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Abstract

Propane dehydrogenation to propylene has attracted extensive attention in academia in recent years.
Pt-based catalyst has the advantages of ecological protection and high catalytic activity, but deacti-
vation still occurs under high-temperature reaction conditions. The reasons for deactivation are
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mainly attributed to the sintering of platinum and the production of carbon deposition. Since most
of the catalysts used at present are supported catalysts, supports and promoters will affect the per-
formance of the catalyst. Therefore, this paper systematically discussed the impact of supports and
promoters on the performance of the Pt-based catalyst, for the future preparation of more excellent
performance of the Pt-based catalyst as a reference.
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1. 518

REWAFE R ICE TR, AT REMNA . Wbl LAZ i AT S & 0w, TN
FE IR 2 AL B R, RS TIME I . AR R[] ATAER, P i A 4% N 4 (Propane
Dehydrogenation to Propylene, PDH) 52 5 AR 5172 3% [2] [3] [4] [5]-

PFESr 1) C-H B FiRsE, BB C-H 7 2R m i, 1@ 55 A 550°C~700°C A4 A] LASE I
BN ACE 6] BT AME A, B e B S SRS DA I (R 3k B v T AR A TR e Mt U
[7] [8]-7E PDH Jx St #E 1, TIkE 5+ C-H B 1E b2 i L EE P IR, thoE 1 PDH AL A A 12 BE[9] -
A S TS IR, 38 2B UE 7 8A PDH [N IIR SR, SNABEBRGIE 1 Fas. AT, PR
THWBE o IR, 72 PDH OB R o KARZ BISON, N IR AR S B, 24T
T PR B PR AN AR AR (1] . ERLE, — PO R 1K) PDH AL AT F T ke C-H B i) Wi
ANt C-C BERIWTE . 124 ik, Tk b As AT R AL R £ 2 CrO, FAEALFTI[10] [11] [12]40 Pt R4l
e 5 Crog ZEffbAIAHLL, Pt BT BAAE K FREtmii s, Sz T Oleflex (UOP)
T Z2H[13] [14] [15] [16]. $RTfT, Pt B Ab 7L (s FH A AR AT A7 A5 5 PR B A 1 ) o 3 RSO A 035 12 1 B
)R AT USSP FH BB EE AR BRI = A . JUH R AE PDH SRR, B ket 2 R EBU LA
RIS o A e S5 BBRORE RT3, 1 R BN RT B RTRL A i Sl H B I P B e A 3R [17]
Jir DAL W A2 /0N TRV B R 2 5 L 1) it TR R0 7042 211 Riil, B SE/NRIRRALRE 22, 1 KRS I AR Rk 2%
#& ) SR T 22 111 ST, XA RE T C-H BERTE L RE 22 B [9] FRBRIE BUME AR R iE I SR R 2, R
W 7O EE G, ARIT IR T S8 . BT K 2 U A R A R R AL A
SE T DL M A 7R 48 A R B 751 R 7 T SR 18 L R AR BE B2 [ 18], Wil 2 B o

2. Filhxt Pt EAEW I RERI R

TE Pt FEGEALTI Y, OO BRI B Uk . ARE MR SRR TR RE DT R A E AR . 2005 4F,
Rioux & ANWFFi4R 1, 1£ PDH S RO RE AT, 850 1) s il B 2 3 30 Pt OSORE RS 38 i, ATk PDH Je i
FEAEARIEEM, ] 3 Fron[19]. RN, #RmMEE, SIEdRIRN IR A, ERRER, e T
AL NS TR BAMEE S, AR AR, 45 AlO; [20] [21]. CeO, [22]. SiO, [23]
[24]. “RékfA MgALLO, [25] (BX ZnAl,O, [26]). ¥ Uii[27] [281 A BE[29]55 . PRI, s () A 51 28k 1
IRREGRGTE PLIRY, SR SOR A A
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(1)  CHg+S —:;1—\ C,HS Adsorption of propane
@) CHS+S==CHS+HS First C-H activation

(3)  CHS+S==CHS+HS Second C-H activation
(4) C3HGS—IZf\C3H6 +S Desorption of propylene
(5) 2HS===H,+2S Desorption of hydrogen

ks

Figure 1. Reaction pathway of propane dehydrogenation (S stands for
a Pt site)
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Figure 2. Schematic illustration of different steps during propane dehy-
drogenation
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Figure 3. Effects of different sizes of Pt particles on

propane dehydrogenation
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LRI RERIBEIA[30]. 45 REW], HERAE y-AlLOs Fl mes-Al,O5 ) Pt-Sn fEAL75I%F PDH J b H AT 4 5 1)
AT PEFIIE FEE . AT, SBA-15 F ZSM-5 A# Ak f14) Pt-Sn {475 35 PR AT IE B #RARAR . X2 A
N SBA-15 Fil Pt-Sn 2 [H A7 /E55AH AR FH, ZSM-5 (st 2 5 S g Rk B it AR IS R A o AlLOs
RIH M RIR Y, e SFBURERA . 2SR PRA, PERERF. T BEIE ALO; IR,
Ll N FhAERR I 4 JB . 2014 4F, Jiang KEW IR H, ALO; Bkt TiO, A] LAfiE Pt X
AL AR B P [31]. TiO, MBI AR AN Pt T =% 5, (R IR, Rt e tt.
AR, BT LAZE AlO5 ik 5] A MgO ¥t .2016 4F: Shan 25 A % 31 MgAlLO, 1 % i) Pt-Sn 4L 7% PDH
SRS R I e (PR A TR A AR M, IR RN AR 1) 2 B MR SS IR PE[32] - Pt B AL IR £544)
PR FE 2T ol AR 2 B ) A A 35 2 s v e A 751 P s P RO AR M o R )R R RR FE I BRI R T 72 4
P AR, T B T AR AR e e R DL AR RE ) o BEJS, SCR RIFFEIESE[33], BRI 55 R A7 5 %5
i, R T S S AT, WA 4 . BhAh, HAhAERR ALY (In CeOy. ZrO, Al SIO,) ik 5
NE| ALO; #ifk, XUHMIIMANG, Pt B Fae R PUR R E 1A 2 T 3558, X2
N Pt SEAR AIAR EAEF 0340, oG8 T Pt B AL /i, FRAK T ERYE, T T Pt R B
H, - R [34] [35] [36] [37]-
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Figure 4. Effect of acid density of different strengths on in-
itial conversion of propane dehydrogenation
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2.2. FFIREATEL I RERR IR

o310 BT AU B FLE S5 R, LR T AR AT AT R ER T, B RR O PR AR B A B AT S ER
4. 2010 4, Nawaz 25 A\RiE T Pt-Sn fi#7E SAPO-34 L& HIMEAL 7% PDH [ B B 8 e Ak 7
PE[38]. AR, MEBEIRE S Pt AL MERE . RS EEIS, SAPO-34 HIZE R AN A, SEUEAL
TEVERRAC. thAh, ZSM-5 73 Fifi R I B s AR e 1, WIAE Y Pt AL A 84k . 2015 4F, Zhang %5
NHRIE T Zn B ZSM-5 8RR G138 Pt il 45 (0 40 77 B 50 s i AR Ak v A RS E PE[39] . 4817, ZSM-5
BRI IR I 2 FBU™ H IR RAE, AR ER . 2017 4, Li S ANERT AFRAZN TS-1 4
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TR, IR ARy Pt-Sn AL A [40]. S5 REHT, RLARBR/INE) TS-1 4197 1482 Pt-Sn AL R fEAL
PERERRAT . VENXTEL, W90 [FIRS & 7 AR RDR S ZSM-5 #84k, 5 PE-Sn/TS-1 (LTI LE, ATfEN
AR £ PR A FRD0T PR 0 PR S B3RP AN S ) AR M B I, ) 5 B . X R T TS-1 RiARih, 1R
gy, AFTALR, (23T HEER. SR, PtSn 5 TS-1 Z[A/F/ESSHEAER, Pt-Sn/TS-1 f#1L71
FAREERIK. 2018 45, FhEA SCFIRIE T — 2055, £ PDH M iR AR = AR . X
SefE ALK Pt BB UERAE 7O L[41] [42]. SR, Z»FOAE N Pt MR AL EAARSE PDH RN ) R
TSR TG AR K kR, PR F I MR VR s, 2 5 SO AR AT IR B2 J00 055 Rl IROSE I R A [43] . BEAE,

Pt 5310 2 18] (¥ 55 40 ELAE 2 5550 Pt BUREAE PDH S Bt F2 o RT3 n[44] [45]. Bl JiE XA OB H,
Pt 7 LU N B ik = 4E FLIE 1940 79 th[46] [47] [48], 40 Pt@KA Hil Pt@ZSM-5, X AF 1 4% F 4k 771 L
A LRE BT . 2020 4F Sun S AR CSCHRHE, Ptzn SRR, FERIRIREZE, Wil 6 Fra[49].
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Figure 5. PDH catalytic performance of different acid strength supports
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Figure 7. Comparison of catalytic performance of different catalysts
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2015 4, BAIFFCIRH, 4iRn Pt AEALFIZE PDH b RELH JEW RIS E[9] [52]. ik bl Pt
BT Pt-Sn/ALO;, M A2 PUALOs 4 Pt 5 HoAth 43 J& (M) 45 & T8 il & 4 B Pt-M B & M kL2 4 5 PDH
SN PRI P LR FAIG PE S 3R 1 AT 7. 2 R I LSRR 2 e SR dRIE 1 4R B3R, 4n Sn [29]
[53]. Zn[46] [54]. Cu[55]. Fe[56]. Co[57]. Mn[58]. In[59] [60]. Ga[61]. V [62]F1 Ti[63]%%, B

HEH BRI RN, il 8 Frzr[64]. A REEINEE 1R, BIFRIIMA T AR OK o8 Pt SRk,
TR B A5 F R TPERe, MRS AR AEE . B8 FosE YEAPURR R AE /1[37] [38] [39].
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Figure 8. Common promoters used with Pt
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3.1. BA5Rl Sn FHEALFIMERERIR T

FIEFTIE, A ERTZRIBIAZ Sn. £E Hy T FEFEd, 2T Pt-Sn & 4:[65]. Pt-Sn W4 J& fi
PRI R R B RR e, 28 T i) O W Sn MERT, M 2007 EFFEG, BhEEA
RGP T “TUTRN” A1 “H-FRN” HIE&[25] [66] [67]. — A, BFRARIHK, Sn BIIIANFA B
TG Pt UKL B BN TR, ks> 1 T8 BORRR (9 S REAE i, DRI DRI @ — i 23 ) UK ) ) SRV
[29] [30] [68]. 5 —JrMi, WEFEA RN Sn Al Pt 572 [BAF R R i PR, 8 PtIRTFEME
TR, EHE T R BRI, 7 AR AR R T DA Pt A SRS B ik 1. 2012 4, Yang 25 A K I Sn 1)
TN B T30 Pt d BEHE, MIMARR K T Pt &1 -0 d AR [53]. PtSn AL IR T 74 a6 A
MR, & T MmIARIEIREE, ATHE s 1A R R LB e . A EFR, Sn ¥Fh
A CAZEAAL R P AR R 4 RE P20 H[20]. 1581 9 1) DFT BGTHELR B, TR A6 S10kE_b 28 5 e AR
FEREU L, AR Pt-Sn A& TEJE, HIEAE Pt-Sn &4 ERIBARE 22 K T P78 Pt ks b i) i SR
22, I HE T HEA R IR B AR M IR Bk B 71 [69] - 7 1l 4% 4F 11 Pt-Sn {46 71 H A 7E PtaSnPt,Sns.
Pt, 1 PtSn, 252 FiIAH . 51 72 PUSN [ LLAE AT Sn FIAL B X Pt LA AL A BE A 1R K EZ A . 2014 45,
Zhu ZE NIRRT — MR NG & 8%, T 6 B8R E 5 Sn 9 Pt-Sn K R0RE, X L4 K B0k L MgAILLO,
AR, T PDH 4L RBI[70]. 3 S b 77 2 0 HH A8 v IR M ALV ME DK AR e 1k o X T vk B 1Y)
FEIEHEYIFY Sn FEEGOKRBURL R T, SRRV 2L HEYE Pt 7. BE%E Sn/Pt LL{EA O #mE| 2,
Pt-Sn/MgAI,O, AL HI TG PE R BUR R BE 193 7 B 242 M, Wikl 10 Fim. dedh, AR T 58
Pt-Sn #E4b77, 40 Pt-Sn/AlLO; [71] [72] [73]+ PtSn/AlL,O4/SBA-15 [36] [37] [74]. PtSnNa@SUZ-4 [75] [76]
A1 Pt-Sn/SiO, [23], Sn HIMIN AT UK K = Pt IS ALFI ML 15 1 Fse A PUR R g
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Figure 9. Energy profiles for propane dehydrogenation to propylene on Pt (111) (black), Pt;Sn (111) (blue), and Pt,Sn (111)
(red) surfaces, as obtained by DFT calculations
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Figure 10. (a) TEM, (b) HAADF-STEM, (c) EELS line scans of Pt-Sn particles, (d) Propane
conversions and (e) propylene selectivities of different Pt-Sn/MgAl,O, catalysts
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3.2. Bh50 Zn X EAFIE RN

Zn 55— B LA T 4 PR TURIBIF . T8I0 Zn J5, Pt A T 45 4R H PR AR AT R
AT ERKIAR L . 2015 4, Zhang 25 NRIE T4 Zn (1 ZSM-5 i3 Pt 2 )5 AL FIZE PDH N R B
HH B v P AT P R AR E 12 [39]. 2016 4F, A HikiE Fa tH , Zn BN AT LLEEAL ZSM-5 43 -0 (I 5 BR 67 25 [ 7715
[ O Pt AR 08, B R AR R IR AL, S5 AR RI R M. 2018 4, Camacho &K SCHRH,
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Figure 12. Propane conversion and selectivity of propylene forma-
tion for 0.3% Pt/Mg (Zn)AIO, samples versus the fraction of Zn
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