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Platinum Loss from Platinum Alloy Catalyst Gauzes in Nitric Acid Plants

NING Yuantao
(Institute of Precious Metals, Kunming 650106, China)

Abstract: The platinum losses and ammonia consumption are main technical specifications for nitric acid
production. The platinum losses from binary Pt-Rh and ternary Pt-Pd-Rh alloys, as well as from catalyst
gauzes made of these materials, have been studied under laboratory and industrial conditions in
atmospheric and medium pressure units in some nitric acid plants. The results showed that the rates of
platinum loss and gauzes weight losses obey equations AW/S=K7** and ¥=K'""". The platinum loss (gram
platinum per ton nitric acid, g/t) of Pt-12Pd-3.5Rh alloy gauzes is 0.044 g/t at atmospheric pressure and
0.121 g/t at medium pressure, the former being about 28% lower than that of Pt-4Pd-3.5Rh alloy
gauzes(0.061 g/t), while the latter is about 21% lower than for that of Pt-5Rh and Pt-10Rh binary alloy
gauzes(0.15~0.153 g/t). The ammonia consumption of Pt-12Pd-3.5Rh alloy gauzes is about 3%~7% lower
than that of Pt-5Rh and Pt-10Rh binary alloys. Introducing palladium to the Pt-Rh alloys or increasing the
palladium concentration in Pt-Pd-Rh alloys is clearly shown to decrease the gauze weight loss and the
platinum loss. This is attributed to the passive action of palladium, which enriches the surface layer of the
platinum alloys and catalyst gauzes, affecting the oxidation-reduction reaction of platinum.
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EATR AR AE = AR — MR AR R, B
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Tab.1 Platinum alloy catalyst gauzes used in experiments
ALMAS PRI PR-2 PPR-1 PPR-2"
&4 M5 Pt-5Rh Pt-10Rh Pt-4Pd-3.5Rh Pt-12Pd-3.5Rh

*: PPR-2 A MEM L(RE).

1.2 ZR-REST

K ERE D PUDTA-TG, TG REE RN
1 mg), W& T LIREMM G SRR R R E. DL
80 K/s HITHEE R THE E 900°C, {EMEIA S
50~60 mL/min), 900°CfEE 21 Rl E & 4K E.
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Fig.1 Scheme of the parallel industrial experiments used for

nitric acid production at atmospheric pressure in T plant
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Hrf PPR-2 A &AL 2245 0.07 mm, W H 1024
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AERHERERKE, W2 BRT 864 A
HI R E(AWIS)RINFARTTE] ¢ IR R, fEX 3 NME4
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Fig.2 Mass losses of the three alloys over the isothermal

heating (900°C, 60 mL/min O,)
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AW/S=K?"? (1)

KR EATE MR RERNL, HEEERKE
R EB(K)E AN, LA Pt-12Pd-3.5Rh A4 K 14
/)N, Pt-10Rh A4 K fHiKR, Wk 2 frdl. &
2 FIEHIH T SCER[8-9]14kIE ) Pt-Rh. Pt-Pd-Rh Al
Pt-Pd-Rh-Ru & 47E 890°C/0.094 MPa HS%EE
PtO, [T S 22 (Rpio, ) fE -

HT&&R IRFPIRESFIF AR, &
SRAETL B AR AU I E 1 KA K TEBSA AT
E B Reo, (B, (EARYEER 2 04, 7EIER A A
T K5 Rpo, K12/ —2, R

Kpi10rh > Kpi4pd-3.5Rh > Kpi-12pd-3.5Rh 2

(Rpt0,)pt-10rE>(Rp10,)Pr-4pd-3.5Rh™> (Rpt0,)Pt-12Pd-3.5Rh-Ru (3)

x2 HESEANERREERE LKA PO, TEEIER Ry,
Tab.2 The PtO, formation rate (Rpo,) and weight-loss rate

constant (K) for oxidation and volatilization of Pt alloys

Erdpe K/(ug/em®h)  Rpo/(ng/em?-h)
Pt-10Rh 132 0.78
Pt-4Pd-3.5Rh 11.6 0.70
Pt-12Pd-3.5Rh 4.6 —
Pt-15Pd-3.5Rh-0.5Ru — 0.67

KR 1) XEEERREFEERART PO,
TERRFE R, WA AR )R EAE S 2) 7E Pt-Rh
E&HRINEATC, BULE Pt-Pd-Rh & 4 hnsl &
BSFEK M Rpo, I8/ 3) 7E iR LIRS
Pt-Pd-Rh (404> J& A1 PAO 2875 0H4A R AL oA 4l
WEIEFEAEH, Wb & mamiEK: 4) 5
FH, fHRAE Pt-Pd B Pt-Pd-Rh ¥ INE 170
FEUDEE, U THER TTRNN AT
TR N R, BUE B TR A R R &
SIARMTER, A BT ah A 5
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EE 1R T ) IR A 2236 3 7k
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Fig.3 The relative platinum losses (¥;) at various positions of

the PPR gauze (run 273 days in the atmospheric pressure unit)
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Fig.4 The dependence of ¥; (the sum of the relative platinum

loss) of two gauzes on the running times
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25%, SANTE DMVAEF=2AF F i AR X HFE L s
i, BRI ()5 PPR-2 Ak I EAFELL
PPR-1 AL IEIFE T2 /NE 25%(#210 SEBm il i
PIEIFEZ(H 28%). (HH Kl 4 TT UL, PPR-1 LN 5
PPR-2 1k W A FE 22 8. (A W) Bl 25 38 4T I R) ZE K
My K, MIBIT 585 KB, AP {HIEF] 40%. XF
B PPR-2 fE AL M FIAAFE(R T PPR-1 LI, JEREE
BATH A KT K.
F3FIH T T M8 L) 1817 7 384 K PPR-1
1 PPR-2 fHE A X FE 51 4 11 B 43 2840 AN 3 3K

MEAFE. BN, MIER 3 5K PPR-1 A48T 7E
K iR L) W IRE AN NisiT 1 2 4, R 3 FIH
T HE IR M (KG 1) I &7 E (o) K221 .

R 3 HERBAT 384 REVEP BRI 22 A S HH#E
Tab.3 Concentration changes and total platinum-loss for gauzes

used for 384 days at atmospheric pressure

- - ) o, _w(Pt) HAFE/(gPY/
ERFL o®d)% o®n)% oY% m0"  aNow)

B 4.02 3.40 92.58 — —

TGl  4.33 378  91.89 0.9925
PR TG2  4.42 3.65 9193 0.9929  0.064
! TG3  4.18 3.62 9220 0.9959
KG1®  5.89 372 9039 0.9763 —
B 12.05 3.58 8437 — —
PPR TGl 12.10 3.40 8450 1.0015
2 TG2 1200 3.48 8452 1.0018  0.044
TG3  10.86 3.51 85.63 1.0149

i KG1 WTE KT REAENIET T 718 K.

beiedk 3 s, LS R4k

1) AHXFT PPR-1 Fr MG EH & & (wo(Pt))s
TETAE 384 KJG, 3 MBS E (0P,
FURIEE S B UGN, Rl KG1 2 PR3
90.39%, LA B MGHT X ) 4.02% 54 M2 5.89%.
F, X T2 47 H[FIBS (] ) PPR-2 &4 3 KA# AL,
AT S EIR G, M.

2) PPR-1 MIf] w(Pt)/wo(Pt)fE K iz 47 i ] ZE K
MK, WA TG1GZEAT 384 K 0.9925 F#{KE
KG1(iz4T 718 K)I) 0.9763

3) %I PPR-1 Al PPR-2 WZHMEALIN, EATH
o(Pt)/wyPEMN TG1 B TG3 KK . Hea)ifik,
FZMRAFEEMN TG 2 TG3 Z#E/N, BIS
77 1) AT I 22 2 2 ) 81 i J2 PR B A A TR D
N, X 5E 3 HAESME Y ARSI, X
e A TIUZ (TG 1R e &R Y
U, MR EMAR SRR RSEREEERES: 5
Gb, FTEMIECHERHES BEWERER. Fik, T2
(TGRSR -

4) PPR-1 LM w(Pt)/wy(Pt)<l, T PPR-2
AL R o(Pt)/wo(Pty>1, X B PPR-2 {46 4
FEAKT PPR-1 ALY o X Sl 75 M e &
PPR-2 {4k I H A 8 5 RIS 7E A

5) MRAEFR 3 Bl 2 HMLEE IR A st
384 K, PPR-1 1AL EIHIFEN 0.064 gPt/t(HNOs);
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M PPR-2 AL FIEIFEN 0.044 gPt/t(HNO;), Lk
PPR-1 AL B 28%.

IR AR 4 5L B, PPR-1 Hi PPR-2 4L M 1 2k
BTSRRI, Ba4ePi
FEEH TG & EARRTRAR, ML e B R 22
HIRRE . E R E A T, BT RIS R R
) PO, TR, HALMEIEIFEZH PO, FIZER
GIKHIEE I
2.3 FEZMAT Pt-Pd-Rh =5 &S M55

fE L) W RS F R 7 5K PPR-2 441
PRI AL TAE 2760 h, H5KMHE RN T
2675~2685 g, TN IR RN 30~32 t/(m*> k).
FANTH R RH BIZ 450, e T &R P /N AE
SHAFE(P=AW/(Wit)) N3t K B (=AW /) E. S
BT Y o R ERKMABRN R, BERT
5 3 AR, 20T MR — TR RIS
ik, WM o, ZECFI IR, RN EEMERZ
I -5 I R EAFE BT R /) «

0.4

10.3

(=%
T

;‘:’ =Y
2l 40.1
0 : ‘ ‘ : : : : 0
1 2 3 4 5 6 7
M BRS
B 5 RNFAALE PPR-2 LM BIAESTARE (P45 HFE (0)
(FEKENIBIT 2760 h)

Fig.5 The relative weight losses (¥;) and the absolute weight
losses (¢;) of PPR-2 gauze at various positions after running

2760 hours in the medium pressure unit

TE L) B R A A, SR R AR R A 7 2 A
%€ 7 PR-1. PR-2 £l PPR-2 fE A WX (U4 AEFN 2 AE
HERYITR 4. B4R E, L) PRZEL) R
Fi PR-1 I PR-2 fEAL I, 7E Lo A5 AR 7= 264 Tl
FIEAFEME AT 0.15~0.16 gPt/t(HNOs), 5 AR I f
D (AR AH T o

F 4R, WKW 3 NE4LH, PPR2
1 A FE RN FE B /N, PPR-2 ML EAFEEL PR-1
A1 PR-2 AL AR Z) 20%, HEFEILL 3%~T%. 5

K 4 PEEFFMAT AR AT EAER LR
Tab.4 Platinum-loss and ammonia consumption for the gauzes

at medium pressure

. ey HIFE/(gPY % AE/(kg(NHs)
t(HNO3)) (HNO3))
PR-1 2717 0.150 301
PR-2 1939 0.153 290
PPR-2 2760 0.121 281

Ab, HeikIeE M, 7F 0.88 MPa JE /71 920~940°C
MR ER A A =3 E T, PPR-2 LM FI4IFER
EL PR-2 AR . 454 LR R ARG g R,
XEMA, EREME~%MET, KA PPR-2 fifL
P4 Bff S AT ARSI P i, BRAREA TS FE, T RE
TS ER A 72 AR
2.4 Wig

PR R X G40t s REBE (XPS) /i T 78
T ) ®EEZEMY H TAE T 1 41 PPR-1 Al PPR-2
AL R 2R, 3R 5 5 TR
T J2 7 B4R 2 B (o(P)) N4 25 B (o (PY) T EL AR,

S5 BAPMREARRFEZQMEHES EHE
Tab.5 The mass ratio of Pd/Pt at different depths (&)

REFE  wPd)/o®t) (PPR-1)  w(Pd)/w(Pt) (PPR-2)

(©/nm 1G] TG3  KGl TGI TG3
0 0.139  0.127 0.110  0.305 0.330
5 0.0455  0.0446 0.0453  0.153 0.146
10 0.0454  0.0445 0.0453  — 0.145
15 0.0456  0.0445 0.0454  0.152 0.143
20 0.0457 — 0.0454  0.151 —
25 0.0458 — 0.0454  0.150 —
30 0.0455 — — 0.149 —

T AR A 5 RN 28 % #4376 kI/molM iz Ak 411
(B LI 565 F1 558 kI/molt™, SR 25 5 i) %
Ry HS B R 5): H—J7H, KZEHHE
1, FEERIM oPd)/oP)EIG K. £ 750°C LA EiR
X, HEALIERE PAO. PAO 7 il ANAE S AL T B —
FhEh P, AR L4 B A AR AL R T
M LR 2 28 R AL & 2R VR RAR AL T i
PO ZEIRAE B &R LK Z B MG H0, XFf
Z JZSMEE AU & R M 2] — M
YERI®Y, 1 ELid B 18 PO, #3405 B IE ]

7t 800~950° CE A &M T, & JEaiiht
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R IFWEMTERK PAO, (AR B4 8 280K
Al PAO Z&/578 %, 1 PAO 7&75 AT LLEEAL A AIEE 1)
Ak, Wi 3% kAR E ALY PO, Al RhO, FITE AR
MU ENSER D E T4, AARI BRI
HH PAO 73 R AT T ARFE PtO, H 4R
2Pd+PtO,=Pt+2PdO (6)

B34 5 AR [ UARTE & 3R TN B 8 KL
MZHT (Pt wo(PYEGEE 3), 1X M BRI AL
HiFE. MUASPRE R, XFIEE PO, B
HIAE PSR , DRI 875 Pt-12Pd-3.5Rh & 4 AL )
HIFE(RT Pt-4Pd-3.5Rh A &L, LT Pt-5Rh
¢ Pt-10Rh && MM . LREFE. FEGE
AN N EF, WX FE R S8 A A 4
A R [ O HLER A AL B 24T, AR A S AR FE
LM ALHE G SR AL I 2 R, (AR S 4
H, HURIEER) AR RUR, HARBURANE N 5
— 7T, SF7E 1300°C =i &R ZER RN LN
10° Pal'™, 1 PtO, 785K 0.5 Pal'!, 3% w41
7R E. Bk, fERANHEEHEE ST
HIFE T B L PtO, FIZR KA .

AR TARIE LS R LW, 7E Pt-Rh A& inss
(40 Pt-5Rh. Pt-10Rh & 4:AHR Pt-4Pd-3.5Rh A 4)
B({E Pt-Pd-Rh & & HY M & & (i Pt-4Pd-3.5Rh
FHM. Pt-12Pd-3.5Rh A4x), # AT B HLFEK Pt-Rh
A Pt-Pd-Rh R &ML FIHIFE . 1X— &5 3N
B HRpt T 2R, A SR NIRRT
T BA BT SR SR AR ),

3 4

1) fERBESFATLE 800~950°C YR 2K 7= 1)
R[EAMNKEEH, Pt-Rh —J G Pt-Pd-Rh = JtH 4 K
AR R 2k B RN B RE AR AR R X, EDAF S
AWIS=KT" 5 ¥=K'P” (5 2, i PO, TR A7
RAEIFEH], HEREHR K5 KRREEERZH
TRV ICXS PO, JTEHURZ A [F 52 7E Pt-Rh &
SR I E Pt-Pd-Rh £ & A48 e & 50 S BE
ik K5 K1ME, M FAREIFRE, X2 A7 ib
RIZEE LIRS RL AN PO RSB E,
M EA SR AT 5 PO, %

2) FERNER T 1 TAkAREe 21 Rl e, 76
REMIEETHERIIFE S, Pt-12Pd-3.5Rh & &1k
K EEIFE N 0.044 gPt/t(HNO;), Pt-4Pd-3.5Rh &4
AL FIHAFE A 0.064 gPYt(HNOs), i bL i & %
ik 28%. 7EH R EAVEE P IIRIT FE 1, Pt-12Pd-

3.5Rh &AM BIEIFEN 0.121 gPyt(HNO;), 1
Pt-5Rh 1 Pt-10Rh &40 M B 4AFE 9 0.15~0.153
gPtt(HNO,), Hi#E 55 &ML, BRI 21%,
FFEPFMR 3%~7%. 1XFKHH, KH Pt-12Pd-3.5Rh &
S AN AT DL R PR AE AN EFRE, M PRI R
AEFE RS, FE AT RE AR A I ) A o

3) f£ Pt-Rh &4 INEEE Pt-Pd-Rh A4
AL B B B PR AR AL & SRR, X T
ISR E & R B IR AL 2873 PAO 287778
)=, e I PO, J9%H .
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