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Study on the recovery of ultrafine platinum powder
from the tail solution of the preparation of platinum compounds
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Abstract: To separate platinum from other impurity elements, ammonium chloride was used to selectively
precipitate platinum in the state of ammonium chloroplatinate from the tail solution containing different
platinum compounds. And then ammonium chloroplatinate was reduced via a liquid phase chemical
reduction method to produce ultrafine platinum powder. The effects of chemical species of the
intermediate, the concentration of (NH4),PtCls solution, the type and amount of dispersants on the particle
size, specific surface area and morphology of platinum powder were investigated. The results show that
the morphology and particle size of the obtained platinum powder are not affected by the type of the tail
solutions, and the average particle size of the powder prepared under the optimized conditions is about 150
nm and the purity is 99.99%. Therefore, the method developed in this study can be used for directly
preparing ultrafine platinum powder from the tail liquid from the production process of various platinum
compounds.
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Tab.1 Composition of the tail solutions from the production
process of platinum compound

Py FiAt 7o 2 & & /(mg/L)

@L) Na Al Si Fe Ni Cu

SRS

Eﬁ&fﬂ 0.754 5.46 0.011 0.010 0.027 0.012 0.013
eI
V‘L&% 1.107 5.38 0.007 0.016 0.009 0.013 /
e
R
77 0.827 5.51 0.009 0.013 0.011 0.008 0.004
TR

S0 A8 FH 1) 3 BT S DU K (30%) . &AL
B, BOKEWIEIEEH(PVP). R IGEL(PVA). A
TRAN. UREEREN. ZK(28%) hIRSE, I NE T
M ik o

TSI WA S212-00W AUBREE: . Bl
PE IR R AE ARG, 200 L AR M [ b 552
1.2 HafAd] &

B EHRBIMA RS, IABRLAGERR),
PRUEV R pH<1, INAIRYE, W46 2R A 5
A EHTH, MR 10%H7K . I E AL
(WEUK), i EN, SR
1.2.1 HE{AK Pt(NH;3)2(NO2), I %%

) B S R R I A RN, AR AL
PRESMA, RNFEE, IMAVEREREE, i

T pHA~8, WA EN, TIEVTIE, ) /KRA% 5 LA
DU R 2L, SR, IMANZEK, HAGI
VEAER, HUKK R EHEEAS Pt(NH3)2(NO2): £FH,
H A
H,PtCls+6NaNO,=
NasPt(NO,)s+4NaCH2NO,1+2HCL (1)
NayPt(NO2)4+2NH3=Pt(NH;3)2(NO2), | +2NaNO; (2)
1.2.2 w1 B & (NH,),PtCls ()11 %%

R SRR A E L, PAERKE

R ETIE
HaPtCle+2NH4Cl=(NH4),PtCls | +2HCl  (3)

IR HTTIE, H 17% TR 2 I8
5o FMUBHE 7R %, 1521/ (NH,):PtClg
AT FAEIE, WOET K, TG gl &4 .
1.2.3 F{A{A HoPtCls 1 4%

il £ 4 IR (N H.)2PtCle AN E/K R, I
fRSERE, RAEBOMBIYE, FHIMA HCLEAHS I
KEES, 15 HoPtCls £7H, H M A:

(NH,),PtClg+6HCI+4HNO3=
H,PtClg+4NO1+N,1+3CL1+8H,0 4)
1.3 YA B &

R S A A C 1) Fs 5T B 20 O 20%~25% ) 3
JRFIE WA« ¥ Pt(NH3)2(NO2)2+ (NHy)PtCls.
HoPtCle 7 AR 2 I ML, Ik $EE, 280
N3 BRI RE AR . LL 0.3 L/min BTHIGE IR 774
W MZE R PZES, AR R ETE. fFREe
i, iSRRI T EE R RN e, T )E
BN PIUTTEYD, o UTvE F 4K Pk 3 I, B2 T4,
15 B FBUNEIG -

1.4 %R

BN R IRAR RN PR ) A (R G 3R FH R
B AR R SHEREI(ICP-AES, PE 5300DV %Y)
DTE o FE I ARG F L X S 20k RATHHU(XRD,
EyiEE 7000S/L B 5 TR 30 FH 37 RS T
BIBI(SEM, Zeiss Gemini SEM460 ) EAE . £ fh
bl 2% T AR b SR T AR A3 B A (b R T e
JW-BK400 23 .
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2.1 AN IR ER LB IR R

jZﬁEEX Pt(NH3)2(NOz)2\ (NH4)2PtC16\ H,PtClg EF‘
[EIRE AL T B SO il AN B T S o3 9 FVAS S [FIEEN
X BARRE FEE N 73 BRI SR o 3 Fr e (A VLK) Pt
WRPEFEHILE 3.0 /L, #RBIN 350 mL, 23550 5 g
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Tab.2 The relationship between intermediates and the specific

surface area (BET) of platinum powder /(m?/g)
SRIEIEE 1* 2# 3* 4*
Pt(NH3)2(NO2)2  4.857 6.369 4215 6.387
(NHa4)2PtCle 21.055 25.396 25.964 24.987
H2PtCls 19.325 20.611 15.987 16.358

R LR AR, R R E 4, BRI
ISR K B A . i 2 BdE v, wh ek
X Ry B 2R TH AR 19 52 M A (NHa)2PtCle>H2PtCle>
Pt(NH3)2(NO2)2, UE B (NH4)2PtCle 1 9 H (A4 R %
U, PRI SR 5058 35K FH (NH4)2PtCle A 9 R TR
2.2 Pt RN & B AR IR

HUAFA 350 mL. PtikEE 73759 0.5+ 1.54 3.04
4.5 6.0 g/L HI(NHa):PtCle ¥ 1E R S5k, 5 H [H]
AT TR 55 A 30 S R P 0 ) 6 R BRSP4
BRI, [, A JE R AT T BRI
AT, S5 RAITFR 3.

R 3 WEIRIREEXT SRR X HLR AR A2
Tab.3 Effect of the concentration on partical size and specific

surface area of platinum powder

ppd(g/lL)  Dio/um Dso/pm Doo/um  BET/(m%g)
0.5 0.077 0.101 2.334 27.753
1.5 0.099 0.132 2.901 27.329
3.0 0.118 0.147 3.291 26.401
4.5 0.090 0.129 2.890 23.428
6.0 0.104 0.146 2.945 21.534

R 4 EGIFR R A BN 2@ 48 Sk B R

FHER 3 AT, X AN A FE ) (NHa)2PtCle 15 W
Tl 2% RV EAR SF-50 00 (D so) Y £E 100~150 nm 22 [H],
B AR i 1 BL 3R T AR 340 68 A0 Bk B K b A
(3.5~7.0 m¥g, GB/T 1776-2009). [ifiZ& (NH4),PtCle
VAR P (R 38 0, 3 S B0k 1 e R AR 2 B 2 AR
0.5 g/L (NH4):PtCle 3308 J5 H i H1H LU R THI R 55
K(27.753 m¥/g), 6.0 g/L (NH4),PtCle A 5 H Y
BN LR A /N (21.534 m¥/g); HATRERJEIR M,
TR B R, 3 R R Bl e
0 5 H BRI R 2 T i dm A%, T )G R AE BRI AR,
T 5 A RN 2 A R LR BB S0RE P 43 501 B 388K
WL R FETIX— 5L, 106 % (NH4)2PtCle V7R Pt
WEEN 0.5 g/L Nt 1E
2.3 SHOTIMSEAN B & 405 BRI

H T2 R A& RERE, 7T AARCR
(R (AL PH, PR B0k BORL T 5, [ B 3d ] DAY
WORLTE S 2 — 2 1 5] SAERD V), Ktk SR 7
TR R HGRIR S ST A AN AR
oM. BUH PIREN 0.5 g/L, AFIN 350 mL fY
(NHa)PtCle W, 53 AR K ) PVA AT PVP
BT, FBRAHGNFEMA RN, 255871
T 4, FFEBEAERIESE 1 R,

HHER 4 LEERTAREE v A1, N\ PVP Bl 28 /)
B TELLRTAN . RS I G o S0 R+
PVA, XM S g PVP I}, Firifil & R4k bR AR
Heimr, 1A% 42.708 m¥/g, [FIRS R NIEFEAIR, VAW
SIHREE R, B 228N 5 mL PVA BFFEI8;
TSR, BRI R HARA], AR EUER: 60R
IS mL PVP B R ES, RO R S350,
THRRERE, TR . HEFiX—LK%, &
5E PVP AERTHEGR, TINEN 5 g N F.

Tab.4 Effect of the types and amounnt of dispersants on the preparation of ultrafine platinum powder

el 5 IINE BET/(m%g) JravE kTl
1# 2.5mL 4.002 SN IREA G, IR 2R
PUA 2 5mL 8.692 HIZEmedE, Py
3t 10 mL 6.372 BRI R, OB E 4
4 15 mL 7.087 BIR™E, Wik%
5t 25g 22.923 PRI, W%
P 6" 5g 42.708 R, 4y EORE R =
7* 10g 28.877 RIS, TR HR
8" 15¢ 27.253 RIS, TR R
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B 1 AN PVA 293k PVP (6% & K408 ) SEM EIR
Fig.1 SEM images of platinum powder prepared by adding PVA (2*) or PVP (6 )

2.4 RBFRIENT ] & 8 4k 5 e

I8 I i S S5 R A AT N A R RO &R 0.5
g/L, 350 mL [J(NH4),PtCls 71~ 5 g PVP 43 #1I
o FEMLILAN b, BRIT T RPN & AT LA
URCHA, A 3 R LR AR . TN R
1. CEEREFR BT & RIBCATH RN R, KT T R
TR SN 2205 SRR B v [ ARE JE HR A 6 P P
Wi, S5RWER 5 Py, WL S ZRWEH, MK
BRI £ R WL R A B A0k T 3 KL AR (Dso) TE 125
nm, FH A R A5 RO IR AR B AR IR AR
1E 189 nm, FH SB35 R iOd S5 43 2 (1 40
K P HPRARTE 146 nm, KiAR AT KBUHE, WA
[F) £ 240 B ) £ RN ) 2% B A BT R RE AR AN 2
72 AR ROR BRI RE A o

R 5 RIS MR HIR M

Tab.5 Effect of the tail solutions on the particle size of platinum

powder /um
JEN L E e Do Dso Doo
TEER A 0.059 0.125 2.908
R4 0.087 0.189 3.173
LI R LA 0.037 0.146 3.566

(a). WML %A(Platinum nitrate); (b). A R 4A(Platinum diacetate); (c). Z B4 5E 411 (Ethanolamine hydroxyplatinum)

K2 o IR B . T IREA . LRtk
B 2% R OE JE AT B R RSt &l 2 W I =
TR RIS B 22 5%, 2N RERREERIR, R0k
85, SESPRERFRLE 150 nm 247, AhHiE R4F,
To UKL HER o

B 2 ARHELEYRBE &K SEM ER

Fig.2 SEM images of platinum powder prepared from different tail solutions

X0 JF A 2 IAE S 34T XRD RAE, 450K 3
P JRFESL Y XRD El5 Pt BFR#E-R i (PDF#04-
0802) 584 — L, IF B I JE 45 21 ) 8 40 B8 2 FE
1o B30 A ICP-AES & @A e R iR &
&, SRR 3 EDH &R 515 25 4l

JEXTIE R 99.99% HFr ) 2% i 5 B i 2K . IE W ik
A LUKIE R & B, SRS A . IR A
SRR RMSCRTH S T AR EOR, Wik 6 i, K 6
25 ARW] 3 B0 B R Ry ELCR I 7E 97.8% LA L,
[ R B
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Tab.6 The recovery of platinum powder reduced from different

tail solutions

R THIRg FHIRe  BEE%
TR BH R R 7.54 7.41 98.27
W R B 11.07 10.83 97.83
CBEREFR RN R 8.27 8.16 98.67

AW TR HBRI . A4 SAETTED & TR
WP RIZR B, RSS2 RRA — AL Ak 2
132 SRR EL F AL, R BRI 1 0 A iU i
JR TR, LIRS REW, R EA
HORRI2ERE . TSR RS, WG R T 2 Mt
SRR

3

1) TEAAFIISEE0 564 T, = Ffr A (A1 440 34 Ji 1
¥ bk 3R T A 12 TR (NH4)PtCle> HoPtCle>
Pt(NH3)2(NO2)2, FUERTRER, HI8 T30 A o di
FRLT, (NHa)2PtCle 1A H H) 4L [ 45 B R ERD 2500
BT

2) (NHa)PtCls VI PLIREE N 0.5 /L Nt fl
%A, B RSB FERAZ A 101 nm, LR
I R(27.753 m2/g).

3) =FERIAA YL R A B A RLAR 23 AT K
B, BT EZES, oitERLE, RPHL
HVFEA IS JF AR FIRAE . TEHSE. A7
FEL AR, TN ZHEALEH % RHR
B Ry, HAA R EE Y, fem T ML
G R IBAEIA R RLRE -
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