
2 AEE FA T ASH 10l, S
2l wAE o7 AFSlE(V,05 B MoOs) 571 Al
EE AFsIATE AEs A 5480 weh dAE
© #AFue] FR7E gt A T flo] Rl w
E A8 HE Fosiglon, eSSty
AR EW(FCC FAZu], A EH A~C), ZE = Z
Ao Zw) (1CO #NZFv), A 5% D~G), Ni HZF(A)
89 H-~)), 2832 Pd dEF(AE5H K)E &3}
o AFAsAT ALE FHYPLEAM) F viAE
o] AEH-E (AF)E WHIA2H, V,05 AbstE
2 (G)~(I), MoO; AtlE-2 (N2} (K)E 838t
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Table 1. Valuable metals composition of waste catalyst and in-processing material (Unit : wt%)

Item Sample Al Co Ni Mo v Pd Rd Pt
A 1253  ND! ND ND ND ND ND ND

FCC* B 11.30 ND ND ND ND ND ND ND

C 12.20 ND ND ND ND ND ND ND

D ND 1.040  ND 4.04 1.45 ND ND ND

108 E ND 0.007 ND 1.19 437 ND ND ND
wc* F ND 0.003 ND 8.61 0.81 ND ND ND
G ND 0.003 ND 6.04 ND ND ND ND

H 3.77 ND 210 ND ND ND ND ND

Ni-catalyst I 4.1 ND 19.03 ND ND ND ND ND

J 9.77 ND 11.53 ND ND ND ND ND

Pd-catalyst K ND ND ND ND ND ND ND ND
(A) ND ND ND ND 1.20 ND ND ND

(B) ND ND ND 2.94 483 ND ND ND

Calcinated (©) ND ND ND 2.64 6.40 ND ND ND
material (D) 8.41 ND 0.41 ND ND ND ND ND
E) 23.00 ND 1.91 ND ND ND ND ND

v (F) 34.60 ND 0.01 ND ND ND ND ND
(G) ND ND ND ND 1690  ND ND ND

O’\‘;dged (H) ND ND ND ND 5.81 ND ND ND
e ) ND ND ND ND 726 ND ND  ND
Oxidized 0 ND ND ND 30.97 ND ND ND ND
MoO; X) ND ND ND 33.77 ND ND ND ND

"Waste catalyst, ‘In-process product, *Catalyst from fluidized catalytic cracking process, §Catalyst from intermediate crude oil

decoposition process, 'Not detected.
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Table 1= #HFue} TP ES o=
7hrge]l EAAAE UGl S Ed Moy
FTAFEATZANA DA E= #HFeiICO)NA
1.19~8.61 wt%®] &S eSS ¥ 535 &
S (FCCYy3A #AEml, Ni-H|Zvlf, Pd-H| Zvlf ol A
© BF AEHA F8trh vhE(V)E ICo0A &
HAE~437Twit%o] S Yepilom, vz 5
SN B AEHEA FUTE A F(1993))
T g YA-H2E S50 AL s AT
o AFu, HSFul, 2]l AYFue] RS F
A5k Az B Ao SN E Aveke ta o
£ do|] gloy v AFuollA AEEHA &
AL FEF oM E 2.5 wt%, AAAZTIME 0.1 wt%
9] ke Hol Zog Hdk vk Q) 8 f7t
F40 ZEHF(Pd), ZF(RA), WP A HZ&0)
N AZEEHA Zodth GFUHADNS Ee|Edlo]
v ovhEa 9] AR &5 AE
HA ko, 53 AEENTH Al e
ok 12 wt%, Ni-FlZujolAE oF 4~10 wi%S et
Wadth ARAAIEA ASuls S AR w5
(Ni, Mo, Co, W) &Jolx ¥fol = e V,
Ni 2 Fe 5°] A =0} ko] 54 Fist
AkY AFEg HFulo] 79 BAHCE Mo
3~6 Wt%, V 0.5~12 wt%, Ni 2~3 wt%, Co 0.5~
1 wt%®] s vepdiH, 2HEs #H5v= Mo
2 69 wt%, V <0.5wit%, Ni 0.5~1 wt%, Co 1.5~

Mo Kl
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ATk, ool = 22 AN HlAET} MoO; AFshE
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Table 2. Leaching concentration of heavy metals and oil for waste catalyst and in-processing material (Unit : mg// except

wt% in case of Oil)

Item Sample Pb Cu As Hg cr Cd CN oil
A ND' ND 0.02 0.001 ND ND ND 0.02

FCC B ND ND 0.02 ND ND ND ND 0.01

C ND ND 0.01 ND ND ND ND 0.03

D 0.01 ND ND 0002  ND ND ND 6.74

- E ND ND ND 0.001 ND ND ND 14.03

wC' F 0.03 ND 0.83 ND ND ND ND 10.17
G 0.05 ND 0.03 ND ND ND ND 12.50

H ND ND 002  0.001 ND ND ND 0.49

Ni-catalyst I ND ND ND ND ND ND ND 0.05

J ND ND ND ND ND ND ND 0.24

Pd-catalyst K ND ND ND 0.013 ND ND ND 6.01
(A) ND 0.34 ND 0.006  0.03 023 ND ND

(B) ND ND ND 0082 0.9 0.13 ND 0.02

Calcinated  (C) ND 0.17 ND ND 1.24 0.42 ND 0.02
material D) ND ND 1677 1187 0.6 0.07 ND 0.10

(E) ND 1.16 215 0007 ND 0.06 ND 0.05

™' F) ND ND 0.86  0.003 ND 0.08 ND 0.04
- (G) ND ND 0.13 ND ND 0.00 ND 0.18
O’\‘/‘d(‘)zed (H) ND ND 0.03 ND ND 0.00 ND 0.02

- ) ND ND 002 0003 ND 000  ND 0.03
Oxidized ) ND 13.73 ND 0018  ND 1.17 ND 0.02
MoO; X) ND 1.34 266 0125  ND 0.13 ND 0.03
Permission Standard 3 3 1.5 0.005 1.5 0.3 1 5%

"Waste catalyst, ‘In-process product, *Catalyst from fluidized catalytic cracking process, §Catalyst from intermediate crude oil

decoposition process, INot detected.

3. 7|El O|HEE 24

Table 3ol MESEHA2AN Zgsh= 7|E vFE
A g, ¥, UEF, vilg 59 BAEgE
AABIAL & daEe vl §xo wE 9%
EA2A 2EEY 53] gl 82 gEA 9%
B2 A Ik 955D Fujikgo] 23
o wet FujEHol Foix] Fufo] {EE Sl
Ela= o

e TR ASHolA 76.08 wi%E
7P A Jebkow, Pd-HE0 = 3549 wt%Z L}
ERQITh vlAE2] BAhE AR (C)7} 14.89 wi%E
7H B4, V,05 AEHE A EE 1.79 wit% ©]31E
eSO MoO; AtstE Alge olHTh &2
12.42~18.36 wt%= YERHTE. ©]e} o] wjizt
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=t S AuEth A 5(1993)2 AF+A el
o5t 2%/ FHE o E 95Ed T @
Aol AMEFu, #HEFw, 2| A ZFu el
Z+zt 0.37 wt%, 10.32 wt%, 1.87 wt%SF 0.75 wt%,
15.57 wt%, 2.27 wt%e |tk AA &kt

G2 FARENEA FAS oA T 5.00~22.00 wt%
E YIS ¥ A §55 JEEA dF
o, Ni 9 Pd HZFujollA= AZEA @t vija
Eo 3 g vk = oF 7-8 wi%elom, U
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Table 3. Chemical poisoning microelement contents for waste catalyst and in-processing material (Unit : wt%)

Item Sample C Na Mg Fe S Ca K
A 21.91 0.24 ND! 0.12 ND ND ND

FCC! B 8.81 0.14 0.25 0.62 ND ND ND

C 9.04 ND ND 0.65 ND ND ND

D 61.47 0.16 ND 3.91 5.00 0.19 ND

1COS E 76.08 0.19 ND 3.45 8.08 0.29 ND

wc* F 20.50 ND ND 3.97 22.00 ND ND
G 48.01 ND ND 0.34 6.19 0.09 ND

H 13.09 ND ND ND ND ND ND

Ni-catalyst 1 9.37 ND ND 0.46 ND 0.92 ND
J 0.33 ND 6.77 4.49 ND 8.42 131

Pd-catalyst K 35.49 ND ND ND ND ND ND
(A) 12.88 1436 ND ND 7.88 ND ND

(B) 10.64 13.46 ND 0.77 7.55 ND ND

Calcinated ©) 14.89 16.67 ND 0.66 0.29 ND ND
material (D) 2.98 13.05 ND 0.44 6.88 1.10 ND
(E) 12.32 ND ND ND ND ND ND

M F) ND ND ND ND ND ND ND
G) 1.79 ND ND ND ND ND ND

O’\‘;dged H) ND ND ND ND ND ND ND
o ) ND ND ND ND 022 ND ND
Oxidized ) 12.42 3.12 ND ND ND ND ND
MoO; X) 18.36 ND ND ND ND ND ND

“Waste catalyst, Tn-process product, *Catalyst from fluidized catalytic cracking process, §Catalyst from intermediate crude oil

decoposition process, INot detected.

Aol we} HSule] 7] FetEe] = Aol
XA} ThFet 3re Hel Ao wE Als)
XM= %W%%l o E7 %i el 49
T SRS vRVHAE I5EdE iadgs
ARAA A Ro] A= ;*301 ATt
3 tlEo] HFuolA frlEss aHeR A
Z317] flsliAE ARl ol& AAsHE Zlo] 44
olth!” 7] 5(1993)2] A-rellA MlEwl, # S, 2]
I ABEe] 8 gk ZFzE 0.07 wiYe, 14.10 wt%,
1.23 wt%2} 0.03 wi%, 8.10 wt%, 0.50 wt%= E.%J
thar AAsHATE

HEFS wadAdAa Beee] a4l AA
A3l H7HEEA ARSEAR AL, Abstag oA AlE
o] FHE Fo|7] flsiA AAEL ol 5400
e} 2 Ao M e Madg e Ax Fo S
B YEFTF] ND~16.67 wt%2] B9 e

M fr of

N Ho
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Qo] Table 1~37HAloll= HEue} S E )
o 9 ske)e] ks, S, 28 9
554 9 ngEde B4 495 247 eEA
9k AEE FAo wE AAH 539 W) A
< Feterlol= thh ofEgol Uk webx #HF
oo A EE wjAE, 8|5l AlslE| o]27)71A] A
g8 ZA e fr1EE 2, s =,
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Table 4o AASIATE & =2 AXE A= gt
G AR ASuirE MiaE 283 AkskEo
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Table 4. Characteristics variation of waste catalyst and in-processing material with recycling process

i Oxidized material
ltem wove ™ e o Moo,
Mo 1.19-8.61 2.64-2.94 ND 30.97-33.77
% ND'-4.37 1.20-6.40 5.81-16.90 ND
Valuable Al 3.77-12.53 8.41-34.60 ND ND
metals Ni 1.53-22.10 o 0.01-1.91 o ND ND
composition Co 0.003-1.040 ND ND ND
(Wt%) Pt ND ND ND ND
Pd ND ND ND ND
Rd ND ND ND ND
Pb ND-0.05 ND ND ND
Cu ND ND-1.16 ND 1.34-13.73
Leaching As ND-0.83 ND-16.77 0.02-0.13 ND-2.66
concentration . ND-0.013 ND-1.187 ND-0.003  0.018-0.125
(mg/l except o = =
W%incaseof | CF ND ND-1.24 ND ND
oil) cd ND 0.06-0.42 ND 0.13-1.17
CN- ND ND ND ND
0il 0.01-14.03 ND-0.10 0.02-0.18  0.02-0.03
C 0.33-76.08 2.98-14.89 ND-1.79  12.42-18.36
S ND-22.00 ND-7.88 ND-0.22 ND
. Mg ND-6.77 ND ND ND
ED)(( Wtafj)lys‘s Ca ND-8.42 = ND-1.10 = ND ND
Fe ND-4.49 ND-0.77 ND ND
Na ND-0.24 ND-16.67 ND ND-3.12
K ND-1.31 ND ND ND

"Not detected

Ho=E A LI oNA e B WstE dotst
Zlolnt. webA, AlEAFH A0 & AlE7E g
8L AXAA wistEE 548 Bgs] ek
= flov of2] GAle] AlRE EAlste] 9] @
2 ANE AHo|E= o5 ARZHE W} HTFS
Hotsls He 2 FE7t )l Zlos ke
F7HS 35 T EYEY FgHe AR o=
4 7154 Jeshe AS5EAQ gl SR
€t 28 A (1.19~8.61 wt%)ol A wiAE(2.64~
2.94 wt%)Z, B AFo) A MoO; 2FeHE(30.97~ 33.77
wi%)= A8 8L AXHA F7FeIAA, vh
g HE (EHE437 wt%)el A HlAaE(1.20~
6.40 wt%), ZL2]3L V,05 AF8HE(5.81~16.90 wt%)=
ANEE HgES AXA F7FES 2 5 UTh(Table 4).

Tus 5 T Pb2 tFRE] AlEON HEH

J Environ Health Sci 2011: 37(2): 150-158

A o, Cue FE(EF E4E), aEE
AZ~1.16 mg/l), 3. MoO; Ar3HE(1.34~13.73
mg/)= A&-§ HHE AXHA F7FeI HlAE
H|Z0) (B4 2~0.83 mg/l) B} WA EHAZ~16.77
mg/y AFEHE(0.02~0.13 mg/l, EAE~2.66 mg/l)
NN o =A HAEHAct v, fE-S FEu)ol
Al 0.01~14.03 wi% s YERN S vl A Eof A
0.1 wt% ©]3}, 2FslEol A 0.18 wt% ©|3t2 A|T-&
oluf iYL AXHEA FA| 7HAEIITHTable 4).

55 9 nFgEd §5 T dhe HEFu
- 0.33~76.08 wt%E YERNS=H 58] SEF
B3 HZul7t AR EA YERE o, bl
3} ARl M e HEu R 7HE 20 wi% P
el

Iy

-

eRIATh A gE5EE 3 SEHF
a4 HEZujoA 5.00~22.00 wi%s JERIA S

AL
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o, WjAE A= 8 wi% HTEeZ SUTL, AtskE
M 022 wt% ©15t= B8 743 th(Table 4).

5. 2ot Mol
Sz AR A A7) A7)
A Ad7t @sse] glot siv1EY 4 A
FEL AT A YA} Qo] ATl BYO
= AFEL Qe BRI FYIA 50 A
& BYHE A% AR deyotoR AFYYE
3} F74E] Be7)F vie) Bad Row A}
st AFYNE T AME AF % Sa0E 9
HlE AEe) Agols vkt GRIIE Fo B
® 8E71ze] 28t BelE glo] Mo el
7% vhdle] Bas e AOR weH A
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