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The rapid leaching of key metals, such as Ni, Co, Cr, and Re, from Nickel-based single crystal superalloy scrap was carried out
in atmospheric ternary oxide leaching system. Experimental factors involved in the leaching process, including stirring speed, leaching
time, volume of hydrochloric acid, nitric acid and hydrogen peroxide were studied. The results showed that the total leaching ratio of
Ni, Co, Cr, and Re was higher than 95%, and the leaching ratio of W was 53% under conditions at V(HNOz)/V(H20) of 0.24,
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V(H202)/V(H20) of 0.24, V(HCI)/V(H20) of 2, stirring speed at 200 r/min, and leaching time of 3 min. Meanwhile, the kinetic model
of leaching process, occurrence state of key metals, oxidation dissolution mechanism and main components of leaching residue of
superalloy scraps were also discussed. Results revealed that the leaching behavior of Ni, Co, Cr, Re, W was controlled by the chemical
control model, and key metals, such as Ni, Co, Cr and Re, mainly existed as MxCly form, W existed as tungstate form, while the main
component of leaching residue was WOs, TaO and Ta20s. Those results demonstrated that the content of each substance in leaching

residue was inversely related to the content of corresponding ion in leaching solution.
Keywords: nickel base single crystal superalloy; rhenium; oxidation leaching; existent state; kinetics
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Fig.1 Effect of stirring speed on leaching rate of key metals in single crystal superalloy
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Fig.2 Effect of reaction time on leaching rate of key metals in single crystal superalloy
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Fig.3 Leaching kinetics of key metals in single crystal superalloy calculated by core shrinking model: (a) chemical reaction rate

control; (b) diffusion rate control
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Table 1 Correlation coefficient of different speed control processes (R?)

) HRFAE(RY)
EL-bL A
Ni Co Cr Re w
1- (1x)3= Kt 0.9796 0.9558 0.9905 0.9966 0.9687
1- gx-(l-x)z/3 = Kt 0.8091 0.7808 0.9029 0.9605 0.8318
3HCI AEXX@EEBR B M

RFFE V(HNO;)/V(H20) N 0.24, V(H20,)/V(H0)N 0.24, FiEHEHEE AN 200 t/min, E#ER EA 3 min, &
IAEE R NEAT, BRI EX Niv Cov Cr. Re F1 W [FiZ tH R fsem WL 4. I 4 nf 41, B HCL H &
(IXGI, Niv Cov Crv Rev W iRt ZH 2 S 8518 € &%, (HASHLA %7, Niv Co. Cr Fl Re
£ VHC1)/V(H0) 4 1.2 BFRIIA R K, T W IR H 2R I8 B B B U 75 22 VHCL/V(H0)N 2. TH, %
Fie @R EREAER, X4 VHCH/VH0)H 0.8 8 I1%] 2 i, Ni. Co. Cr. Re HIIZ HF AR 95%LL
F, 58 97.8%. 97.75%. 97.58%- 95.25%, W IR HZRAUN 44.17%, X 3 02 S 1) J5L BN vl 2
FARTLLRBEA . (D EAMEREENER. € LR&EMILE T, Cr. CoMNi BTH dERE
JBIE, Re MW BTHE=LIERTCER. BRI EHILIRCY, F—LERTCER, BENLRL, A
HLW I, Bl TR SRR e M I i — I N, RIRES TS CIEREL &P ik e
MENRE Ay Crif<Co?"<Ni*'e MRABECALERIS, FFPES ¥R A P0sAa e, TERR b5 HO R T 28 28 1K
S /INCOL AR RE T RE T R, VAP A TR BE DN, 5 I I A 8 P JR MR R 7, Rt
AARZE S HI13 3] Cry Co Rl Ni (IR HSARUIG R M H, RIBECAIHL, BEE HCUIMAN BRI R, Bk
FERIIN, E ST RRN, A4 Cre Co I Ni (IR HI BB ARG K FIRER), IRIERCAIELIE,
BE A ORI EE RO, VAW B R A E R, BRI BE B A AR e PRI RS K, R,
B HCLIRFZRIHI K, Cr. Co H Ni H)¥ A AR IR ELE W N e 0T 88 = =i ERITER, BRI T
AR R ks, BRI AR U BTHI S, (6 i R4 e R H AR AEE S e, DR Al T
HEM H Re 3575 BRI UG S W0 RE 0L Wi, VA MRRE JJ ARSI SE 58, 7RISR P R H Z A
JO Ry, ER H SR BE HCT IR (K38 IFE BE RN o (2) 78 BRIR AR RE J1 1) 25 57 o ARAEAHSCSTHR, Ni. Cos
Cr BUNBUE RS S, P TIREER RO, 1 W 8 Tkt ZE 4 s, BMERR HAER HCL FOIn#E 110
°C AWM, RAT4RE R FIN HNOs Fl HoOo 55 B AT B B AV I 5 A4 S TR, TR =)t 2 DA
WOs. WO HIEARAFIER), ttb b nf DU, WORSREUTER, CHRMELS W B FIERECEY), X552 FifE
FL & ke e P o — 5. Rk, RAEAENTRREEE, HCL A BRI NS 123t W A3 i DA R _E AT A R
TH T HCL ISR F TV W IEKEE 7y, (R W 5 O JEF RAESAG VT, BE& HCL A
R, WA RE 3G, W IR R ARG K. (H SV WO2 I BB — e R, B4

7



W HNOs M1 HaOo Y AR — €L A, 190 HCL Frsg KINEALRE TR AR R /N, AR IRZRE T W I
AL Ak S, ATLATEA R HNOs Al HoO; FIIMANERS, W IR H 2B HCl I A =8 8 — &
FRPEJG AN H A RN, 2R MR Fo — AN 2, 10 HCL &, R RIS, 14 R IR BT =,
RIS T35, 73518 A BRI I, K& 70 TR RE R A NG 7, (R R BHE K,
AFIT W. Re (R IPY. 24 HCI FIESE NS — @R G, = HAREE HCL AT e i 22 LF- /] LA 2
At IR TP T S S A IR RE 22 R o 249 HH < 0 3R &% MO 25 I TR R Pk B
A, IR, RN AR 22 5 BR R S MERE, AR R ZEE N 0, Sepi
AERAE, R RN I IR AR, JLF AT B AN

K4 HCIHEX SRR G eh R emR R m

Fig.4 Effect of HCI content on leaching rate of key metals in single crystal superalloy
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Fig.5 Effect of nitric acid dosage on leaching rate of key metals in single crystal superalloy
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SR ) IR = e I B B R S SO SIIIR B ) ZE AR, IR R BRI A I B AR
IRENEA, IREATRABN, RS BRI 22 5 R B /MRS, SIS R B AL ZIEALN 0, R
LA PR AR o ARSI N HaOn F & AR TR S VR IR B B, (B S REED IOV 4k B2 AT o (RIIE, B HaO,
FIE N, Ni Co #1 Cr IR HH LR E L. BT W Al Re, BT HEFE MIRAIRES 2 ReOs Il WO
, TE 25°CRe ¥t N ReOs AL R AL 0.37 V, W F40A WO AR R AL Z 0.049 V. T
Ho0, TERR M 25 1R T e — P A7), FAAEJFE AN 177V, @& T Re M1 W HJELIE R BLAL, H H,0;
FERRME SR NAKEE 5 o0 i, BEIS 2RI R AR LT 3248 5 Re A W HEAlUR AR FA RS, 2 LLKE Res
W A& ReOs 1 WO, B3, iR i RN S Rew W B FHAE A ReOs 1 WO J5, HiFEEMEE T
IR BER AR, S ATRRIE J 57 2 () ) R 22 5 K, AT T BARAE Re W RS AL MR . 299K,
H,0, 248 Rew W KR R A BRIZR, 24 ReOs I WOLFER HH IR EEIABIMER, 12 H &8 e R & F Y
BB TR PR BIEA, HIREATRAARA, SOSPIFNA SAk E 2 e AR R B MRS, A ALiE
JRHALZZIER 0, SSAFRRA, B T IR R AR N, LT RS AN .

6 UK B0 B s T A B rh oG B BB IR L R AR

Fig.6 Effect of hydrogen peroxide dosage on leaching rate of key metals in single crystal superalloy

6 SRBAAREHI

K 7 N T 24 R R RS T8 )5 /S XRD i B, mIEE 41, Ni EE L NIClL Al Ni(NOs), 17
fE, H17T Ni 7£ HCl. H,O, Ml HNO; & VA, AT Ref B A2 WA (3D - (5); Cr & BL CrCls f77E,
XA N Cr T HCL HrTRef b FE L (6)5 Co /& LA CoCly il Co(NOs), 7775, H b Ji FE 5
Ni 7£ HCl. H,O, 1 HNOs W) [ AL, HAR BRI, (7) - (8); Re FZEZELL ReCly 1 ReCls £F1E,
BT HoOp FERRPE S5 R T 43 A= OR1-21, i O HAA R BRI EUL M, BRI T K Re EL R € 1) RO,
W, BT RS PR, 384 Re (IV) B T S8 AS T Re (V) Fl Re (VID, BT Re (VID
JE TR, B HReOy, Hmila&HME 2, FIEEMTHERZ . Hik, HReOs 5 mil A 4 i
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534 )@ RN TT BE T R IR 26, e AR B AFAE, X T REFEH/INI Re (IV) Fl Re ( V), MIHLERAR, %5784 ReCly
A ReCls, HATRERI M ISFER (9) - (100, EZRMNAERT, W FEIFMEAE H00 M1 HNOs 1, A
ATENE WO; M1 HoWOy, RE HoWOs IRIERSS, EANFE S Sl &< <J& (41 Fe. Cr. Mn %5) &K
A RNIRIFTRE . BRI, FRATIHEIT W EIR I P U BR BRI R A2 AE, B TRTHE AR R R 2%, Hl
KT W IIRAER AT 70 R 45 e MR A

Ni+2HCI+ H,0,= NiCl+2H,0 (3)
Ni+2HCI=NiClx+H» (4)
Ni+4HNO3;=Ni(NO3),+2NO,+2H,0 (5
2Cr+6HCI=2CrCl5+3H, (6)
Co+2HCI1=CoCl,+H; 7
4Co+10HNO3=4Co(NO3)>,+NH4sNOs+3H,0 (8)
Re+4HCl+20=ReCl4+2H,0 9
2Re+10HCI+50=2ReCls+5H,0 (10)

K7 BRI XRD %K

Fig.7 XRD spectrum of leaching solution

7 BHEBRAAHT
X2 NEERBARAR B R XRE MESE R, FIAR () HEIERE& TRELRNE 2
Fiw, BATTUER], BRSPS ESRBBHTHSETHNEEERMAXR, WIHR BRI RS RZ
AJEERIG M. g 2 vl 40, 3B iR B> B Ni 1 Cr, Bl Ta M1 W 4%, FIH XRD %4
ML E S RN 8 flin. TR, RIEMEK W TEIEK T WO L&Y, Ta FER T TaO Fl Tay0s
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WEY. Wondk Ta R RTARR, (ERERAXEKERMEER PR ANE R BALZ R T Ta MW K
AP, R, RIEARE) Ta A1 W BEALTEZ B TaO\ TayOs M1 WOs (L&)

2 JFEREANR i XRF 4 Hr

Table 2 XRF Analysis of Raw material and leaching residue

JCE D (Wt %)
5 F&lg Ni Co Cr Re Ta W
G &R 20.00 67.2 7.4 6.8 3.9 7.3 7.4
2 3.10 1.10 0.00 1.80 0.00 59.07 38.03
RH % 99.75 100 95.74 100 0 21.00

8 RN XRD K

Fig.8 XRD spectrum of leaching residue

8 &

PUER L B B iR A S BRI R N AN 5, 3 TR = S0 R IR A R SEBL T miR & S O DR v
W s R

(D Ak 7 HiPEE U R H A, HCL. HNOs. H0, A &2, Z5 R, 24 V(HNOs)/V(H0) N 0.24,
V(H20,)/V(H20) 4 0.24, V(HCL)/V(H20) N 2, #ii#E#E Dy 200 r/min, 2 H 3 min I, fEZ5%F T Ni. Co.
Cr. Re IR HIFWIER] T 95%LL E, W IR HHE AN 53%.

(2) T ERGUREE—PHTT 7RG R R T RNR MBI, W 7R e R AR R
HERAPIRAS I AR 45 1 R R AR IR R A B AL BFFOR B NIy Co. Cry Re Al W 3R
BIFF AP, BRI AR A 2 e O AR ], RE R ZHORIEMK Ta A1 WAL AL
TaO. TaOs fl WOs 54 M. RILEHEMHM S ESREBPHSE TFHSERERAXR, WHRETE
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