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Determination of Palladium Content in Spent Catalyst for Hydrogen Peroxide Production by
Dual-Wavelength Equivalent Absorbance Spectrophotometry
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Abstract: A method for determination of palladium content in spent catalysts for hydrogen peroxide
production by dual-wavelength equivalent absorbance spectrophotometry was established. Conditions for
determination of palladium were systemic investigated and optimized. Effect of errors coming from
coexisting ions on determination of palladium by dual-wavelength equivalent absorbance spectrophoto-
metry and odd-wavelength spectrophotometry was compared, and results determined by the proposed
method were comparied with GB/T 23220-2009. Results indicated that the selectivity of dual-wavelength
equivalent absorbance spectro-photometry is better than that of odd-wavelength spectrophotometry under
chosen conditions. Palladium contents of 251.6~5563.9 g/t in hydrogen peroxide using spent catalysts
were measured, and the relative standard deviation (RSD, n=22) was 0.387%~0.795%, permission
deviation (3S) was 6~78 g/t, and relative permission deviation was 1.2%~2.3%, respectively. Recoveries
of standard addition were 99.35%~ 100.55%. Analytical results of the proposed method were in reasonable
agreement with those of GB/T 23220-2009.

Key words: analytical chemistry; dual-wavelength equivalent absorbance spectrophotometry; hydrogen
peroxide spent catalysts; palladium
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& JETRBOEIES . BB A S S TR TR
AT PR ] 2 e R FIREE, HIA R TG
[ SN e = L B Y A IR 0 a3 S NS
FE. VS TILE . MR KRR EE S
HERENEPE, WE ROk RD SRS T
M. SR KIER TR T m S, 4R
e RS2, JEFEMELE, bk, R, W
A, STHEE, ETEERRRE R,
R SR FH R A SR AT 4016 ' P00 5 1) U4
K REATR P ) & &, PR T H A7 B 1 X WU
K5 RPN e S RARZE . Pl A LS
5 EZbr#E GB/T 23220-2009 73 B 77123047 ELER

1 SEK#E

1.1 EERF). UREEE

BOGHER AT WA O EETH(TO-1901,  Jb 5
Prid AR B BR TR A D) K% T R P (Mettler
Toledo, /& 0.1 mg); 30 mL 5 VU4 245 1A R (8
Hn ).

FEFRAENAEEW(1.000 mg/mL): FREL 0.1000 g
R (B2 $0=99.99%), T 200 mL & B kedt e,
I S mL 8. 1 mL iR, &% BRmm, &8
PR PAREINAEE . N 1 mL SR, 1K
BZARZEILT; NS mL 3R, ERENMY—K.
TN 10 mL 25/, # N\ 100 mL &N+, FHKH
BRI, W’

FEFRAETE T (20.0 pg/mL): FHL 5.00 mL 48451
WAFERT 250 mL A&, H012.5 mL £50%,
FKFRBEEZIE, AR,

TR AR 4 Bk i (DbDo) T B ¥ (10
g/L); =& Wkt FABNAEQ250 g/L); R84
mol/L); ThEZ; MHEE. LikprARFI% Ao Hral,
S 5 H AR ZE K
1.2 LB HEE

FEHL 120 pg AR T 50 mL LA,
KEBAAFZ 10 mL, A0 5 mL £hER, JR2), f100.6
mL DbDo FREREW, 18%]. T 40°C/KG+ B 20

min. HUH, HRMBBEMAERMA 15 mL =& H
Ft, PRGAEL 1 min, AR NSRS ERE
A, TR E B VAN 55— 2R+, 10
mL 8.4 mol/L /%, H JI¥RFGUEE 15 s, HTIELR
KT KER, A VUAHBN 10 mL T4
B IR ZE, MELZ 30 min, EHEBTES. N
ANZ10.1 g TKBRREIM AR, BREEAEM3 K
RAT. BN 1 em WYLy, LU= AES G, F
6 78 YA T FH OO SE IS 5 45 5 R P 2
(AA=Aysq um— Asagnm)e M TAERNZE LG4 E .
1.3 bR

23 BIAZEL 04 1.00 2.00 3.00. 4.00. 5.00. 6.00
mL fEARAEIR T 50 mL L, 4% “127 i
HHAT 3 UCPATINE , FrifE R e eV 77 & L
IRERE, HAHK RZE(r)¥8 1.0000.

2 ZR5hR

2.1 DbDo B &5 FHEIERE

STRERPREER S, MiEs R ek R
BHAE 120 pg, PABUNITIRZE, MFEHERERES
DbDo R HEMM. LI RIRFZ AESH,
A5 0.60. 0.80. 1.0 mL DbDo(5 =& A fH)-4E% &
VIR B ZE (A AW &, DA 4 X 1R 22 N
-0.26~+0.06 pg (FHXT 1% 2 8-0.22%~+0.05%) . L+
DbDo A4 0.60 mL.
22 BEIEMBRESRARERE

FEL T AN [ B B TR P B R0 RO (A4)
FISZIH . T B AR FRIR FE 3.6~5.0 mol/L (FH & 4.5~6.2
mL), MAFEEYIRICIEZE(AAD)FEAW) &, AT
) 446 %6 1% 25 N -0.34~+0.06 pg (A XF 1% 25 -0.28%~
+0.05%. IEFFILFRERE 4.0~4.8 mol/L (F & 5.0~6.0
mL).
2.3 =R FREBIHEXN S SRt ERH

SR, Y =S ARG &9 10 mL i,
&AW FEE OB G EEE R VEIEHE, BN E
FPRA, MR EL A 40T R 22 N-2.26~-0.34 pg (FHXT
R ZE-1.88%~-0.28%); 4 =S F ARG HER 15
mL B, EVROEEEELEERVERA, H
FaE, MAFHL LT IR 7 -0.26~+0.06 pg (FHXT %
7£-0.02%~+0.05%) . ERE = F FHEIMAE AN 15 mL.
2.4 REEUES YRR B R AR

T RHEREREF IS, LR FRE
AHAE A=A LIS, MRSV AE



%13

B ALAE USRI R XU K R AL 7 P R Y 5 55

WA e, BRI IR N, VAMGE TS s,
RGO AERS A PR & 25~35 min J5,
WA R, A S INEM ZE i, daxtiR
72 N-0.18~+0.06 pug (FHXF IR Z-0.15%~+0.05%). %
PABUG HCE 30 min FEEHTIE .
2.5 HEEBEFXE KSRGS S Rk KEN e
FRZE SR BRI LR
il 2 DK F AT B o B AR, RS
BB BRI SRS, ATTREETRA S, BEIR
SIRITR, NIRRT N T % e . H5E
T PRI RIS A T VR e R S, 4

BHITFE 1. HE AR O RHAFER S50 H R
— BRI TR, (H B TR IR BRI
WRERRERNZE; @ THELFERTFHEET, B
PERAE M HE B L 0% 22 4-0.18~+26.97 ng (FHXT
PR ZEE0.15%~+22.48%), XL K S5 I K0 I 7548 1)
“a %f R 2 N -0.10~+0.84 pg (M X iR E N
-0.08%~+0.70%. & IZMOCFEIESITIRZEZR, 2
IS FOAR R 22 <25%HF,  BIAT A FRE S 4T
(EROR L) =GN = = S Y]
HE BT B RO, OO S ST IR AR T 42
ZENT < 5%, MORFEXP K TEREEN 5E -

1 IR TR KRS 5 RBAIETIE 120 pg LM R ELR

Tab.1 Influencing of coexisting ions on determination of 120 pg palladium with different spectrophotometries

AT o T KA MLIF(AA = Ay nm— Asag nm) B KD (A= Ays4 1)
STV TR A4 FE Pd/ng  dE5HRZ/ng AHXTIRZE/%  WE A4 WS Pdug  EXHREE/Ng  HXHREZE%
. 1000 1.499 119.82 -0.18 -0.15 1.501 119.82 -0.18 -0.15
Al 5000 1.502 120.06 +0.06 +0.05 1.504 120.22 +0.22 +0.18
. 1000 1.508 120.54 +0.54 +0.45 1512 120.84* +0.84 +0.70
Fe 5000 1.512 120.84 +0.84 +0.70 1549  123.81% +3.81 +3.18
. 1000 1.503 120.14 +0.14 +0.12 1513 120.94* +0.94 +0.78
N 5000 1.501 119.82 -0.18 -0.15 1517 121.25% +1.25 +1.04
. 1000 1.506 120.38 +0.38 +0.31 1514 121.01% +1.01 +0.84
c 5000 1.500 119.90 -0.10 -0.08 1519 121.41% +1.41 +1.18
. 1000 1.508 120.54 +0.54 +0.45 1515 121.09% +1.09 +0.90
“ 5000 1.500 119.90 -0.10 -0.08 1520 121.49% +1.49 +1.24
50 — — — — 1.505 120.30 +0.30 +0.25
100 1.501 119.82 -0.18 -0.15 1.508 120.54 +0.54 +0.45
PV 1000 1.502 120.06 +0.06 +0.05 1.569 125.41 +5.41 +4.51
5000 1.503 120.14 +0.14 +0.12 1.839 146.97 +26.97 +22.48
Rh(IID 100 1.503 120.14 +0.14 +0.12 1.514 121.01 +1.01 +0.84
500 1.511 120.78 +0.78 +0.65 1.516 121.17 +1.17 +0.98
- 100 1.504 120.22 +0.22 +0.18 1.515 121.09 +1.09 +0.91
200 1.500 119.90 -0.10 -0.08 1.516 121.17 +1.17 +0.98
Ru(lIl 100 1.509 120.62 +0.62 +0.52 1.512 120.84 +0.84 +0.70
200 1.501 119.82 -0.18 -0.15 1.513 120.94 +0.94 +0.78

*E: 0.5 mL 1 mol/L &AL (8.4 mol/L #h1R).

2.6 FEMAHT

I MFRELZ 0.3~1.0 g Uk R ImiE
fEd, 18 mL #HER. 5 mLidEMbE, Rl B
TN TG, TERAMG, BAMAEF, T 150£5Chn#k
wWE 8 h Lh b, i, AHIE=E. JFEEE A &
ANEE AN 200 mL Bepfh, # RRmm, B

TR FInRENEER, L 5 min.
HUR, FZKWReR I MANEARBE, BT H AR EAK
BARELZ 25 mL. BT, AEHE=E. HPEE
O PE T 100 mL FEH, FHEHKGEEFEA
DUES 8~10 X, FKMBERZIE. WA, AL
1.2 AT IE#RAE, SRV 2. R 2 A,
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JE 251.6+ 988.0. 3459.9 F115563.9 g/t M4, thZEHN  ZE(RSD)N 0.387%~0.795% EE IR ()N 6~74 g/t.
+£5.8~76.1 g/tv brifERZE(S) N 2~26 g/t AHXSAR#EN LR ZE(BS)N 6~78 g/t, AHXT FLVFZEA 1.2%~2.3%

R 2 REAFIRE RIS R@0=22)

Tab.2 Analytical results of spent catalysts samples (n=22)

FEE % S 3§ RSD R AIMR

i 15 pd/(gly gty  Ngt)y Hgit)y gty 1% Nght) WEY%

250.3,255.0, 251.9, 253.4, 249.7, 249.2, 249.0, 254 5,
2013-05" 252.1,250.2, 254.0, 250.0, 249.7, 250.1, 252.2, 251.6 458 2 6 0795 6 23
254.3,253.6,249.9,251.4, 251.1,252.8, 249.8
988.2, 987.0, 990.5, 994.3, 978.8, 980.1, 986.0, 985 3,
2012-17* 979.5,981.8, 998.6, 989.0, 987.2, 995.5, 998.0, 988.0 196 7 21 0709 20 2.1
979.9, 979.0, 979.2, 993.4, 995.0, 992.3, 996.4
3449.0, 3435.8, 3465.5, 3472.8, 3466.6, 3475.0, 3461.8,
3476.7, 3473.5, 3444.2, 3468.0, 3461.0, 3471.0, 3449.0, 3459.9 +444 13 40 0387 38 12
3462.1,3478.8, 3471.7, 3434.4, 3445.2, 3454.5, 3451.0, 3455.9
5592.0, 5601.1, 5557.9, 5548.3, 5526.8, 5525.0, 5543.0,
2014-10°  5599.6, 5600.8, 5576.4, 5563,3, 5578.0, 5542.2, 5534.9, 5563.9 +76.1 26 78 0467 74 14
5556.7, 5588.6, 5535.3, 5560.0, 5597.1, 5590.6, 5537.5, 5550.2

GYZY
GL-1*

3 FEF(0.3027 g)inbRAEE W
2.7 FESLINARAE R Z Tab.3 Recoveries of standard addition in 0.3027 g sample
PRHRZ) 0.3 g XA K FH IR A 7 2R i BOR WA AR A AR R
(GYZYGL-1")T B IUR L@ vEreilEi b, #4326 /mL  Pdng  Pdug  Pdlug  Pdiug 1%

FES T ERAE AT . BILE — 22T 50 100.00 g?-gg 190966101 190966101
mL Hﬁé%qj’ BEA#%%%E*E?{E{%KQ’ AR 1.2 500 20,95 . 120:89 99_§4 99_§4
BRAERATINE , S5 T3 3. M3k 3 WAL, WlE ' ' £0.00 188;8) ;ggg gggj
40~100 pg FEARAE, ISR 99.35%~100.55%. ' 10133 8038 10048
11201  59.65 99.42
. 60.00 11257 6021  100.35
2.8 FIEXTH s00 5236 11269 6033 100.55
FATTIEN 8 25 R 5 EH K bnE GB/T 23220- ' ' 1000 g;gg gg; 19090.9320
2009 73 HT TV T N R, SR YT 4, ' 9210 3974 99 35
R4 FETR
Tab.4 Comparison of different spectrophotometries
Ffdn WaRrS M43 Pd 5 &/(g/t) ERIg)  RE(YY) S/(g/t) RSD/%
20153.05" A 250.3,251.9,249.7,252.1, 252.2, 251.4 2513 25 1 0.398
B} 255.0,258.1, 250.0, 257.4, 253.6, 254.9 254.8 +8.1 3 1.18
sol2.17* Ak 988.2, 987.0, 985 3, 989.0, 987.2, 993.4 988.4 +6.4 3 0.304
B} 990.0, 989.0, 981 4, 985.0, 988.3, 980.6 985.7 9.4 4 0.456
, AR 3465.5,3472.8,3468.0, 3454.5, 3451.0, 3455.9 34613 £21.8 9 0.260
GYZYGL-1 B
bR 3449.0,3440.1,3485.0, 3462.7, 3457.9, 3528.0 3470.4 487.9 32 0.922
2014-10* AE 5592.0,5557.9,5563,3 5578.0, 5542.2, 5588.6 5570.3 449 8 19 0.341

ESpS 5582.9, 5598.0, 5527,4 5608.3, 5565.6, 5632.0 5585.7 +104.6 36 0.645
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GB/T 23220-2009 % #E M 0 ¥F 2 (L& & 200
~1000 g/t, AHXTFLFZE 6%; 1000~5000 g/t, FHXT 7L
VP22 3%V Fl, Al R A = AT K

3 4

U A S AT AR AT S 23 5 (120 pg) K, 3
PRI, S5RHER. K%, 5 GB/T 23220-2009 77
TERTIE 25 RABTE, W SRR TR ZE BR,
IR SR AT AN IEAE S 3R 1k
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