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Leaching of heavy metals and their impacting factors
from a spent catalyst in the refinery industry

LI Xin' QIN. Jihong” SUN Hui' GAN Zhiwei' CHEN Wenqing' LI Zhi'™"
(1. Department of Environmental Science and Engineering, Sichuan University, Chengdu, 610065, China;

2. Départment of Environmental Engineering, Chengdu University, Chengdu, 610106, China)

Abstract ; Serial batch leaching and column leaching were used to study the release characteristics of
heavy metals in spent catalysts exposed to the environment. The extraction solutions used in the
column leaching was pH 4.5, pH 7.0, and a concentration of 20 mg-L™" of the DOM solution at pH
7.0, the liquid-solid ratio of the serial batch leaching was 5:1, 10:1, and 20:1, and the pH value of
the extraction solutions was 4.5. The results show that, in serial batch leaching, under acidic
conditions, the leaching rate of heavy metals in the spent catalyst first increases then decreases as
the liquid-solid ratio increases. The leaching system is a saturated state when the liquid-solid ratio is
small, the leaching system gradually becomes unsaturated and the leaching rate gradually increases
as the liquid-solid ratio increases. The leaching rate is not affected by the liquid-solid ratio when the

liquid-solid ratio’s controlling effect on the leaching of heavy metal elements in the spent catalyst
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exceeds the threshold. The leaching mechanism is affected by the multiple control effects of the
saturation state of the leaching system, the occurrence state of heavy metal elements, and the liquid-
solid ratio. In column leaching, acidic solution promoted the leaching of heavy metal in spent
catalysts, and the cumulative release rate increased. Compared with neutral conditions, the average
leaching rate under acidic conditions increased by 13.4%, acidic conditions did not change the
leaching mechanism of heavy metal in spent catalysts. Dissolved organic matter solution promote the
leaching, and the cumulative release rate is significantly increased. Compared with neutral
conditions, the average leaching rate under dissolved organic matter conditions has increased by
19.6%, and the dissolved organic matter conditions have not Change the leaching mechanism of
heavy metal in spent catalysts. The maximum release rate of heavy metals in serial batch leaching is
greater than column leaching, and the leaching mechanism of heavy metals in serial batch leaching is
more susceptible to external conditions and their has greater environmental risks.» Therefore,
measures should be taken to rain protection and leakage prevention during the storage , transportation
and disposal of spent catalysts to avoid the transfer of heavy metals in the spent catalysts to
environmental media such as surface water, groundwater and soil ,and prevent greatér environmental
damage.

Keywords : spent catalyst, heavy metals, column leaching, serial batch leaching.
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2 5 59718 (Results and discussion)
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Fig.1 XPS photoelectron spectrum of spent catalyst and Mo 3d core energy level;

Ni 2P core energy level; Al 2P core energy level

B IEDGHL T RETS J5 X 45 T RO HL FRETE AT LG R ARYE NIST XPS Database M SCHRE AE 4T
FAEIE, R IR 1Az & SHBRE (R e R A 4% VE BRI AL O, \MgO ,Si0, 73 5]
H 50.26% .19.89% 14% , iGFEL1 4 MoO,  MoO, Mo 4331l (5 6.83% .1.33% .1.33%,NiO J% Ni & %¢
b S ANELFAE Fe ,CoaCd Zn %503 0 R 45 i A7l 8 f A7) BB 58 245 SR AR L

R PR R G R OT R A

Table 1 The composition and content of heavy metal elements on the surface of spent catalys

LR KB

Elements and compounds

AR A1) 2 T < s AR X 5 H /%

Surface heavy metal elements content

NiO Ni MOOZ M003 Mo Co Cd

0.24 0.03 6.83 1.33 1.33 0.11 2.22

(2) R EMAFI LR A Hrdh, FEICE L Al Mo Ni, Fe, [7 Bf & 43 HX R A Li Cr,
Co.Cu.Zn As.Cd Pb 03 ARYE G W BARE 352 3R PESE50” (GB 5085.3—1996) ' I 2 1% %
HEALH 8 T G I B 7400 . 1245 A A 791 4 o AN R 1T B 42 R UG 28 250 Co ,Cd \Ni Mo, ARTF 5 LA 43 Hr ik 4 Fh
B4R ITEORERIE MR P E LSBT A (£ 2).

R 2 R T G m R AU
Table 2 The composition and content of heavy metal elements of spent catalyst on total content analysis
HeETER
Heavy metal elements
EAEALFTCR i/ (mg-kg™")

Element composition

Ni Mo Co Cd

40556.00 62577.31 216.92 18.61




44 RN R M AR AT v B R RS il B R e R R 1151
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Fig.2 Cumulative leaching ratio of heavy metals per unit spent catalysts in serial batch leaching

Ni Co.,Cd Mo SEFHR H RAAL DL 3, AT RIS Cd A1 Mo B 4 J e 1 L XU | B SR
H A ST I I ) DA, L 0 L RS AR O 58 — DL S 4 IR T - i i i A 5 N 5



1152 B2 53 1k 2 40 &

R H SR AR TR RT3 38 B S5 KBS PR B AIG , SR 5 T AaUE ; Cd SERIR S SR 25 1 s s [ 42 T 34
TESE 6 KA 7 RIS R B 5 K AR f5 Pk B R Bk b, 25058647 %8 12 d B, Ni Co . Cd Mo 119 4 FhE 4>
JEICR SHHR R TR e T LUE Y, BEFE 12 B[R] 8 B4, P A Ak 0] v nl 32 Hh 4 i I O B
IR FRUE , AN T SE IR 56 B0 A A ) (B AN ] X 5 PR AR R P 8 & R e RIAP IR A K.
JE A AR v B 4 R IO B A T B T B I A i R AT R R 4 AR PR IS T IR SR A AT A Ak
B SRIERFEZMIESAAE T IEAEAR T, P RIEEES 55 =, MR R S N R E /A 7E TR
w2 S TR A A 0 2 1T R VR SR i =2 A B R T A T, BELRS I A A 5 P R it —
%%ﬁﬁl ATLAE B 54 s T 3R B S s 12 R R 1 12 L RS TR A S R T AR B B, 55 W B S

&R IC RN AR IR PR D, S 802 R h 4w Wk R PG O R S W TR P ) 1 S A

ﬂ: NN ERAS T ER B 1~ 18] A2 AR B0 G A8 A9 B 4 S T, 4 s 8 1 DU (R iy — 1 A R 51 B ) 42 18 R
Ig E e[ 22] .

—e— A (L/S)20:1  —a— WEE M (L/S)10:1 —— JE H (L/S)511
10r 30

= sl =2

?__, § ‘/‘\A

g g

en & 20

£ 6r £

§ §s|

g 4r E

i :

Sl z

789101112

e
t/d

7‘%

4;
.:;

AN
. o RF<. o
/./ \o\. / \A_A___A_‘ ’:‘Z:_\*E’ .
A T T SR S N %——rz—k — y—
0123456789101112 7 8 9 10 11 12
t/d I/d

Cd real-time leaching rate/%
O\ =]
\>
Mo real-time leaching rate/%
(o)} =]
T T

[}
T
I\J

3 LIS B R A A A SRR R
Fig.3 . Real-time leaching ratio of heavy metals per unit spent catalysts in serial batch leaching
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Fig.5 Real-time leaching ratio of heavy metals per unit spent catalysts in column leaching
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PR b TR s o0 R R R R A S SR I I S B 2O N B B — A OF TR
S B O R e A R AR Th 4y R T R B SR A TR SR, 5 R AR R A SR
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(I INTT A 12 24 SR R R BRI 2 v pH (A 5 B A R B 5 5 285 110 4 J 5 A 14 34
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WA, i T AR v B 4 T 2R B IR, TR 0 B0/, 2 mT R R A4 A 7R 2 ThT T R 5 R Bk
VA AT LI WS IO, A AR R B o TR T FEL: B2 M A 700 P ) B < SR o — 2D R
2.4 JRAEAGH H G BB S B S

B AT Ni [ Co ,Cd Mo F) 4 FHEE G Jm JCRAEA R Z0F T AR T ) 42 55 4 Ay gh =
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a +1") ALY BRI (C =a + bee) 4 N 3 TR H 707848 5L th 5280 b Ni OB AT
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A, Ul AN [ A9 LS 1 B A5 o B 45 Jee o0 3R A RO B AR IS S5 36 7P, Ni L Co . Cd \ Mo 14 4 Fil
HARJRITRAE 3 MR AR T BRI AT P ) — A5 8 1 S 5 W e R AT AL ORI IRV O R ke
ARPRAMEAL R P G R TR R, 45t 3L

R3 GBS 2R

Table 3 Fitting parameters of pollutant release model

Leaching Extraction solutions
metals model
W HE 20 1 5321 1105 0.98
Ni W E 10 21 C=a+bln 13963 7965 0.93
TWE S 01 2155 2564 0.93
W 20 11 C=a+blnt 3.90 3.23 0.99
Co A 1021 C=aibi? 4.95 9.31 0.93
SR RS 1 -0.2 2.24 0.92
Serial batch leaching WL 20 1 C=a+bt"? -0.69 0.92 0.93
Cd W 10 :1 C=a+blnt 0.05 2.71 0.96
W 501 C=a+t’ -0.06 0.85 0.98
TR 20 01 -219 452 0.96
Mo WL 1021 C=a+bt'? 119 585 0.91
W 501 C=a+bnt -28 279 0.97
pH 7.0 3117 2405 0.99
Ni pH 4.5 C=a+blnt 9006 4051 0.99
DOM (pH 7.0) 9593 5237 0.99
pH 7.0 4.1 2.1 0.99
Co pH 4.5 C=a+blnt 10.6 6.1 0.98
RIS DOM (pH 7.0) 11.6 8.5 0.98
Column leaching pH 7.0 - - -
Cd pH 4.5 C=a+bt"? -0.28 0.75 0.98
DOM (pH 7.0) -0.19 0.91 0.99
pH 7.0 -95 282 0.99
Mo pH 4.5 C=a+bt"? 611 621 0.99
DOM (pH 7.0) 409 986 0.99

oo, BHE(d) ¢, BB SE (mg-kg™" ) 3¢, Time (d) ; C, Cumulative leaching concentration(mg-kg™").
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TSI HETR L IR PR P A S0 RSB AR IR AR X LU PR 230 | S oAt iR 1 o
Ni Co .Cd Mo 4 FlH )@ U R A R BEHCR , 0 TR X 4 MG Jm oo R RREHCR 2Lt iR
H PR R R AR BRI 1 L 1021 I 555 e ] o A BB 358 41 3 PR 1 T ke vh RS4R3 1 L G 12
BRFR AR R W Lo 101 AHAF 270 X o i bl (R4 PR BT LA 8 5 28 SC S0 43 HE R 4 rh i 11 L
N 5:1.20:1 I, BRAEALTH R 4 b e 4 R DU ER IR S AR A SE g R CR O W] R 25 5 IR WL Sy
I AL PRI SR AE — 5 25 PF T IR I RICR — B SRR AR, PR AL 0] o o J ¥ HH ok 2
7o, A RO BRI LU RV I AR AT LS W SRR DR R A 7R B AT s i A Ak
R, RO AL S RRE A LT TS R R B, T TR R | 98 A R . A R 2R
TIEG , LUK A R P o S A A WL 2 e 1 TR T R R, IO B e BB A A 70 R HG
fied O | T S5 S SO I e P A 7 1 T i A [ 952 6 P T R P

3 %518 ( Conclusion)

(1) LR BRIE 250 T R AR b H 5 i 15 1 A BT LE 3 e BT IS AR W T L /)
I35 A ZR A TR AR | BRI UG R, R A AR a2 O A M MRS R 2 W, {H 243
[F] U A A0 TP B 4 TR T R IR SRR VR I, 3R R SRR 2 WP R ) 42t PILEE A2 35 1R 2R 1
FIIRZS | HE 453 o U R AP PR S AR I LE 22 JE 2 A FH 2 .

(2) ARk b IRYE SRR BE T IR B G SR TR AR Hh, SRRBE ORI I, AR T P A1
FRIEACAT T B3R RN T 13.4% , BRVEZRAF AR BUL IR AEAL R AR 68 U0 2R BB LB i v
PUBCAAHIERE 1 BRAEAL R TP G R OT R AR ), RBURE 3R a8 W00, AH A T M 4 0 I i AT PIL
FAF T BRI T 19.6% , ¥ A HILR 26 PR BIORE B A 70 Hh B < DU 3 A R L.

(3) FELEIP LR Y P R 4 R RO 2 i AR b (0 B K G SR RO L S ttir Hh v
H R M ALBE R 5y 2 AN S AR AR PR XUS B R A7 R M A 7R) R AT s i A A i 7 P R T
TLRERR (W78 | Rl 8 S5 e, 3 G PR A1) v ) B T ol 2K MR KR L S AR BRI A S P B RS T
CIPNIDEZR X8 3
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