
(12) STANDARD PATENT (11) Application No. AU 2015219899 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Scandium recovery process 

(51) International Patent Classification(s) 
C22B 59/00 (2006.01) C22B 7/00 (2006.01) 
C22B 3/04 (2006.01) 

(21) Application No: 2015219899 (22) Date of Filing: 2015.02.18 

(87) WIPO No: W015/125821 

(30) Priority Data 

(31) Number (32) Date (33) Country 
2014-029537 2014.02.19 JP 

(43) Publication Date: 2015.08.27 
(44) Accepted Journal Date: 2017.03.02 

(71) Applicant(s) 
Sumitomo Metal Mining Co., Ltd.  

(72) Inventor(s) 
Nagakura, Toshihiko;Ozaki, Yoshitomo;Nagai, Hidemasa;Higaki, Tatsuya 

(74) Agent / Attorney 
Davies Collison Cave Pty Ltd, GPO Box 3876, SYDNEY, NSW, 2001, AU 

(56) Related Art 
US 4816233 A



(12) Si tIIIII Iafj:DIDDI - II I' V IM L M W- I i II 

(10) 0 h f 
(43) M W 

2015 8 f 27 H (27.08.2015) WO 2015/125821 Al 
WIPO I PCT 

(51) MRMHVF32: 7920002 !kRk V$*Af iNi-"- RT 1 7 - 5 fitK 
C22B 59/00 (2006.01) C22B 7/00 (2006.01) V9-AU±P * ftAfti Ehime (JP).  
C22B 3/04 (2006.01) (74) 1t ;: E** LZ, Yt(SHOBAYASHI, Masayuki 

(21) M $, R9 : PCT/JP2015/054434 et al.); T 1000005 *,#T FIt M I A ) A 1 -7 

(22) M[J%9E: 2015 P2 J 18 8(18.02.2015) 1 2 - 7- Tokyo(JP).  

(25) 0) 8t-- (81) M 13M®cL\Y HEt~I1t i f): AE, AG, AL, AM, AO, AT, AU, AZ, BA, 
(26) 0~ t: M 13 BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, 

4- CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, 
(30) :Fl, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, 4JiR 2014-029537 2014 P 2 J 19 8 (19.02.2014) JP IR, IS, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR, LS, 
(71) t N A : )K ! !t .1 th W R Et (SUMITOMO LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, 

METAL MINING CO., LTD.) [JP/JP]; T 1058716 #T MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, 
01 R 5 - 1 1 - 3 Tokyo (JP). QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, 

ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
(72) 5 B -t: ft 19 ig (NAGAKURA, Toshihiko); T UZ, VC, VN, ZA, ZM, ZW.  

7920002 R * $ Ji$WMT1 7 - 5 fi 
A tGM tt JF~ftitE Ehime(JP). (84) ( 5r ® 

11 14 '(OZAKI, Yoshitomo); T 7920002 !k 759, 13 flb): ARIPO (BW, GH, GM, KE, LR, LS, MW, 

*ftWiki;i$~iMitT 1 7 - 5 f Xt K MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), -L 

$1t JFiftit1 Ehime (JP). Ad h (NA- 5 7 (AM, AZ, BY, KG, KZ, RU, TJ, TM), E 
GAI, Hidemasa); T7920002 T I2 AV i (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
1 7 - 5 fi- EON% $ $ 'T ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, 
1E t Ehime (JP). 4*t§ i±!l(HIGAKI, Tatsuya); T MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR), 

(54) Title: SCANDIUM RECOVERY PROCESS 

- (54 0 7,®>L/'r)1., 0tVi 

AA (57) Abstract: The purpose of the present invention is to recover roughly 
- AA & >purified scandium, which is purified to an extent acceptable for a technique 

B B for highly purifying scandium, efficiently and without any complicated oper

cc ation from a neutralization sediment (drainage sediment) generated in neut
ralizing acid mine drainage which contains a sulfur component. This scandi

si um recovery process includes a washing step (Sl) for washing a neutraliza

DI a$ tion sediment (drainage sediment) and a dissolution step (S2) for subjecting 
-TEL C~i:JU )f (MnsI> the washed sediment obtained in the washing step (Sl) to dissolution in an 

EE acid. It is preferable that the process further includes a re-dissolution step 
EE k$R FF~ S2 GG (S3) for subjecting a dissolution residue which remains after the dissolution 

- - ain the dissolution step (S2) to dissolution with an acid. In the washing step 

FF I (Sl), it is preferable that the neutralization sediment (drainage sediment) is 
washed with a washing liquid until the pH of the post-washing liquid gener
ated in the washing step becomes 6 or higher. In the dissolution step (S2), it 
is preferable that the washed sediment is dissolved in an acid with the system 
adjusted to pH 1-4.  

( HH ScS.Ut (SoAMfiMlia|) (57) ffeU: 7@29 -~ tfl L114A7 * Tt Ut: t 
Si Washing step(accompanied with re-washing as necessary) , 7X , r0)5W3 < S2 Dissolution step #Lt dI Z C -A ItI-[S Itk L SL t tzX 7, r) 
S3 Re-dissolution step flSW;Fg1 {j5 
AA Scandium recovery process according to the present invention 7 
BE Mixture (drainage sediment) t 12 
CC Washing liquid .1 6DA; _Tfs -; z& )-; M T 
DD Post-washing liquid (Mn eluate) t-b;# zt S 2 t t' t- UT B) I 
EE Washed sediment 2 T U ) 3 
FF Acid 
GG Dissolution residue (AI, Fe, Si) o IZ9tL t TE L L _TfS 1 it 
HH Sc solution (roughly purified Sc) L \ C If2 TF L f: {& &; 0) p H & 6 IVzi4; 

_T f2t S 2T-I t. , U;. y' IZ9AT p H 1 14 _Li 4 1ElT IifJt. 6LL T-t LT LN



W O 20 15/12582 1 A 1l II |I l|||lllllllllllV ||I|I ||||||||||I |||I |||||||||||||||||||||||||||||I 

OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM, f/l"B#t]: 
ML, MR, NE, SN, TD, TG). - ( f 21 $(3))



1 

SCANDIUM RECOVERY PROCESS 

TECHNICAL FIELD 

The present invention relates to a method of recovering 

scandium. More specifically, the present invention relates to 

a method of recovering, as a resource, scandium hydroxide, 

scandium oxide and/or scandium carbonate contained in a 

neutralized sediment which is generated when an acidic mine 

wastewater containing sulfur components is neutralized.  

BACKGROUND ART 

Scandium is extremely valuable as an additive for high

strength alloys and an electrode material for fuel cells.  

However, scandium has not yet been widely used due to small 

production quantity and high cost thereof.  

Meanwhile, a trace amount of scandium is contained in 

nickel oxide ore such as laterite ore and limonite ore.  

However, nickel oxide ore has not been industrially used as a 

raw material for nickel for many years because the content 

level of nickel in nickel oxide ore is low. Consequently, very 

few studies also have been conducted for industrially 

recovering scandium from nickel oxide ore.  

However, in recent years, the High Pressure Acid Leaching 

(HPAL) process has been emerging for practical use, in which 

nickel oxide ore is introduced into a pressure vessel along 

with sulfuric acid, and heated at a high temperature of about 

240 to 260 0 C to allow solid-liquid separation into a nickel-
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containing leachate and a leach residue. A neutralizing agent 

is added to a leachate obtained from the HPAL process to 

separate impurities, and then a sulphidizing agent is added to 

recover nickel as nickel sulfide. Subsequently, this nickel 

sulfide is subjected to a known nickel refinement process to 

obtain electrolytic nickel and nickel salt compounds (see 

Patent Document 1).  

Fig. 2 shows a flow chart for recovering metal from 

nickel oxide ore according to the publicly known technology.  

When the HPAL process is used (Steps S101 to S103 in Fig. 2), 

scandium contained in nickel oxide ore will be contained in a 

leachate along with nickel (Step S101 in Fig. 2).  

Subsequently, when a neutralizing agent is added to the 

leachate obtained from the HPAL process to give a pH of 1 or 

more to less than 4 to separate impurities (Step S102 in 

Fig.2), and a sulphidizing agent is then added (Step S103), 

nickel is recovered as nickel sulfide while scandium remains 

in the post-sulfuration liquid after addition of the 

sulphidizing agent. Therefore, nickel and scandium can 

effectively be separated when the HPAL process is used.  

Then, scandium contained in the post-sulfuration liquid 

can be separated from impurities such as manganese by allowing 

scandium to be adsorbed by a chelating resin having a 

functional group of iminodiacetate (Step S104 in Fig. 2).  

Further, it is also proposed to concentrate scandium after 

adsorbed by the chelating resin (Step S105 in Fig. 2).  

Technologies for allowing a chelating resin to adsorb scandium
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contained in a post-sulfuration liquid and for performing 

further concentration are disclosed in Patent Documents 2 to 4 

and the like.  

However, the scandium recovery steps as described in 

Steps S104 and S105 of Fig. 2 may not necessarily be provided 

in view of the content level, the available amount, the 

facility investment cost and the like. Fig. 3 shows a flow 

chart when the scandium recovery steps are not provided. The 

same symbols as in Fig. 2 are used for the HPAL process. The 

post-sulfuration liquid after addition of a sulphidizing agent 

(Step S103 in Fig. 3) is sent to a wastewater treatment step 

(Step S106 in Fig. 3) while maintaining a scandium content, 

where a neutralizing agent is added so as to obtain a pH of 4 

or more to form a wastewater sediment containing scandium 

compounds as well as impurities such as manganese compounds.  

Subsequently the wastewater sediment will be disposed in 

landfill cites and the like. Scandium is a rare material.  

Therefore, there have been demands for developing a technology 

of recovering scandium from a wastewater sediment.  

An approach for obtaining highly pure scandium oxide from 

scandium hydroxide or scandium carbonate has been proposed, 

the approach comprising: a dissolution step of dissolving 

scandium hydroxide or scandium carbonate in an acidic aqueous 

solution to obtain a scandium-containing solution; a liquid 

adjustment step of preparing a reduced liquid by use of a 

reducing agent; an adsorption step of allowing for a contact 

with a chelating resin to form a chelating resin having
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scandium adsorbed; a washing step of washing the chelating 

resin having scandium adsorbed with a dilute acid; a 

dissolution step of dissolving scandium from the chelating 

resin having scandium adsorbed with a strong acid to obtain a 

scandium-containing solution; a precipitation step of 

obtaining a scandium precipitate with a precipitant; and a 

calcining step of calcining the precipitate (see Patent 

Document 5).  

Patent Document 1: Japanese Unexamined Patent 

Application, Publication No. H03-173725 

Patent Document 2: Japanese Unexamined Patent 

Application, Publication No. H01-133920 

Patent Document 3: Japanese Unexamined Patent 

Application, Publication No. H09-176756 

Patent Document 4: Japanese Unexamined Patent 

Application, Publication No. H09-194211 

Patent Document 5: Japanese Unexamined Patent 

Application, Publication No. H09-208222 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

However, the content level of scandium in a wastewater 

sediment is as low as about 10 ppm. In addition, a wastewater 

sediment contains a large amount of impurities to be removed 

such as manganese, aluminum and the like. Therefore, when a 

wastewater sediment is directly subjected to the technology 

described in Patent Document 5, the purity of scandium in a
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leachate obtained through the dissolution and liquid 

adjustment steps is low, and sufficiently pure scandium oxide 

may not be recovered even after the aforementioned adsorption, 

washing and dissolution steps. A technology for recovering 

crudely purified scandium having a sufficient quality for the 

technologies of obtaining high purity scandium from a 

wastewater sediment such as those described in Patent Document 

5 and the like is required.  

An objective of the present invention is to efficiently 

recover crudely purified scandium without performing 

complicated operations from a neutralized sediment (wastewater 

sediment) generated when an acidic mine wastewater containing 

sulfur components is neutralized, in which the crudely 

purified scandium is purified to the extent where it can be 

applied to technologies for obtaining high purity scandium.  

Means for Solving the Problems 

After conducting extensive studies to achieve the above 

objective, the present inventors found that scandium compounds 

fixed in a form of a neutralized sediment can efficiently be 

recovered as a resource by dissolving a post-washing sediment 

in an acid, the post-washing sediment being obtained after 

washing the neutralized sediment. The present invention has 

been completed. Specifically, the present invention provides 

the followings.  

(1) The present invention provides a method of recovering 

scandium, the method comprising: a washing step of washing a 

mixture containing scandium hydroxide, scandium oxide and/or
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scandium carbonate and manganese hydroxide, manganese oxide 

and/or manganese carbonate; and a dissolution step of 

dissolving a post-washing sediment in an acid, the post

washing sediment being obtained after washing in the washing 

step.  

(2) Further, the present invention provides the method of 

recovering scandium according to (1), wherein the washing step 

comprises a step of washing the mixture with a washing liquid 

until the pH of a post-washing liquid obtained after washing 

in the washing step becomes 6 or more.  

(3) Moreover, the present invention provides the method 

of recovering scandium according to (2), wherein the weight of 

the washing liquid is 3 times or more and 5 times or less 

relative to the weight of the mixture per washing.  

(4) Furthermore, the present invention provides the 

method of recovering scandium according to any one of (1) to 

(3), wherein the mixture is a neutralized sediment generated 

when an acidic mine wastewater containing sulfur components is 

neutralized.  

(5) Further, the present invention provides the method of 

recovering scandium according to any one of (1) to (4), 

wherein the dissolution step comprises a step of dissolving 

the post-washing sediment in the acid to adjust a pH to 1 or 

more and 4 or less.  

(6) Moreover, the present invention provides the method 

of recovering scandium according to any one of (1) to (5), 

wherein the dissolution step comprises a step of dissolving
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the post-washing sediment in the acid so that a slurry 

concentration of the post-washing sediment is 10 wt% or more 

and 50 wt% or less.  

(7) Furthermore, the present invention provides the 

method of recovering scandium according to any one of (1) to 

(6), further comprising a re-dissolution step of dissolving a 

dissolution residue in an acid, the dissolution residue being 

obtained after dissolution in the dissolution step.  

Effects of the Invention 

According to the present invention, crudely purified 

scandium can efficiently be recovered without performing 

complicated operations from a neutralized sediment (wastewater 

sediment) generated when an acidic mine wastewater containing 

sulfur components is neutralized, in which the crudely 

purified scandium is purified to the extent where it can be 

used as a raw material for technologies of obtaining high 

purity scandium such as adsorption through a chelating resin, 

solvent extraction and the like.  

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 describes the method of recovering scandium 

according to the present invention.  

Fig. 2 illustrates a first conventional technology for 

recovering metal from ore.  

Fig. 3 illustrates a second conventional technology for 

recovering metal from ore.
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PREFERRED MODE FOR CARRYING OUT THE INVENTION 

Below, specific embodiments of the present invention will 

be described in detail, but the present invention shall not be 

limited to the following embodiments in any sense.  

Modifications may be made appropriately to the present 

invention without departing from the scope of the present 

invention.  

Fig. 1 illustrates the method of recovering scandium 

according to the present invention. The present invention 

involves a washing step Si of washing a mixture containing 

scandium hydroxide, scandium oxide and/or scandium carbonate 

and manganese hydroxide, manganese oxide and/or manganese 

carbonate; and a dissolution step S2 of dissolving a post

washing sediment in an acid, the post-washing sediment being 

obtained after washing in the washing step S1. Preferably, the 

present invention further involves a re-dissolution step S3 of 

dissolving a dissolution residue in an acid, the dissolution 

residue being obtained after dissolution in the dissolution 

step S2 although it is not essential.  

<Washing step Sl> 

In the washing step S1, a mixture containing scandium 

hydroxide, scandium oxide and/or scandium carbonate and 

manganese hydroxide, manganese oxide and/or manganese 

carbonate is washed. Below, a case where the mixture is a 

neutralized sediment (wastewater sediment) generated when an 

acidic mine wastewater containing sulfur components is 

neutralized will be described. However, the mixture shall not
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be limited to this, and can be any entity as long as it 

contains scandium hydroxide, scandium oxide and/or scandium 

carbonate and manganese hydroxide, manganese oxide and/or 

manganese carbonate.  

In the washing step S1, a washing liquid is added to a 

neutralized sediment (wastewater sediment) and stirred to 

effect solid-liquid separation into a post-washing liquid and 

a post-washing sediment. Manganese ions will be contained in 

the post-washing liquid, and scandium compounds will be 

contained in the post-washing sediment. As a result, manganese 

compounds can be removed appropriately from the neutralized 

sediment (wastewater sediment) . There is no particular 

limitation for the washing liquid, but it is preferably water, 

recycled water from wastewater discharged after repeated 

neutralization or the like, and more preferably pure water in 

view of avoiding any environmental problem after discharge.  

There is no particular limitation for the weight of a 

washing liquid in the washing step S1, but it is preferably 3 

times or more and 5 times or less of the weight of a 

neutralized sediment (wastewater sediment) per washing. In a 

case where the amount of a washing liquid is too small, 

washing may be insufficient, and may need to be repeated for 

many times. In a case where the amount of a washing liquid is 

too large, an effect for reducing the number of washing may 

not justify the increase in the amount of the washing liquid 

as an equipment capacity, in particular a filtration equipment 

capacity increases.
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The stirring time is generally about 30 minutes although 

it may also depend on an equipment size and structure.  

Stirring for longer than that would produce no further 

significant effect. Further, the stirring temperature is 

preferably about 60 0 C because the stirring time may be 

reduced.  

One possible criterion for determining whether finishing 

the washing step S1 or washing a post-washing sediment again 

may involve analyzing the composition of a post-washing 

sediment for a change in the content of manganese components.  

However, it is preferred to use an alternative criterion of 

measuring the pH of a post-washing liquid because the above 

approach is time consuming. For example, the mixture is 

preferably washed until the pH of a post-washing liquid 

becomes 6 or more, more preferably until the pH becomes 6.5 or 

more, and even more preferably until the pH becomes 7 or more.  

In a case where a post-washing sediment is washed again, 

the same method and conditions as in the washing step S1 may 

be used for re-washing operations.  

Performing wash in the washing step S1 can appropriately 

remove manganese components contained in a neutralized 

sediment (wastewater sediment) in the early stage. As a 

result, the amount of an acid to be used in the dissolution 

step S2 can be reduced.  

<Dissolution step S2> 

In the dissolution step S2, the post-washing sediment 

obtained after washing in the washing step Si is made into a
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slurry, and an acid is added to leach scandium contained in 

the post-washing sediment into an acidic solution, thereby 

obtaining a scandium solution and a dissolution residue.  

The above acid may be any conventionally known acid.  

Examples include, for example, sulfuric acid, hydrochloric 

acid, nitric acid and the like. But the acid is preferably 

sulfuric acid in view of wastewater treatment and the like.  

In the dissolution step S2, the pH is preferably adjusted 

to 1 or more and 4 or less, more preferably 2.5 or more and 

3.5 or less. A pH of less than 1 is not preferred because 

impurities contained in a post-washing sediment such as 

aluminum and iron may be leached into a scandium solution, 

resulting in a decreased purity of scandium in the scandium 

solution. A pH of less than 1 is also not preferred in that 

silicon contained in a post-washing sediment may be leached 

into a scandium solution to gelatinize the scandium solution, 

resulting difficult solid-liquid separation into a scandium 

solution and a dissolution residue. On the other hand, a pH of 

more than 4 is not preferred because a dissolution ratio (an 

leaching ratio) of scandium into a scandium solution 

decreases.  

In the dissolution step S2, a post-washing sediment is 

preferably dissolved in an acid so that a slurry concentration 

of the post-washing sediment is 10 wt% or more and 50 wt% or 

less. A post-washing sediment is more preferably dissolved in 

an acid so that a slurry concentration of the post-washing 

sediment is 20 wt% or more and 40 wt% or less. A post-washing
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sediment is even more preferably dissolved in an acid so that 

a slurry concentration of the post-washing sediment is 25 wt% 

or more and 35 wt% or less. A slurry concentration of less 

than 10 wt% is not preferred because the concentration of 

scandium in the resulting scandium solution is decreased, 

which may affect the final scandium recovery rate and the 

equipment capacity when the scandium solution is purified by 

means of adsorption through a resin, solvent extraction and 

the like. Further, a slurry concentration of more than 50 wt% 

is not preferred because handling of the slurry is difficult.  

<Re-dissolution step S3> 

The re-dissolution step S3 is a step in which an acid is 

added to the dissolution residue obtained from the dissolution 

step S2 to generate a slurry again for the purpose of 

increasing the recovery rate of scandium components contained 

in the neutralized sediment (wastewater sediment), and an acid 

is then added to the slurry to allow for nearly complete 

recovery of scandium remaining in the leach residue.  

The same operations as in the dissolution step S2 may be 

used in the re-dissolution step S3. Note that in a case where 

the content level of scandium in the dissolution residue is 

low, a dissolution residue obtained from the dissolution step 

S2 and a post-washing sediment obtained from the washing step 

S may be combined for generate a slurry, thereby performing 

the dissolution step S2 and the re-dissolution step S3 

concomitantly.  

A scandium solution as crudely purified scandium obtained
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through the aforementioned steps can be used as a raw material 

for use in technologies of obtaining high purity scandium such 

those described in Patent Document 5 and the like.  

EXAMPLES 

Below, the present invention will be described in more 

detail with reference to Examples, but the present invention 

shall not be limited to these descriptions in any sense.  

<Preparation process of raw materials> 

First, nickel oxide ore was introduced into an autoclave 

along with concentrated sulfuric acid, and a slurry containing 

valuable metals such as scandium and nickel was generated 

under a condition of 245 0 C over 1 hour. The slurry was then 

subjected to solid-liquid separation into a leachate 

comprising various valuable metals and a leach residue.  

Subsequently, calcium carbonate was added to the leachate 

to adjust a pH to 3, thereby obtaining a neutralized sediment 

and a post-neutralization liquid. Valuable metals such as 

scandium and nickel are contained in the post-neutralization 

solution, and most of impurities such as aluminum are 

contained the neutralized sediment.  

Subsequently, gaseous hydrogen sulfide was blown to the 

post-neutralization liquid to separate nickel, cobalt and zinc 

as sulfides from the post-sulfuration liquid.  

Then calcium carbonate was added to the post-sulfuration 

liquid to adjust a pH to 9, thereby allowing separation into a 

wastewater sediment and a waste liquid. The composition of the
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wastewater sediment is shown in Table 1. This wastewater 

sediment was used as a raw material for Examples and 

Comparative Example.  

[Table 1] 

Composition of wastewater sediment (Unit: wt%) 

Water 
Ni Fe Cr Si Al Ca Mg Mn Sc 

content 

0.04 33.00 1.30 3.20 2.10 7.60 0.50 0.72 0.0009 27.35 

[0043] 

<Examples and Comparative Examples> 

[Table 2] 

Washing Re-washing 

Example 1 Yes Yes 

Example 2 Yes No 

Comparative Example 1 No No 

[0044] 

[Example 1] 

[Washing of wastewater sediment] 

The above wastewater sediment was made into a 20 wt% 

slurry, and stirred at room temperature for 30 minutes, and 

solid-liquid separation into a post-washing liquid and a post

washing sediment was then performed using a nutsche and a 

filtering flask. Water was again added to the post-washing 

sediment, and re-washed by the same method as described above.  

The composition of the post-rewashing sediment after washing 

and re-washing is shown in Table 3.
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[Table 3] 

Composition of post-rewashing sediment (Unit: wt%) 

Ni Fe Cr Si Al Ca Mg Mn Sc 

0.04 33.00 1.30 3.20 2.10 7.50 0.49 0.07 0.0009 

[0045] 

Table 3 clearly shows that about 90% of manganese 

components contained in the neutralized sediment was 

successfully removed by washing and re-washing.  

[Dissolution of post-rewashing sediment] 

A solution of sulfuric acid was added to the post

rewashing sediment to adjust the slurry concentration and pH 

to 50 wt% and 3.5 respectively, and stirred at room 

temperature for 30 minutes to obtain a scandium solution and a 

dissolution residue. The above scandium solution was taken as 

a sample for Example 1.  

[Example 2] 

A scandium solution and a dissolution residue were 

obtained by the same approach as in Example 1 except that 

after performing solid-liquid separation into a post-washing 

liquid and a post-washing sediment, the post-washing sediment 

was directly dissolved in a solution of sulfuric acid without 

re-washing the post-washing sediment. The above scandium 

solution was taken as a sample for Example 2.  

[Comparative Example 1] 

A solution of sulfuric acid was added to the above 

wastewater sediment without washing to adjust the slurry 

concentration and pH to 50 wt% and 3.5, respectively, and
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stirred at room temperature for 30 minutes to obtain a 

scandium solution and a dissolution residue. The above 

scandium solution was taken as a sample for Comparative 

Example 1.  

[Evaluation] 

The concentration of each component contained in the 

samples from Examples and Comparative Example. Table 4 shows 

ratios of other components when the concentration of scandium 

is taken as 1.  

[Table 4] 

Ni Fe Cr Si Al Ca Mg Mn Sc 

Example 1 38 0 8 51 1698 104 906 95 1 

Example 2 38 0 8 51 1698 104 906 830 1 

Comparative 
44 36667 1444 3556 2333 8444 556 800 1 

Example 1 

[0050] 

Table 4 reveals that a scandium solution having purer 

scandium can be obtained through the washing step of washing a 

wastewater sediment and the dissolution step of dissolving a 

post-washing sediment in an acid, the post-washing sediment 

being obtained after washing in the washing step (Examples 1 

and 2) . In particular, it demonstrates that repeating the 

washing step for multiple times can further increase the 

purity of scandium (Example 2).  

According to the present Examples, crudely purified 

scandium can efficiently be recovered without performing 

complicated operations from a neutralized sediment (wastewater
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sediment) generated when an acidic mine wastewater containing 

sulfur components is neutralized, in which the crudely 

purified scandium is purified to the extent where it can be 

used as a raw material for technologies of obtaining high 

purity scandium such as adsorption through a chelating resin, 

solvent extraction and the like.  

In addition, manganese components are removed from a 

wastewater sediment in the washing step prior to the 

dissolution step. Therefore, in the subsequent dissolution 

step, the amount of sulfuric acid can be saved by the amount 

required to leach manganese as manganese sulfate in an amount 

corresponding manganese components removed in the washing 

step. Specifically, the amount of sulfuric acid can be saved 

by about 10% in the dissolution step as compared with a case 

where the washing step is not performed.  

EXPLANATION OF REFERENCE NUMERALS 

S1 Washing step 

S2 Dissolution step 

S3 Re-dissolution step
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CLAIMS 

1. A method of recovering scandium, comprising: a washing 

step of washing a mixture containing scandium hydroxide, 

scandium oxide and/or scandium carbonate and manganese 

hydroxide, manganese oxide and/or manganese carbonate; and 

a dissolution step of dissolving a post-washing 

sediment obtained after washing in the washing step in an 

acid, 

wherein the washing step comprises a step of washing 

the mixture with a washing liquid until the pH of a post

washing liquid obtained after washing in the washing step 

becomes 6 or more.  

2. The method of recovering scandium according to claim 1, 

wherein the weight of the washing liquid is 3 times or more 

and 5 times or less relative to the weight of the mixture 

per washing.  

3. The method of recovering scandium according to claim 1 

or claim 2, wherein the mixture is a neutralized sediment 

generated when an acidic mine wastewater containing sulfur 

components is neutralized.  

4. The method of recovering scandium according to any one 

of claims 1 to 3, wherein the dissolution step comprises a 

step of dissolving the post-washing sediment in the acid to 

adjust a pH to 1 or more and 4 or less.  

5. The method of recovering scandium according to any one 

of claims 1 to 4, wherein the dissolution step comprises a 

step of dissolving the post-washing sediment in the acid so
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that a slurry concentration of the post-washing sediment is 

10 wt% or more and 50 wt% or less.  

6. The method of recovering scandium according to any one 

of claims 1 to 5, further comprising a re-dissolution step 

of dissolving a dissolution residue obtained after 

dissolution in the dissolution step in an acid.
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