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DESCRIPTION CN120519716A

A method for recovering rare earth elements from spent FCC catalysts by Joule thermal flash

decomposition and glycine leaching

— AR E AR R TR B SER R R R FCCRELTT s LR 7574

[0001]

Technical Field
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ARG

[n0001]

This invention relates to the field of valuable metal recycling technology in solid waste, and
more specifically, to a method for recovering rare earth elements from waste FCC catalysts by

Joule thermal flash decomposition and glycine leaching.

&R REGEYTRENEEENFI BRI, Biftin, S h—MEERRNERDNEE R

=B E FCCET PIFE LRI T 7%,

[0003]

Background Technology

BREEA

[n0002]

Fluidized catalytic cracking catalysts (FCCs) are widely used in modern petroleum refining
industries due to their excellent activity, resistance to heavy metals, activity stability, residue

cracking performance, gasoline selectivity, and low cost.
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MECRMEATI(FCORBBMRRNELE. MESEMN. FEHREM. BHERMEE. FmEE
Mae AR, I 2N A FIAEmRERHI T A,

In the petroleum refining catalysis process, FCC catalysts can become ineffective due to the
combined effects of sintering, heavy metal contamination such as Ni/V/Fe, pulverization

/hydrothermal processes, etc.

FCClEMFITER RGFIENSIER, KENRLE. Ni/V/FeEFEERTHR. MU/ KAFHKSERTH
(ES=ESTE

Waste FCC catalysts contain 4%-6% rare earth oxides (mainly La<sub>2</sub>0<sub>3</sub>
and CeO<sub>2</sub>). Recycling and utilizing rare earths from waste FCC catalysts can not
only bring huge economic benefits, but also save the mining of primary rare earth mineral

resources.

EFCCEFITE4%-6%MIE T U (FEEELa<sub>2</sub>0<sub>3</sub>F1CeO<sub>2<
/sub>), FFREFCCHENFIPFELNEINFIAE, MUAILUFEREANZFFmE, FIEETIRER
TH P RRNFX,

However, existing recycling technologies for spent FCC catalysts suffer from bottlenecks such
as low rare earth recovery rates (less than 15%) and severe secondary environmental

pollution (due to the use of highly toxic acids such as HF).
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{BEFCCEEATIILA RN AFER LEWRR(RELS%). FRZRSRE(HFFRISRERER)F

T

[n0003]

Chinese patent CN202010211919.0 discloses a method for comprehensively recovering
valuable metals such as rare earth and aluminum from waste FCC catalysts using a combined
process of hydrochloric acid leaching, hydrogen peroxide oxidation, extractant extraction,

oxalic acid precipitation, and sodium sulfide precipitation.

FREEFCN202010211919.02FF T —H#l FEEL R - W A/K A 1L-FEGT B - BRI - AR I
REHRELZGaEWEFCCEATITH L. BFENERBIVG %,

However, the recovery efficiency of valuable metals such as rare earths and aluminum is low
in this method, and the recovery process uses a large amount of corrosive and polluting

chemical reagents such as strong acids/alkalis, resulting in a high environmental risk.

Biz7APHLEFENERHEBEERMRE, mALBIEERRERRER RHFREIRSRNE

HERF, SEEFREXRRER.

[n0004]
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Chinese patent CN202011393727.2 discloses a method for extracting rare earth elements from
waste FCC catalysts by acid leaching coupled with photoreduction. The method is
characterized by using strong acids such as nitric acid or hydrochloric acid coupled with
photoreduction to efficiently separate and extract rare earth elements La and Ce from waste

FCC catalysts.

FREEFICN202011393727 2AF T —MER R G YO IR R IZENR FCCEM IR/ LA, &FER
FHIERH REER S E IR F R BRSO R KRS 0 B iR BNUE FCCEWFIRIH L LafCe,

This method can achieve a rare earth leaching efficiency of over 95%, but its leaching process
requires the consumption of large amounts of strong acids such as nitric acid or hydrochloric
acid, and the use of ultraviolet lamps as a strong light source leads to problems such as a
large amount of acidic wastewater generated, a high risk of secondary environmental

pollution, and poor practical application scenarios in engineering.

ZITAREIRISOS% U LR LIREME, BHREIEFEERAENHRNHRFRR, BER

il

KIMNTRNRRICETR, SBEREKFEER. MRETRISERNNES. TEKENABRESN

o

[n0005]
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Waste FCC catalysts come from a wide range of sources, have complex compositions, and are
often coated with organic carbon, which ultimately makes it difficult to leach and separate

high-value metals such as rare earth elements.

BFCCIENFIRIFE 2. NN ESR, BEMENREERER, RESSHEKBLIESNETENEZY
Mo BAEXE,

Therefore, based on the inherent characteristics of spent FCC catalysts, there is an urgent
need to develop rapid, efficient, and low-carbon methods for the recycling of valuable metals

such as rare earth elements from spent FCC catalysts.

Eitt, EFEFCCEAUFINERTE, BFEALEFCCEALTPHELIFENETBIRE. S, Rk

BRI FI A 75 %o

[0008]

Summary of the Invention

YL INES

[n0006]
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To address the existing technical challenges in recycling rare earth and other valuable metals
from spent FCC catalysts, the present invention aims to develop a Joule heating-enhanced
deconstruction synergistic glycine leaching technology to achieve rapid, green, low-carbon,

and efficient recycling of rare earth elements La and Ce from spent FCC catalysts.

AT R EREFCCEUFPHRIFENERBHIMARIWF BRARR, KALRNENEFAX—ME
B EEhRESRILRA, ULIMEFCCEMATIPFELLaMCeAR. F&. EMMEK

RYEIHF Ao

[n0007]

A method for recovering rare earth elements from spent FCC catalysts by Joule thermal flash

decomposition and glycine leaching includes the following steps:

— M EERNEFIDEH RS EREIMUEFCCEMTIPIFE LR AL, SEINTIE:

[n0008]

(1) Joule heat flash decomposition of waste FCC catalyst: Waste FCC catalyst is pulverized to
below 200 mesh using a ball mill and uniformly mixed with conductive medium powder to
obtain a mixture. The mixture is then filled into an electrode reactor and treated with Joule

heat technology under an inert atmosphere. The resistance heat generated by the current
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passing through the mixture generates a high temperature instantaneously, realizing the
flash-enhanced decomposition of waste FCC catalyst and obtaining Joule heat decomposition
product. The mass ratio of waste FCC catalyst to conductive medium powder is 2:1 to 5:1, the

energizing time is 1 to 10 seconds, and the Joule heat temperature is 2500 to 3000°C.

(1) EERAREEFCCREWTI . ERIKENIFEFCCEMTIMEE200BLLT, HE5SENFHR
HEARGREREYH, ARFEREESYRIETRTERRNSEF, EEESRATRASERRARE,
FABEMET RS =EBER, BRE~EEE, RIMEFCCEMATIRINERLEN, RSEER
YY), HAp: EFCCEMTISRENRMRBMRELLN2:1~5:1, @BHENEN1I~10F, FEHK

mE792500~3000°C,

[n0009]

(2) Glycine leaching of Joule thermal decomposition product: The Joule thermal
decomposition product obtained in step (1) is mixed with glycine solution and leaching
reaction is carried out under heating and stirring. The leaching solution loaded with La and Ce
is obtained by filtration, wherein: the glycine concentration is 0.1 to 0.5 mol/L, the leaching
time is 1 to 2 hours, the leaching temperature is 60 to 80°C, the solid-liquid ratio is 0.2:1 to 0.5:

1 kg/L, and the stirring speed is 200 to 400 rpm.
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QEEAELFYNHIE Y REPR1)A[ENEEMENFYSHERARES, EMHAW
HRHITRERE, SEFRFRHELa. CezthR, Hi: HERERREN0.1~0.5FR/F, ZHEE
A1~2NES, ZHERE60~80°C. E&LE/90.2:1~0.5:1F 7 /F, WHIERE200~400%%/7

o

[n0010]

(3) Oxalic acid precipitation to separate rare earth La and Ce: Oxalic acid solution was added
to the loaded La/Ce leachate obtained in step (2), and precipitation reaction was carried out
under heating and stirring. After the precipitation reaction was completed, solid-liquid

separation was carried out, and oxalate precipitate and filtrate were obtained by filtration.

) ERITIED BHtLaflCe: BRI EQ)MSEINAZHLa/CaZHRPIMARERSK, EMAHHT
BTUERRE, TUERNEREHITERDE, SEFIERITUENIER,

The oxalic acid concentration was 2-4 mol/L, the precipitation temperature was 80-90°C, the
pH value was 1.5-2.0, the precipitation time was 1-2 hours, and the stirring speed was 300-

500 rpm.

Hrp: ERRIREN2~4ER/FA, TUEREN80~90°C, pHENL1.5~2.0, JUENIEIA1~2/\ET, i

FRE 79300~500%% /534
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[n0011]

(4) Rare earth oxide recovery: Oxalate precipitate is placed in a muffle furnace for calcination
to finally obtain rare earth oxide products, wherein the calcination temperature is 900-950°C

and the time is 1-2 hours.

@)FmLAMLYE: FERETUEETIHPTRE, KRXREHRISNY~m, HP: BFERE

79900~950°C, E¥ja]/gl~2/\BY,

[n0012]

The method for recovering rare earth elements from waste FCC catalyst by Joule thermal
flash decomposition and glycine leaching as described in claim 1 is characterized in that the

inert atmosphere in step (1) is nitrogen with a purity greater than or equal to 99.9%.

YOAFI K I — M AR BN R R 1D E H R ER2 R FCCE LRI TR 7574, HFHIEE

F, FRAMPZE(D)FBEEIFZN: AR, AEXRFTFTF99.9%.

[n0013]
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The method for recovering rare earth elements from waste FCC catalyst by Joule thermal
flash decomposition and glycine leaching as described in claim 1 is characterized in that the

conductive medium in step (1) is one of carbon black, coke, biomass carbon or graphite.

SOAF R I — M AR B AU R R DR H S BRIR h R FCCE LRI LB 7574, HFHIEE

F, FIRMNPTR(1)PSFENRN . KE. Ek. EVRBSEEPH—T.

[0017]

Attached Figure Description

P 352 BE

[n0014]

Figure 1 shows a flowchart of a method for recovering rare earth elements from waste FCC

catalysts by Joule thermal flash decomposition and glycine leaching.

B 1RR—MEE AR )E B RUER R i BIUER FCCIE T PG LR 75 7ARREE.

[0019]
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Detailed Implementation

BiALER

[n0015]

The solid-liquid ratios mentioned in each step of the following examples are all solid-liquid

ratios for the current step.

T SRiEfIE S BA LI ER I N Ha S BREIREE.

[n0016]

Example 1

SELI

[n0017]

Follow these steps to process:

REBINT S RSHITE:
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[n0018]

(1) Joule thermal flash decomposition of spent FCC catalyst: The spent FCC catalyst was
pulverized to below 200 mesh using a ball mill and uniformly mixed with carbon black powder
to obtain a mixture. The mixture was then filled into an electrode reactor and treated with
Joule thermal technology under a nitrogen atmosphere of 99.9% purity. The electric current
passing through the mixture generates resistance heat, instantly producing a high
temperature to achieve flash-enhanced decomposition of the spent FCC catalyst and obtain
the Joule thermal decomposition product. The mass ratio of spent FCC catalyst to carbon
black powder was 4:1, the energizing time was 6 seconds, and the Joule thermal temperature

was 2500°C.

(L) EERAEAEEFCCREMT . ERIKENIRFEFCCHEMATIEE200B T, H5REMKIIS
RERTEGYH, ARFESYHERTHERRNEGET, FAEFTIVINHNAIIRA TXALKE

PEARE, MAREMEDESYMTERER, BEFESE, SSIEFCCEMFIRIARZLHE

1, RISGEEAREFY), Hip: EFCCEUFISREMARNIRELLN4:1, BBEEN6TD, FER
mE/92500°C
[n0019]

(2) Glycine leaching of Joule thermal decomposition product: The Joule thermal

decomposition product obtained in step (1) is mixed with glycine solution and leached under
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heating and stirring. The leaching solution loaded with La/Ce is obtained by filtration,
wherein: the glycine concentration is 0.3 mol/L, the leaching time is 2 hours, the leaching

temperature is 60°C, the solid-liquid ratio is 0.2:1 kg/L, and the stirring speed is 200 rpm.

QEBEAENFYNHRE L RPR)AFENSEEMENFYSHIERBRES, MR
HT#HTRERE, SERENHLa/CaRhR, Hi: HRURREN0.IER/F. iZHETEF2/)\

B, SRHUEEN60°C. EiRLEA0.2:1F 5/, HHFIEE 79200%%/53 5,

[n0020]

(3) Oxalic acid precipitation to separate rare earth La and Ce: Oxalic acid solution was added
to the La/Ce leachate obtained in step (2), and precipitation reaction was carried out under
heating and stirring. After the precipitation reaction was completed, solid-liquid separation
was carried out, and oxalate precipitate and filtrate were obtained by filtration. The oxalic
acid concentration was 2 mol/L, the precipitation temperature was 80°C, the pH value was 1.5,

the precipitation time was 1 hour, and the stirring speed was 300 rpm.

Q)FEEIUED B I LafCe: BIRQ)PFMFEINAHLa/CeRRFMANEERRR, FEMARAF T
HITTUERMN, TUERNEREEITERDE, TRGSIERLTUEMIEER, HP: ERREN2E

RIFE, TUERENS0°C, pHENLS, JURRIEIALNG, HiHEEN300%%/738,
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[n0021]

(4) Recovery of mixed rare earth oxides: Oxalate precipitate is placed in a muffle furnace for
calcination to finally obtain rare earth oxide products, wherein the calcination temperature is

900°C and the timeis 1 hour.

Q) EEHRLIALYNER. FERRTUEETIHIPPRRE, RLREHLALYm, HP: &

BRE/900°C, B E] A9 186,

[n0022]

(5) ICP test results showed that the recovery rate of rare earth La in the waste FCC catalyst was
95.2%, the recovery rate of cerium was 95.5%, and the total recovery rate of rare earth was

94.5%.

(5)ICPTIIRAAERRPA: [EFCCELSTPIH L LapI[EURER7995.2%, FHRIEINLZEA95.5%, HLEEIUL

;_—%:;?994.50/00

[n0023]

Example 2
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SEf12

[n0024]

Follow these steps to process:

REBINT S RAITRE:

[n0025]

(1) Joule thermal flash decomposition of waste FCC catalyst: The waste FCC catalyst was
crushed to below 200 mesh using a ball mill and uniformly mixed with coke powder to obtain
a mixture. The mixture was then filled into an electrode reactor and treated with Joule
thermal technology under a nitrogen atmosphere with a purity of 99.9%. The resistance heat
generated by the current passing through the mixture was used to generate a high
temperature instantaneously, thereby realizing the flash-enhanced decomposition of the
waste FCC catalyst and obtaining the Joule thermal decomposition product. The mass ratio of
waste FCC catalyst to coke powder was 2:1, the energizing time was 1 second, and the Joule

thermal temperature was 2600°C.

(DERERRREERFCCEMT . ERAXEIIEEFCCENFIHMIEE200BLLT, HFS5ERMKIYS]

BRERGSESYH, ARFESYHEBETTERRNET, TAESFTI.9%NAIIRA TRALEE
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PEARLNIE, FIARMETESYIEF-ERER, BREFESE, KIEFCCHEMTIRIRRZ LA

1, RIGEERRWFY), Hip: EFCCEUFISERMARNIRELL2:1, BBENIT, FKER
mE 732600°Co
[n0026]

(2) Glycine leaching of Joule thermal decomposition product: The Joule thermal
decomposition product obtained in step (1) is mixed with glycine solution and leached under
heating and stirring. The leaching solution loaded with La/Ce is obtained by filtration,
wherein: the glycine concentration is 0.3 mol/L, the leaching time is 1.5 hours, the leaching

temperature is 70°C, the solid-liquid ratio is 0.3:1 kg/L, and the stirring speed is 300 rpm.

QEBEAENFYNHRE L RPR)AFEINSEEMENFYSHRERBARES, M
HIHITRERN, SRREHAFLa/CaRhR, Hip: HRAKRKENO0.IER/A. ZRHEANL.5/)

Bt RHREATOC. EREE0.3:1F5/F, HHFERE 73005535

[n0027]

(3) Oxalic acid precipitation to separate rare earth La and Ce: Oxalic acid solution was added
to the La/Ce leachate obtained in step (2), and precipitation reaction was carried out under
heating and stirring. After the precipitation reaction was completed, solid-liquid separation

was carried out, and oxalate precipitate and filtrate were obtained by filtration. The oxalic
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acid concentration was 3 mol/L, the precipitation temperature was 85°C, the pH value was 1.7,

the time was 1.5 hours, and the stirring speed was 400 rpm.

Q)ERUESBEWILaMCe: RTRQ)FAIRFEINAEHL/CaRERPMAERBD KR, EMHHHT
TURRREL, TURRNEREHITERS S, SRS ERETUENIRE, HP: EERRENIE

IRIFE, TUERENS5°C, pHENLT, BE1.5/) 6t B ERE J400%8 /53 ¢

[n0028]

(4) Rare earth oxide recovery: Oxalate precipitate is placed in a muffle furnace for calcination
to finally obtain rare earth oxide products, wherein the calcination temperature is 920°C and

the timeis 2 hours.

A)FmLEMAYE: FERETUEETIHFTRE, RRREHRIENY~m, Hf: BERE

79920°C, BYiEIJ92/NES,

[n0029]

(5) ICP test results showed that the recovery rate of rare earth La in the waste FCC catalyst was
95.8%, the recovery rate of cerium was 95.6%, and the total recovery rate of rare earth was

94.3%.

15-01-2026 - Page 18



(5)ICPIIRAEERRBA: EFCCESTPIFE L LapI[EURER)995.8%, FHRIEINZE/95.6%, L EEIUL

F7794.3%,

[n0030]

Example 3

SEfI3

[n0031]

Follow these steps to process:

REBINT S RHITRE:

[n0032]

(1) Joule thermal flash decomposition of waste FCC catalyst: The waste FCC catalyst was
crushed to below 200 mesh using a ball mill and uniformly mixed with biomass carbon
powder to obtain a mixture. The mixture was then filled into an electrode reactor and treated
with Joule thermal technology under a nitrogen atmosphere with a purity of 99.9%. The

electric current passing through the mixture generates resistance heat, instantly generating
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high temperature to achieve flash-enhanced decomposition of the waste FCC catalyst and
obtain Joule thermal decomposition products. The mass ratio of waste FCC catalyst to
biomass carbon powder was 3:1, the electric current time was 8 seconds, and the Joule

thermal temperature was 2800°C.

(1) EERAREEFCCREWTI . ERIKENIFEFCCEMTIMEE200B LT, HE5EYIRBHR
WEARGREREGYH, ARFESYHERTRRRNGET, FHAEEFTI.0%HNAIIRN FXA
FEAKRALRE, MABEREDESYRTERER, BE~ERE, SEIMEFCCEMUTIRARIZRNL
B, REEEREMTY), H: RFCCEMTISEMRmMARNRELLI3:1, BEENSTY,

FEHAURE792800°C,

[n0033]

(2) Glycine leaching of Joule thermal decomposition product: The Joule thermal
decomposition product obtained in step (1) is mixed with glycine solution and leached under
heating and stirring. The leaching solution loaded with La/Ce is obtained by filtration,
wherein: the glycine concentration is 0.4 mol/L, the leaching time is 1.2 hours, the leaching

temperature is 75°C, the solid-liquid ratio is 0.4:1 kg/L, and the stirring speed is 350 rpm.
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QEEAELFYNHIE Y REPR1)A[ENEEMENFYSHERARES, EMHAW
HTIHITRERE, SEREHHLa/CeihR, Hp: HRUWERREN0.AER/F. REREIJ 1.2/

Bt JRHBREANT5°C. BEREEF0.4:1F52/F, WHIEE 35045 5o

[n0034]

(3) Oxalic acid precipitation to separate rare earth La and Ce: Oxalic acid solution was added
to the loaded La/Ce leachate obtained in step (2), and precipitation reaction was carried out
under heating and stirring. After the precipitation reaction was completed, solid-liquid

separation was carried out, and oxalate precipitate and filtrate were obtained by filtration.

B)ERTES BEBMtLafCe: RIEQ2)MFEINNAHLa/CaRHRTPMARRB K, TEMABHT
BTUERRE, TUERNEREHITERASE, DEEIERITUENIER,
The oxalic acid concentration was 3.5 mol/L, the precipitation temperature was 80°C, the pH

value was 1.8, the precipitation time was 2 hours, and the stirring speed was 450 rpm.

Hep: EERERNISER/F, TUEREN80°C, pHIENL.8, BHE2/NG B ERE 45055 /73

o

[n0035]
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(4) Rare earth oxide recovery: Oxalate precipitate is placed in a muffle furnace for calcination

to finally obtain rare earth oxide products.

(4B LI|EHER: FERLTUEE TIHRIPPRE, SERFHRLIENYm.

The calcination temperature was 910°C and the time was 1.5 hours.

Hep, BEEREJ910°C, BYEIJ1.5/h\kd,

[n0036]

(5) ICP test results showed that the recovery rate of rare earth La in the waste FCC catalyst was
96.3%, the recovery rate of cerium was 96.4%, and the total recovery rate of rare earth was

95.6%.

(5)ICPTIRAEERRBA: EFCCESTPIFE L LapI[EURER1996.3%, FHRIEINZE796.4%, L EEIUL

Z7995.6%

[n0037]

Example 4
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L4

[n0038]

Follow these steps to process:

REBINT S RAITRE:

[n0039]

(1) Joule thermal flash decomposition of waste FCC catalyst: The waste FCC catalyst was
crushed to below 200 mesh using a ball mill and uniformly mixed with graphite powder to
obtain a mixture. The mixture was then filled into an electrode reactor and treated with Joule
thermal technology under a nitrogen atmosphere with a purity of 99.9%. The resistance heat
generated by the current passing through the mixture was used to generate a high
temperature instantaneously, thereby realizing the flash-enhanced decomposition of the
waste FCC catalyst and obtaining the Joule thermal decomposition product. The mass ratio of
waste FCC catalyst to graphite powder was 5:1, the energizing time was 10 seconds, and the

Joule thermal temperature was 3000°C.

(DERERRREMERFCCEMT . ERAXEIIGEFCCENFIHMEZE200BLLT, H5REMKRYS

BRERGSESYH, ARFESYHEBETTERRNET, TAESFTI.9%NAIIRA TRALEE

15-01-2026 - Page 23



PEARLNIE, FIARMETESYIEF-ERER, BREFESE, KIEFCCHEMTIRIRRZ LA

1, RISEER@EESY), HA: BFCCELTISAEMARNRELLN5:1, BENENIM, £E
PUREH3000°C,
[n0040]

(2) Glycine leaching of Joule thermal decomposition product: The Joule thermal
decomposition product obtained in step (1) is mixed with glycine solution and leached under
heating and stirring. The leaching solution loaded with La/Ce is obtained by filtration,
wherein: the glycine concentration is 0.5 mol/L, the leaching time is 1 hour, the leaching

temperature is 80°C, the solid-liquid ratio is 0.5:1 kg/L, and the stirring speed is 400 rpm.

QEBEAENFYNHRE L RPR)AFEINSEEMENFYSHRERBARES, M
HIHITRERN, SIRRSHHLa/CaRhR, H: HRARKREN0.SER/F. iZHETEIL/

Bt ZHRERB80°C. ERLE0.5:1F 5 /F, HHFRE 40052535

[n0041]

(3) Oxalic acid precipitation to separate rare earth La and Ce: Oxalic acid solution was added
to the La/Ce leachate obtained in step (2), and precipitation reaction was carried out under
heating and stirring. After the precipitation reaction was completed, solid-liquid separation

was carried out, and oxalate precipitate and filtrate were obtained by filtration. The oxalic
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acid concentration was 4 mol/L, the precipitation temperature was 90°C, the pH value was 2,

the time was 2 hours, and the stirring speed was 500 rpm.

Q)ERUESBEWILaMCe: RTRQ)FAIRFEINAEHL/CaRERPMAERBD KR, EMHHHT
TR, TURRNEREHITERD S, SRSINERETUENIRE, HP: ERRENIE

IRIFE, TUEREN0°C, pHEN2, BHEIA2/NEY, HRFERE 5005 /53¢,

[n0042]

(4) Rare earth oxide recovery: Oxalate precipitate is placed in a muffle furnace for calcination
to finally obtain rare earth oxide products, wherein the calcination temperature is 950°C and

the timeis 2 hours.

A)FmLEMAYE: FERETUEETIHFTRE, RRREHRIENY~m, Hf: BERE

79950°C, Bia)Fg2/\6g,

[n0043]

(5) ICP test results showed that the recovery rate of rare earth La in the waste FCC catalyst was
97.2%, the recovery rate of cerium was 96.8%, and the total recovery rate of rare earth was

95.8%.
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(5)ICPTIRAEERRBA: EFCCESTPIFE L LapI[ERERI997.2%. FHRIEIRZE796.8%, L EEIHL

Z7995.8%

[n0044]

Example 5

SEfI5

[n0045]

Follow these steps to process:

REBINT S RHITRE:

[n0046]

(1) Joule thermal flash decomposition of waste FCC catalyst: The waste FCC catalyst was
crushed to below 200 mesh using a ball mill and uniformly mixed with coke powder to obtain
a mixture. The mixture was then filled into an electrode reactor and treated with Joule
thermal technology under a nitrogen atmosphere with a purity of 99.9%. The electric current

passing through the mixture generates resistance heat, instantly generating high temperature
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to achieve flash-enhanced decomposition of the waste FCC catalyst and obtain Joule thermal
decomposition products. The mass ratio of waste FCC catalyst to coke powder was 4.5:1, the

electric current time was 8 seconds, and the Joule thermal temperature was 2800°C.

(DEERRREAERFCCEMT . ERAXENIGEFCCELFIMEZ200BLLT, HFS5ERMKIYS]
Y, ARFEEYFHARTRIRRNETR, EAEEFT.9%MNATRA TRALEER

PUARLNIE, FIARMEIESYIE-ERER, BREFESE, KIEFCCHEMLTIRIIRERR LA

1, RIGEERBRWSY), Hip: RFCCEUTI SERMARMNIRELL 4.5 1, BENENST, &

PURE /92800°C,

[n0047]

(2) Glycine leaching of Joule thermal decomposition product: The Joule thermal
decomposition product obtained in step (1) is mixed with glycine solution and leached under
heating and stirring. The leaching solution loaded with La/Ce is obtained by filtration,
wherein: the glycine concentration is 0.2 mol/L, the leaching time is 1.5 hours, the leaching

temperature is 65°C, the solid-liquid ratio is 0.25:1 kg/L, and the stirring speed is 250 rpm.

QEEAELFYNHIE L RPBR1)AF[ENEEMENFYSHERARES, EMHAR
HTI#HTRERE, SEREHHLa/CeaiRhR, HP: HRUWERREN0.2ER/F. REEIH1.5/)
Bt JRHEREN65°C. EIRELF0.25:1F 5% /F, WHIERE 25085 ¢,
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[n0048]

(3) Oxalic acid precipitation to separate rare earth La and Ce: Oxalic acid solution was added
to the La/Ce leachate obtained in step (2), and precipitation reaction was carried out under
heating and stirring. After the precipitation reaction was completed, solid-liquid separation
was carried out, and oxalate precipitate and filtrate were obtained by filtration. The oxalic
acid concentration was 2.5 mol/L, the precipitation temperature was 80°C, the pH value was

1.6, the time was 2 hours, and the stirring speed was 380 rpm.

Q) EEIED B LaflCe: BIRQ)FMFEINMARHLa/CaRHRPMANERRDR, MM T
HITTUERMN, TUERNEREHITERDE, SEFIERLTUEMNIER, HP: ERREN2S

BRI, TUERENB0°C, pHIENL.6, BE)J2/NEY, HiHFERE J9380%% /53 ¢Ho

[n0049]

(4) Rare earth oxide recovery: Oxalate precipitate is placed in a muffle furnace for calcination
to finally obtain rare earth oxide products, wherein: the calcination temperature is 930°C and

the timeis 1.5 hours.

@)FmLAMLYE: FERETUEETIHPTRE, KRXREHRISNY~m, HP: BFERE

79930°C, BHiE)1.5/MBd,
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[n0050]

(5) ICP test results showed that the recovery rate of rare earth La in the waste FCC catalyst was
95.3%, the recovery rate of cerium was 95.4%, and the total recovery rate of rare earth was

94.9%.

(5)ICPIIRAEERRPA: EFCCESTPIH L LapI[EURER)995.3%. FHRIEINLZE795.4%, HLEEIUL

F7794.9%,
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