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U CRT 2% AR E G To 72, R RER R A E LTS SR, 2y CRIHBOSI TSI ZEEL Qe T, il
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STRPELRWEBIMEICTHD, Fl 21X, BXEBHES
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HAOBITNS, ZOIIN, LT AZLVO RIS
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METRoTND, FT, REROVEIEIEIMERICINZ T,

BT, A KZOMBRDIZEST, LT T — A% %<5
TeL 77— AEPIED T RLENT=?, BUE, [ EChbm
SfL7RL T T — AFLRIZ P E R OILIR THY, Z Dk

LT 7 —A&4E (ZREY) 1% 500~2,000 ppm F£E£ TH 5D,

LT 7 —AEJRIED IREY 1E 400~2,300 ppm THY, [
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LT ARV DA LIRILR THDHEHE 2 HID, AFZETIE
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ERF L= DT, TORSAEHET 5,

L7 AZ VAR HLE LSO 4 J8 B TR, 53 BEIR1IY
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D T&- LEMMAEZ AW TIThh &z, 22
T, AWFIETIL, Biiz7oL 7 A%V O 4 g fh Al O BR
4 BEEL, BrbhiAz s 73t a1tV 18k,
STEEDEEL o Tz =L (Ni2) &30k (Co*) D, =
I (Mn?) oD SR R LTZ,

2. ARAE
2.1 WMEFKIOERK

Aal, FROZ VL LT IR AT AR A (Fig. 1)
T & % N-[N,N-di(2-ethyl-hexyl) aminocarbonylmethyl]
glycine ( D2EHAG ) ¥ £ T' N-[N,N-di(2-ethylhexyl)
aminocarbonyl-methyl] sarcosine (D2EHAS) % &5 ik L,
Ni?*, Co*, Mn**DHliHEEZMRFS LT, AR A LIzl
FNX T 2EAHIHA Versatic 10 DRSS ICHIEET D H/LAR
VEREENL T-ELTHEL, M oEko Al LIX 63 Off
EITHHEPILT NH EZ A 57280, ZIHD i FZNRIC
Kb, BTz Co-Mn D BEZFEH CE LD TIFRNNESE

251D,
2. 2 HHRIONFREHEE
VN T Gl O o N Lo VAR il s [a np=1 [ DL e i

%2121, D2EHAG LT D2EHAS 28 L, £ O
HERHlZ1T>7-, HSAB HIZ4# 5512, ERL A fE/s
AL CEE R 4 257 (DR MEE~0BIFM:, @
Wl AR, @l R CH A IR IE) ~D BRI, @2
TNIRE AR — ) R A To kit (Fig. 2) BX
DB RREATV, & BAA L ORI R Z4T > 7=, LA
TIZA RO R EFHIB W TRICEE L4 812250\ T
A A
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Bz, 93k, a1 7o C&-hiHA] DODGAA 1%
HULNT HSAB HIFC VL 1Z3%4 975 O i FA AL
TWB, FLO=—7 D O FF—, HILHRFINFED
OH ¥, BLXOTIRDORF—D 3 >DOFL — hH T
BB A~DRILDB AR T, £ZT, 4[5 DODGAA &
X728 BRI R BS 5720, (LEHDOH L%,
O R —JHONWEIETHS 7 (-NH-), BX
O =57 ((NCHs-) #EIE (28 2 7= B A o0 & Ak
ERETLIZ, %72, DODGAA ERIBRIC ZJERU F-&9°5
ZETHLOTIUEED N K —, LRI ED
OH #, BELUTIRD O KF—D 3 BAFEDFL—Rh
FACKO RN & BB O R BLA H IR LT,
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Fig. 1. Structure of new extractants
(a) D2EHAG, (b) D2EHAS
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Fig. 2. Novel extractant design in this study
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A7 T2ERZRIC BBV, BRICK DR 578
BIEAF L OHHIHAFRETHY, 7'mhe (H) IRETH
Gy iZhitt B KO 2 I C XD LD AR F L
(-COOH) & ALT=,
3) H AR (IR A ) ~ DR R D FE B,

IKSDAEEM:, 36 LTOVEBIAIEA~ ORI T 53
LEBET NI NVELE AL, Fric TEMRHAIOZL
R, SISO BT LR EEA LTV, SHEEEO
TFNHE B AU G, AR L OB flimfE A3 A
FUA BRI~ OVERYER W B3 52T DT-
b, T Al D2EHPA, PC-88A ZEL[AIERIC 2 AR
2-TF NAF IV EAREEIOEA LT,
) VT NVREBRAF— A

Sk L O E AL U CHW R TOILE N R S
PRI ANTAFA R, BEIOERISIZEL T, v
VINIRAF— DTER TELIENEE ThHLHLE AT,
PA R U8B R A ORRE AR A R BRI, Bl
HDOE AT T,
2. 3 FFMHF D2EHAG DERK

AL TH BT 2HBUH M ANE, 1 step H T 2-chloro-
N,N-di(2-ethylhexyl)acetamide % &k L, 2 step H T
glycine 23 A9% 2 step D i TARLTZ, 2 step Sin
I, EBIZEZ T AR % Wz SNy )R THY, 7L
ICERNFAIRE THDHEB 2 OND, BAEAERMIL, FiH
LA THD, BRROEE, FEULEHOE KI5
3 CO0%BE(TLT, D2EHAS bIRIERZR 1L TH R LT,
2. 3. 1 2-chloro-N,N-di(2-ethylhexyl)acetamide

(CDEHAA) D& X

1 step H D% Fig. 3 127877, di(2-ethylhexyl) amine
0.1 mol (24.1 g), triecthylamine 0.1 mol (10.1 g) %
dichloromethane [ZIRAFSH, KB N TIREE L2 H,
chloroacetyl chloride 0.12 mol (13.5 g) Zd-<N& (2, 3 7

2 1 DR—RT), I F L7z, I T T, IR T 3 I
AR L7, BEFRIE T 12, Z0EIR=HIZEYD 0.1 M HCI T2
[ml, Z?D#% Milli-Q /K THEIFE L, dichloromethane fH%
7 EULT7=, Sodium sulfate, anhydrous %3 fN%, BiKL
7ot%, WIEAMEL, iAo/ SR — 2 —ThRELH AR
{& @  2-chloro-N,N-di(2-ethylhexyl)acetamide ( LL %
CDEHAA L350 24572, (INE 29.1 g, IR 92%) 4
R1E 'H NMR, °C NMR #L0Y CHN s #0012 8b
FIEZIT 72,

2-chloro-N,N-di(2-ethylhexyl)acetamide (CDEHAA, M.

W. 317.94): 'H NMR (300 MHz, CDCL3) & 4.08 (s, 2H,

COCHCI), 3.47-3.11 (m, 4H, NCH,CHR'R?), 1.65 (m,

2H, NCH,CHRR»), 1.27 (m,16H, RCH3R), 0.89 (q, 12H,

CH;). 3C NMR (75.5 MHz, CDCls) § 167.1, 51.7, 48.7,

41.6, 38.5, 36.8, 30.6, 30.4, 28.8, 28.7, 23.8, 23.1, 14.1,

10.9, 10.6. Anal. Calcd for C;sH3cCliN;O,: C, 68.00; H,

11.41; N, 4.41. Found: C, 67.91; H, 11.36; N, 4.61.

2. 3. 2 glycine & CDEHAA LD RIGIZ&% D2EHAG

DERK

2 step H D&% Fig. 4 12777, sodium hydroxide 0.2
mol (8.0 g) &7 A7 7 A H1C methanol |ZIAfRESH 7244,
glycine 0.2 mol(15.0 g) Z M IEMRSHTo, ZOVEIRE K
wFCTHEABLRAS2, 3. 1 THBRE L 2-chloro-
N,N-di(2-ethylhexyl)acetamide (CDEHAA ) 12.7 g (0.04
mol) Zup> <Y & T LTz, fiff F#& T, 60°C(333 K) T
15 R L 7o, HHRAAS L U788, RO Hh oD P i
B, TR —F—EFHWTHIEREL, ZBEYE
dichloromethane (Z{&fiESH72,

ZOWEEET, 1 mol L' HaSO4 THHLEEEIC LT
%, Milli-Q 7K C#L[al#i4 L, dichloromethane #H% 77 HXL
72, dichloromethane #8Z Sodium sulfate, anhydrous %Il
AWKL, HiELT#%, WIEETRTERREL, SEREER

\/\j\/nJi/\/ +CI\)?\CI

di(2-ethylhexyl)
amine

2-chloroacetyl
chloride

o
Et,N / CH,Cl, C'\)’\N "
> HCI
Room Temp., /\/))
3 hours

2-chloro-N,N-di(2-ethylhexyl)
acetamide

(CDEHAA)

Fig. 3. Synthetic scheme of 2-chloro-N,N-di(2-ethylhexyl)acetamide (CDEHAA)
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OH

N-[N,N-di(2-ethylhexyl)amino-
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Fig.4. Synthetic scheme of [Di(2-ethylhexyl)aminocarbonylmethyl]|glycine (D2EHAG)

N-[N,N-di(2-ethylhexyl)amino- carbonylmethyl] glycine
(D2EHAG) (LL'F D2EHAG) #457- (I & 12.5 g, yield
87%) . “ER4IE 'THNMR, C NMR #JL 0 CHN Jt#4y
FricXVRIEEIT T,
N-|[N,N-di(2-ethylhexyl)aminocarbonylmethyl]glycine

(D2EHAG; M.W. 356.55): 'H NMR (300 MHz, CDCls)

§ 8.83 (br, 1H, COOH), 4.04 (s, 2H, NHCH,COOH),

3.74-2.80 (m, 6H, NCH>-CHR'R? and NC(=O)CH:NH),

1.60 (m, 2H, NCH,CHR'R?), 1.25 (m, 16H, RCH:R),

0.88 (m, 12H, CH;). *C NMR (75.5 MHz, CDCl;) §

170.4, 165.9, 50.1, 48.2, 47.6, 37.7, 36.6, 30.5, 28.8, 23.8,

234, 14.1, 11.0, 10.9. Anal. Calcd for Cy0H40N03-0.2

H,O C, 66.70; H, 11.31; N, 7.78. Found: C, 66.71; H,

11.30; N, 7.49.

2. 4 RESIUERIEMSE

LUFIZ, ARV THW R LOVE R Ea
R,

2. 4.1 RBRHEE
-l 7 Chib HHRAHE)

A S LT, ATETC AR L 78Rl A D2EHAG,
FBLR A D2EHAS % iz, Hlge LT, ARz
DODGAA, 71 /LR 1 5% 0 T2 A Versatic 10
(2-methyl-2-ethylheptanoic acid; 100%; Tokyo Chemical
Industry Co., Ltd. (Tokyo, Japan)), UL &2 T3 b
7] D2EHPA (di-(2-ethylhexyl) phosphoric acid; >95%;
Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan)), 35X
WA X A% o L ¥EMMMEA LIX 63
( 5,8-diethyl-7-hydroxydodecan-6-one >70%;
Cognis Corp. (Arizona, USA)) % FV 7z, 72383, Versatic
10, D2EHPA, KON LIX 63 13 ¥l & LT IR
WZIRKFHWBILTHWDE D THD,

Eilifauteedy

oxime;

AL THWDHIHA RS L C, M7t
ATHIESHAWDID kerosene (ZRMEAIMEE DL TS
n-dodecane (>99%; Kishida Chemical Co., Ltd. (Osaka,
Japan) ) # F\\7=, n-dodecane |ZIFfiELIZ<VY DODGAA
DIRAFIZIX, 1-octanol (>98%; Kishida Chemical Co.,
Ltd.) 2B B AL LTI,

B

@EHEEL T, TS HOBLRD, Ni, Co,
L Mn O HilEE % Wz, Co JiEL T cobalt(Il)
sulfate heptahydrate ( CoSO47H,O; >99.0%; Kishida
Chemical Co., Ltd.), Ni Jf &L T nickel(Il) sulfate
hexahydrate (NiSO4*6H,0; >99.0%; Kishida Chemical
Co., Ltd.), L Mn JHEL T, manganese(Il)sulfate
pentahydrate (MnSO4*5H,0; >99.0%; Kishida Chemical
Co., Ltd.) # H 7=,

2. 4.2 IEHHEER

AHEFR AR A 2 T E IR L C n-dodecane |ZH5fiR
SHTHU 2, n-dodecane ~DIEMFEM:DHEL Y DODGAA
DI, AL TUEAI 1-octanol ZiRANL 7= (95
vol% n-dodecane+5 vol% 1-octanol)

JKAHIZA 428 (Co, Ni, Mn) DRt A 0.1 M fitl&ds &
0.1 M itliE7 =0 MRS T L2 LI X0l
LT, D 2 DOBBIEKEIRGTHZEIZEY, pH
FBEAAT o T, WM O KABIZEAL TIE, ED
28%DT =T RERINTHIEIZLY, P, i
fTERBRE I Z SRR 2%, 25°CT 1 43
Vortex mixer (Z&o TIMLEEIR L=, £ D%, [HIRFE
(25°C) 12T 1 K (60 rpm), HRESLTZ, Dk, IR
PCEFHEL, SERITAHDBEL 72, KAEZERIRLT,
BREL72KF D pH ZRE LT, T D, KT D4 JEA
AR R ICP R HriiE (ICP-AES) TRIEL 72, il
HIFRE DR 21TO 728, IERIHIZI81T D pHARTNE, 6



ORI AR B A M A AR R LT,

FEBR AKX — L% Fig. 5 (ORL, Bfl7e F26r55F% Table
117,
2. 4.3 HHHER

fhHH#] D2EHAG (28T, 4[RO 5 BEEIL & — 47 > h
ERAF L THD NiZBELO Co? NHarichtiahns S
Tl O IE N EEIT o7, T D%, SRS
NI-AHSME (3 mL) Z 1 M fifilk (3 mL) & Hee (& 3B is
[ZAR, 30 LIRS Lz, ZDt%, i Uy B
W7otk KFEEEREL T2, KT OEJEAA R E% ICP
ST EERE (ICP-AES) THIE LT-, SHl72 B Se4
Table 2 (27”7,

2. 4.4 O—T42T A8

D2EHAG (X0 HhiHEns A4 @14 (Co*, Ni*,
Mn?") OSEARAEE ZHEE T D701, 3FEOH ThRb A
ST VN E W -a—F o TR A T T,

AR ORHA] D2EHAG 2828, KAHF O Niztd
BAAL L, A IC sk L T 3 2K &4
(pHe,=8.3) IZ CIEMIH FEBR AT o 7=, IEHh R DKIHA
FRELL, KT D& BAA L IEEL ICP F T iE
(ICP-AES) THIZEL 7z, #EFED, 1 DO NZAA TR
T, WO A FAZ LS T2 e HEE
HZET, fitHEgE RO EZIT o7,

¢ @
Organic | “ * J touch @ @ gﬁnlt(I'e N
i shaking nalysis
_phase | (7§ mixing | o S | @ pcviroction AN2NSE
| 7 @) ‘ of Metal ~ 1CP-AES
(S . ® ' - ions
Aqueous - Voltex, 298K - ®
phase OOO 30 sec 8 @Q 60 rpm
® w over 12 h @
Fig. 5. Experimental method for liquid-liquid extraction
Table 1. Experimental conditions for solvent extraction (D2ZEHAG or D2EHAS)
Organic sol. Extractant: D2ZEHAG 10~70mM, or D2EHAS 10mM
(5mL) Organic solvent: n-dodecane
Metal ions: Co%*, Ni2*, Mn3*
Aqueous sol. )
(5mlL) Metal sources: CoSO4+7H20, NiSO46H20, MnSO4+5H20 Conc.0.1mM
m
Buffer: 0.1M H2SO4, 0.1M (NH4)2S04, (28% NHsaq.)
Mixing time: 1 minute with vortex mixer and leave 1 hour in water bath at 25°C

Table 2. Experimental conditions for back extraction (D2EHAG)

Organic sol. n-dodecane including D2EHAG-Ni?* or D2EHAG-Co?* complex preparing
(3 mL) 10 mM extractant and each metal ion
Aqueous sol.
1M H2S0O4
(3 mL)
Mixing time: 30 minutes at 25°C




2. 4.5 HWMHEE S D, SHHE S, LU
REpDOHEH
T OREATIZ WD IR E, S3fidkt D, wihH S,
Oy BERER B B L O pH (281 B0 BEAR SR Bon (2P
LTI, LLFD Egs. 2-1~2-5 [0 EHL-,

E _ CM,org,eq _M.agq,init - M,aq.eq

M,aq init M aq init

Eq. 2-1

D _ CM,org,eq _M,aq,init B M,aq.eq

M,aq.eq M.,aq.eq

Eq. 2-2

S _ CM,aq,strip

M, org init

Eq. 2-3

ex M1

K

ex , M2

B=

Eq. 2-4

(a)

D2EHAG
10mM

a B Co/Mn
X B nirco

-
- O
o o
o O
o o

Separation factor

D2EHAG
10mM

M Ni2*
¢ Co?
® Mn 2*

0.8

0.6

04 |

Extraction ratio E

0.2 |

4.0 6.0
pH

3.0

10 2.0 5.0 7.0

D
BPH — Ml
M2 Eq.2-5
3. IRHER
3. 1 D2EHAG £ & U D2EHAS % FL = Ni, Co, Mn @
i

Fig. 6 |28 %] D2EHAG 31 0 D2EHAS % vy
7z, Co?, Ni*", Mn?* O IERfH EBRFE R A", S6I121T
- -7 pH (2381 D53 BERR I Bon 2 HHI L 72, Fig. 6(a) |
T EOT, H A D2EHAG 1%, Mn* &L T
N2 B LD Co* IR L THEVWVIHHEER 952803305
7zo E72, NiZ'-Co* M D73 BfEb RAF CHDHIEDIRIESHL
770 HHHEERMIT Ni2t > Co? >> Mn> DJIHTH - 7=,

RIS, FfhEAICHD D2EHAS % HW B
HIZEE) T D2EHAG O &8s iR IELL Ty vz (Fig.6
(b)), L7L, D2EHAS Z W24, NiZ3 CofixfL
T, DINIER pH IZB W TSNS 23, 1ZIF RIS

(b)

Q100000
= D2EHAS over 100000
S 10000 || 4omm [ at pH 3.9 ]
8 m
'Lv 1000 1 O B Co/Mn [l
& 100 || B nirco -
g 10 | "
§' 1 ¢ xX X Xy XX X
0.1 . ,
1
D2EHAS
10mM
i 0.8 | mNi2*
B & Co%
"§ 0.6 ® Mn 2*
c
0
° 04
£
a
0.2
0 - :
1.0 2.0 3.0 4.0 5.0 6.0 7.0
pH

Fig.6. Extraction behavior of Ni?*, Co?*, Mn?*with new extractants

(a) D2EHAG, (b) D2EHAS



WIS, NiT-Co Bl D4 BEICEIL Tl

D2EHAS LY D2EHAG O i3 H R THHZ ENVRENTZ,
D2EHAS DO HERMEIL Ni2t 2 Co?* > Mn** Th-o7z,
D2EHAG & D2EHAS # W =854, & Blitsern H %
L pH D72 (ApH 1) 1 ApHip, comn= 2.0 LL L&
729, Co**-Mn*" DAL=/ BEDS FTRE CTHDH L3537 >
72, 72, D2EHAG %\ 723554, Nite Co?*[H D ApHin

WZBIL T, ApHip, nico = #9 0.6 &720), AfhHFIZ v
BHZET, Co?' b NP ELBETAZEL A RETHDHI LN
BGEIR ST,

% pH IZ81F5 Ni2'-Co?* [#], LT Co**-Mn?" [H] D43
BEAREL Bon, ni-co 3L TN Bynt, conn ZHHIL 72, D2EHAG 5
LN D2EHAS ZHWZE5E OB ITIZIHNT, pHey= 4~5
DOFPRIZIBNT, FE\ Co-Mn [HO BRI Bon, conn 23
FHiiz, 7z, D2EHAG (238 Tid pHey = 2.5~3.5 D1

BAZEBWT, NiZ*-Co? T D3 BRI Bon, nicco 1, 100=

Bori, Ni-co= 10 DIERFOALTZ, —J7, Rk B HSILT
WU R ROV R R O TEERMAEZ AT, 2
DEH72 NiZF-Co* D\ B L, 55720357209,
LML, VR HAICHD Versatic 10 1% LIX 63
(5,8-diethyl-7- hydroxydodecan-6-one oxime) &IRA LT
HAWDZ212 8y, fHAOwHFERZIRIZEY, Co?'E Mn?*
BRI BT AZEN A RE THLZEN ST
6 (9,10)O

BAFE L= A [E O A O @ OB R PEIL, D2EHAG 35
FL Y D2EHAS 3 35RO 7 IUHEIEN K EEEL

TWDZEAVRIES I, CoBIRIEIZIEF RO T I A% E
DENLNREL T L TCWDEHEEREIND, AL &8

(a)

4.0
D2EHAG
10mM
m NI
¢ Co*
2.0 ® Mn2*
Q
o
K]
0.0
-2.0 - ‘ *
2.0 3.0 4.0 5.0 6.0 7.0
pH

AF 2 EOBFED B 22D —>THhD HSAB HII0-1378,
fE 5L, DODGAA D6, Co*' IVEWEETHD
Mn?" D5 A3 53 F D HNTAFAE T DRV LD BT
HHPROT—TIVEEFZD O T LIV E R RZ T
%9 %, L>L D2EHAG TiE O JR1-E i LT, J0FD
POENLATHD, PROTIEEN R —FRA2h
T5) BENLICEEDHZE T, I N JRICBftEZ R+
Co> IR L TEv B IRMEZ R U T S S 7,

PLEOREREY, AR CRZE L7 D2EHAG 131k D
TR A Z B T WA TIEEL LR, Nitt
& Co?'D Mn? OO fhHRER LUV BEREZ A3 22808
53357z, Versatic 10 & LIX 63 ZW R CTHWZEEL, B
72 Co*" & Mn* D4y BEREDMERR S LTV A%, D2EHAG IZ
BWTIL, 1| HEOAOHEMILEMT Ni*e Co?' D,
Mn2 5 DN T4y BE S FTRE T o 72, KA T
Ni**-Co?*-Mn*" O 8 H. 57 Bt 88 (2 # v 72 87 #L Al H 741
D2EHAG % HIVC, flitiBRE D figtT, J6 L OMhHSHAD
R ZAT o7,
3. 2 B DR

D2EHAG & M2 BROD 4 & A 7 DRl B O figtr
ZATOTD, HFAT—7 T (pH ARFFMETS KO H Al
BERGNE), BLOe—F o 7 BRET20,
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Table 3. Extraction equilibrium constant Kex for metal ions

Extraction equilibrium constant Kex (mol dm)

Niz* Co?*

Mn?2*

3.24x10*

1.70x 10°

3.70x 1010

Table 4. Separation factors 3

Separation factor 3 (-)

NiZ*/Mn2* Co?*/Mn2*

Ni2*/Co?*

8.8x10° 4.6x10*
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Summary

Deep-sea minerals such as manganese nodules and crusts, which contain valuable metals such as Co, Ni, Cu
and Zn besides Mn and Fe, have been expected to be an alternative metal source from 1960’s. In recent years, a
stable supply of rare metals indispensable for cutting-edge industries has been concerned all over the world.
Then, the value of marine resources including manganese nodules increases since valuable metals such as rare
earth metals were recently identified in marine minerals. However, there are some issues to be considered for
their commercial use, that is, the economic evaluation for the metals of which prices wildly fluctuate and the
establishment of the mining technology. Several studies on metal leaching from mining nodules were reported,
however there are almost no examples on the metal separation from the leaching solutions. In this study, we
focused on manganese nodules as a resource of critical metals and investigated the recovery of rare metals from
the manganese nodule.

We have synthesized novel amic acid type extractant, N-[NV,N-di(2-ethylhexyl)aminocarbonylmethyl]glycine
(D2EHAG). The extraction behavior of Co?", Ni** and Mn?>" was examined. It was found that D2EHAG
extracted Ni?* and Co?" preferentially with high selectivity over Mn?" from a  H2SO4/(NH4),SO4 solution, while a
typical organophosphorus extractant PC-88A was selective for Mn?*. A significantly higher extraction ability was
obtained compared with that of the synergistic system. Furthermore, quantitative stripping of Co?" and Ni** from
the extracting phase was achieved using 1 M H,SO4.  The targets Ni?* and Co?" were separated satisfactorily and
recovered from the feed solution containing Mn?" through the extraction and stripping steps. Therefore, the novel
D2EHAG extractant is useful for the recovery of rare metals such as Co?* and Ni** from a leach solution of sea

natural resources containing significant amounts of Mn?",



