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Synthesis and extraction performance of di-decylphosphinic acid
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Abstract: Di-decylphosphinic acid (DDPA) was synthesized by free radical addition method using mixed decylene as
starting materials. The influence of initiator species, reaction temperature and time on the yield of DDPA was investigated.
After post treatments, such as alkaline cleaning and centrifugation, the high-purte di-decylphosphinic acid was obtained.
The product was characterized by nuclear magnetic resonance (NMR) and mass spectrum. The extraction properties of
the as-synthesized product for cobalt, nickel, copper, magnesium, zinc and manganese in the medium of H,SO, were
studied, especially focused on the extractive separation for nickel and cobalt. With 10%DDPA in cyclohexane as

extractant, the separation coefficient for Ni-Co could reach 1.20x10° through two-step extraction and two-step scrubbing.
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Fig.1  Yields of di-decylphosphinic acid synthesized at

various temperatures for 15 h with different initiators

2.1.5 J N A 5 0

i DTBP 15147, 15135 C K, H%L V]
X DDPA j= 2 [( 560, Jegh Bus 2 fros. i 2 n)
F i, MVITEY 20 h B, DDPA 7= R g i, 153
97.1%.
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E I NMR R MS BEATRAE, R4 R 40
F: 'H-NMR (300 MHz, CDCl5-d;): ¢ 0.89 (m, 15H,
5-CH3), 0 1.26 (s, 20H, 10CH,), 6 1.61 (m, 7H, 3CH,
2CH,P), § 11.79(s, 1H, OH). 'H-NMR %4 W] /=4 h
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Fig.2 Influence of
di-decylphosphinic acid synthesized at 135 ‘C with DTBP

reaction time on yield of
initiator

T 25%I01) (2, T ISR IR, 25% (3
LT L) R LA K. 50%[) 2, 7— — R E L (3— 4L+
F KR . *'P-NMR (300 MHz, CDCls-d,): J 60.86 (s,
1P), 1085 SCHRFIE (1 HAh e JE YR BRI (V) W AL 27 7
B4 o ESI-MS m/z: 346([M-H]"), HBRBHIN 21
Tk 346.53 . AZRLFN SRS HOHE 3 W 4 ok BRI 1)
DDPA.

2.3 FEYIRYEEELIEAE
2.3.1 Pl KA pH (EXS 5% 25 T AR A 50

REELSZG 25 H HUATA 10%DDPA+90%5R Lkt
JKAHZ 50 0.02 mol/L CoSO4 ¥k CuSOy4 % «
NiSO, %~ MnSO, ¥ ZnSO, ¥~ MgSO, &,
IKHE A ERREL A 101, 2EEUR B — S AETUE
JE 20 °C, JRAITEN 3 min, 3 molV/L H,SO4 5 5
mol/L NaOH 75 ¥ 7KAH pH {. ¥l 3 i/~ i DDPA
REHRE LGy () RS 5P pH KR

HIP 3 i LAE Y, ARG Zn®'s Cu?'s Mn®',
Co™. Mg™'\ Ni*" 6 Bl FHyn A0, HAKHRE )b
ST pH AR AR AL # 5 Cyanex272 FFEAA] [F)13 14,
2.3.2 DDPA X8 AES A I 13 R B 44 AAL
A4 10%DDPA+90%IA Cut, /KHIK 1.18 g/ L Co** 55
43.80 /L Ni¥ HIIRA W, ACH 5 A AR L
1:1, ZEWHHCH =9, V47 pH=5.50, Bil&Eh AN,
TREIIRIA 5 min, ZHGEEHA 20 C. AHUAHH 30 g/L
1) CoSO, JRPE 5, RUEAA 5 IMAH AR A 1:1,
[k pH 15214 3.75. DDPA WA FI4E A2 55 %
P 1.
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Table 1 Experimental data of extractive separation for nickel and cobalt with DDPA
o Aqueous phase Organic phase
Extractant Equilibrium pH Dc, D Beoni
pCONgL™)  p(NEW(EL™")  p(Co™W(gL™) p(NEW(gL™)
10%DDPA 5.5 0.009 7 42.864 4.8837 0.170 8 503.47 0.004 0 1.20x10°
120 RO O p
. R — \"'“0/ . “"'0/ ~ -
100 - ?
= Rl‘*m. —
%6 80 Zn* R 0 O/Ph\"‘
= “ I~ - - O 1
= - PH‘O Col_ O P (11)
.2 60 R, ~p~ 2
2 R
E 40 + n—1
20 W 120 fEsEhrAERGEfErh, AHARBE AN Co™
[« N N A v Y= LI [
LRI 1 2 AR REIL BB A 1.2, 302 f T2
0k G T BEREFE (R, Ro)A7 BHIGE ) o Bk BE) S
! o BRI 5, I B i, SOR A 4
. e e JRES T HELUE L G4, DRGSR 2
3 10%DDPA ML G B N AEINE 5 P45 pH (K . ‘ .
vz #AIC. DDPA 737 H) 2 MG REA R AT S8k, H2

Fig.3 Relationship between equilibrium pH and extraction

rate of some metals with 10%( volume fraction) DDPA

MIE 3 1[FEH, ] DDPA #HL Co™ 1 Ni*' i, ‘&
I pHo(FEHUE N 50%[0° P /K A pH {E)2 2549 0
1.82, 145 Cyanex 272 [f] pH,, Z 2490 21", 5 P507
() pHyp 2 25200 1.5, [Atk, DDPA X5 R4 A
o B RN PSOT 1, BT Cyanex272 (1.
x1RY], Sk ZHAERTE, 10%(1) DDPA X i
53 B R ECH 1.20x10°; EAHFRI LS4 1F ~, P507
Hl Cyanex272 WHHERMI /B 2 E 50 6.58x10° FI
4.99x10° P, Rk, 2 1 fPE 3 E5e15 2] T A G e
iF. % DDPA Ml Cyanex272 M43 F-4ianl4nt,
DDPA Hr e S 1K SCREALRE R, 23 (0L BELAF X 458
AN, DRI, BRI 20 R AL Cyanex272 BE K.
2.3.3 DDPA #H{ Co™ I 2% &

S A HUATY 10%DDPA+90%IA E ke, 7K
A4 0.02 mol/L 1) CoSO4 ¥, /KAH G MiAH R ARFALL
101, Al pH= 5, RER Eh A A 5T, IR A IR 24 5 min,
LGRS 20 °C o WA AAR 5 AR AR LR 101 B
DDPA Xf i I A M I 75 &4 0.57 g/L. R
KUCHEN fI HERTEL!SYRIAL A5, e Uk IR iR e 4
GRS Co™ g & a1 DR,

MARADITULEH, KEYTH Co® 5 ARG 5

SRR L Cyanex272 HH IR 2 /4N S BE(2, 4, 4—— L
JEE) N, BRI, AR TSR ST A 1 —
J7i, H1T DDPA AR 7>+ it S 25 T Cyanex272
), WX —HERYE, DDPA 4@ 5 7 2B A2
RET Cyanex272 (M7, T34k, R IR IIR IS AL
TS 42 i 185 1 1) R UM R 25 et I 5 A R 88 LA B
FRREFNIAA DG T WL, ARG 42 )8 257 (1)
BN 5 2 AR ), AEAN R N VI B
ENELRE-RUE,E

3 Zig

1) H B B35k Hl % DDPA AEEGE il 47 11
43 %I DTBP. AIBN #1 BPO 3 A H3&AE 51 &7,
b DTBP &R seft. 81 DTBP 151 K FIRE 31
4l 55 = 1) DDPA 7= o

2) DDPA #HU5%F Co®'s Ni*'s Mn*", Zn*". Mg*"
M Cu™ S5 2 R A R AR )y, AR [P
i pH Xl S A IRE AR, TR b 5
TR pH K VAN R B AT AR A B
DDPA GRS AR (1) 73 B RE A0 T P507 11, BEAK
T Cyanex272 7.

3) 7=&h DDPA 1] i TMEE]= SR & Fade 5 B
JGEEM) NaH,PO, 28— 30 I Niifil4S, AT 2 IR A
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