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Preparation and application of palladium-based catalyst for
producing hydrogen peroxide through anthraquinoneroute

SHEN Chong, YANG Mengfei, FENG Bin, ZHANG Zhe, BAI Liguang*, ZHAO Xiaodong
( Liming Research and Design Institute of Chemical Industry Co., Ltd., Luoyang 471000, Henan, China )

Abstract: Alumina spherical granules were synthesized via oil-drop method using alumina sol, acrylic
acid-acrylamide copolymer (AA/AM) and hexamethylenetetramine as raw materials. Then Pd/AlLO;
catalyst was prepared by wet impregnation for the catalytic hydrogenation of 2-ethylanthraquinone. The
catalyst was characterized by N, adsorption-desorption, XRD, TEM and CO pulse titration. The effect of
AA/AM on the structure of the catalyst was studied. The result showed that the addition of AA/AM did not
change the crystal structure of the catalyst, but increased specific surface area and pore size. Meanwhile, the
addition of AA/AM decreased the size of Pd particles on the catalyst surface and increased the dispersion of
Pd. Compared with those of unmodified APC-Q-18, the catalytic activity of LDHA-1 catalyst modified by
AA/AM in a laboratory reactor increased from 12.5 to 14.5 g/L, and the space-time yields of LDHA-1 in a
model plant with hydrogen peroxide capacity (on the basis of 100% H,0,, the same below) of 10 kg/d and
in an industrial plant with hydrogen peroxide capacity of 2000 t/a increased by 77.0% and 70.0%,
respectively. The space-time yield in the industrial plant with hydrogen peroxide capacity of 55000 t/a was
up to 8.55 kg H,O»/ (kg cat-d), significantly higher than those of commercial catalysts [ <6.14 kg H,0,/(kg cat-d)].
Key words. Pd/Al,O; catalyst; specific surface area; pore size; hydrogenation of 2-ethylanthraquinone;
hydrogen peroxide; industrial application; catalysis technology
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FEFNE AR, T TR o L, &6 PA/ALO;
BRI S A AR 2 50 T T e,

WFFT I, BRI SR £ B2 i s s .
PRI, o 2 AR 1 b 2 i AR L o 3% i 4 40 o R
JE | BE R ERARFLAR LURRAIS B N 4 A 2R AR FLIE N I
FRCRH 7 J2 $8 v AR Ak 500 35 Pk 0 R A S B i . FENG
NSRS A IS B N 46 T ALO,-Sio, H A
ik, HL R RIEHTE, H Si f5IA
HOoR T AR R IR, AL R R, 2
P SR RV I R AN ISR R I R e, PRI A
WA BRI ALOs 2k, MUtk J5 2k L 2% i A ik
FHOR, BALE . LW TFREEE, HiInARKR
B R R R I, ANE TN FE . 25 2
A SR A R RRE, 2B A 4% A AL
Bk, BETKEWHES . ROGEE . BMEN
IR Y FLAR, , 25038, /I 3 PRl gk
MR LR A, AR LN, TR
Pk fe B eI R ALAR, HEL R IR G . A3
68 FH PR A TR - R M R A A6 SR 40 ( AAVAML) R85 L 2%
P, DS B [ el 4 K b 3 1o RURNFLARS o

VIR IR JERE, A LR Y AA/AM J5 4k
B £5 2K G ALOs, T LA A4 6l %5 Pd/ALO;
AT, A . XRD . TEM 25 FBExf ik,
FNEERIEATRAF , I 28 THRAL R FE 20 S e
R TR ST 6 2 R et AR A S Tl A 7 2 v ) TR i
A AR RE

1 R®ES

11 RFENEE

PdCl,, w(Pd)=59.5%, TTPIAF Z & mFH
PR BRAF]; NaCl, WU, 4rdral, K
HTRHE R 2E AR A RA T, AA/AM, [ =
30%, & FHEHIAE TR TR BA T 5 1,2,4- = HEE,
Gyrbral, LR T AR e A IRA R, DY
J2 (AR), TN (TBU), Tolkg%, &
R TAHBRTAEAF]; B —FFs (TOP), TokZk,
BUH R F SR B e A A BR 23 7 5 2- L LR ( EAQ ),
Tk g, HEYiIHEE TABRA A e, AT,
Hrp SRR EHR 11.0%; =1k, Afl, B
§3<1.0x10°S/m,

UltimalV 7 X FHZATHH ( XRD ), HASHE2E)Y
A); ASAP 2460 L AL FLI2 53 #7142 . Chemisorb
2920 fb 2= W B AL, 3% B Micromeritics 2 Al ;
JEM-2100 = 7 B I i T 3B , H A JEOL /Al 5
DL T 2% GEASURE 38 B /e AN, KGE AL TR oE it
Bt s S110 HLJEHE & 55 B 114 & JHO61% 4 ( ICP-OES ),

EE Aglient A F] o
12 #l&
1.2.1  &AL4e B AR5 &

] 100.0 g FHAER A 2.1 g HRY) AA/AM,
B I A R B3 B 40% 1Y N 3 Y 3 Y i K R TR
244 ¢, FHIRAA] . KRGV 2 10 Sk A
85~95 CHMAE P LAY, BE /K 28 150 °C4k 4 h,
Ve, 120 °CHHE 8 h, 900 °CH552 4 h i, 1558k
AR R, Hirh, AA/AM TESEALER 8RR i &
AR 3% LL ALO; i it ), BtEERIE/E ALO;-
AA/AM, TERZ XTI, HSEAIA AA/AM B4
feER AR, iE1E ALO;.

1.2.2  ABALH) o4 &

M) 25.0 mL £ F/KPAMA 50.4 mg PdCl, Fil
33.0 mg NaCl, #fE52R AR ER. Hi,
n(NaCl)=0.564 mmol, n(PdCl,)=0.1128 mmol, %A
il & A AR 10.0 g, 215 s BT 3R 5=
WA 3k, R 30 min JE AR, FH 2B K
VEV 2 T L 1% AgNO; IR RGNS H 4085 1
(100 mL PEIRERH, A 2 7% AgNO; I, T
DUREAE R )o WEAMEA A 120 °C T 42 4 h, BERED
pdrre 450 °CHREbE 4 h 13 ML LLAS A HR 3R
ALO; FIHEEAER ALOs-AA/AM Hl % I HEALF , 4351
icfE APC-Q-1S #1 LDHA-1,

1.3 SZRRFRMESMHERENK

XRD P55 Cu # (P 1.5418 nm), &
HLE 40 KV, AHE 40 mA, 20 43K 5(°)/min,
A 0.02°, FHTE ] 10°~90°, N, Wz B - it B 45 if £&
MRS FESVESEAE 300 CCELZSR 6 h, R
BET 77 (0.05<p/pp<0.35) i+ b FRmA, i
p/po=0.99 B (FLZS, i F BIH 7 MG R S 4% 1R 45 FL
oA . CO Bkl M 2. #2100 mg # i
I E U BAE T, B CERERA —E A e
WA Ar 7E 150 °C AT AL B, BH)GIEE =R, FF
FLLRE Mkl CoO HEWM, Pd 53U ( Deo, % )
= (1) 5.

D 1%0= Heolle,
A neo B CO WP, umol/g; Mpg A1 Pd HYAHXT
JRF i, N 106.42; m NEAFITE, g; wPd)
JofEAL I R Pd R, %,

TEM: B 78 WS I 0 il T oK i
AL 10 min, FEFEM AT ELE , SR T
AW A B AR A TR I SR AR R T, R JEOK
LR G, MFEMBEIT LS, R R IS
B, AR EEHLI A 200 AS90 K 0k B R SF 1S 2 S
g, M= (2) WAE-FRiETHE Pd 19 HUE

100 (1)
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(DTEMs %) o

6M
Dirng / % = —24 %100 (2)
TEM / /0 pold

. Mpa o Pd BUMXT R F s, 4 106.42; p h
Pd YR, 12.02x10°g/m*; o i Pd JE T RE#R AR,
0.79x107" m?; L Jy Bl {R AN f % 8 %%, 6.02x 10%*/mol;
d RPREEIRAE, nm.

ICP: fifi H ICP-OES i A4k 55 7 Pd %) 5 £ 5348

HESEFEMRA . FREL 40.00 g FHMEESH4F2 2 100 mL
s, LLO30°RH A I B RS RN R,
BRI AR o DU ot B LUARRRAS 21 HE 2%

PrH R B FEALBER 50 R AFIAE &, fif
FH I 2 4302 — M A U s B, O 41
PR 2NRE i BT R
14 EAFEETERN

B, B TR, % 1,2,4- = LRy T 3%
IRFEARFRLL 65 & 35 IRAHSIFENRAHH, BEJS n
AGE R 2- B (W 120 /L) , 58
VARSI BNE MEEAN FE R ) TAE W . AR PR
TEA 727 e 25 A0 B 355 S5 1oy 2 R g AT U4 AR i) 2 1
A —ERIEEEER, 10.00 g fEALFIF 40.0 mL
TAEWR F5 ] S HREE SR 50 °C, & 400 mL/min,
AACET ] 30 min, 45 5B 5.0 mL &S B T
YEW, BAESME AR 2-2 3 AR 56 4 U,
[ AR B AL R S, (0 25 B T K A BT AR
Wb A S, S R SRR PR E I E 5.0
mL TAER h A i A A A i, T B T TAE
WA e AR R A, RO E S = A
HRETETE (CRARECR ) o IEPEPE b R A e
W FETR

(0} OH
* Csz Cat. C2H5
Q™ = 2

O OH
OH
(6]
CaH; C,H;s
SOORREH SO
OH (6]

AL R T e (3) T
17=5/2xc(KMnO,)* V(KMnO4)*M(H,0,)/
V(TARER) (3)
Kb AEEFI SRR, ¢/L; o(KMnO,)
R E BT R R PR A R BE . mol/L; V(KMnOy)H
THAER R AR RN IR AR, mL; V(TAER) N TAE
WIREAR T, mL; M(H,0,) Kt Sk S A 43 7 I
i, g/mol; 5/2 At S Ak SR R A R ET SR 4 I 1Y)
.

Ffi 5 BRI 40 mL TAEW, & ke,

2 #HR5WR

21 MR
2.1.1 XRD &#

&1 KRR B XRD 3K, 255 E£0], &~
AL I 7E 20 SN 32.76°, 36.48° ., 45.62°F] 66.95°
BRI HH BT i A R AE AT S 0, 15 A L R 2 R AR
FRER B TR o 0SSk e A AT B e vl
WA B EEAR—F, WSS TFRAEY AA/AM N
AR R AL ARG AS P A R AL T Pd B
{8 0.3% ( LA i 3, ), BoRe
MF) Pd BT

APC-Q-18

LDHA-1

10 20 30 40 50 60 70 8 90
20/(°)
K1 AR XRD 3% 5]
Fig. 1 XRD spectra of different catalysts

2.1.2 HBEWIRRILLEM AT
A e 44 £ R0 % 4 B B R FLAR 0 A A ) a1
FE 2 B,

#* 1 APC-Q-1S Al LDHA-1 fiEALF 9 B JSMIFLA5 14

Table 1 Physical properties and pore structure parameters

of APC-Q-1S and LDHA-1 catalysts

el PURRE  pekmi fLRR POl pd o
/(g/mL) SRE/N  /(m¥g) /(em/g) Fmm /%

APC-Q-1S 0.54 53.0 95.0 0.55 232 030
LDHA-1  0.45 48.3 110.6 0.82 29.7  0.30

3.0F —e— APC-Q-1S
—=— LDHA-1
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Fig. 2 Pore size distribution of different catalysts
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= 1ME 2 RW, SRMAREWHEL, WA
REW AA/AM J5, Il & HEAETIRHER RN 0.54 g/mL
FEAIRZE 0.45 g/mL, FEAR T 29 17%, 1MiHT HEREGR AT,
TREETE 48 N DLE . LRI LR AL 95.0 mY/g
% 110.6 mY/g, FLIAFH 0.55 cm?/g HEHNZ 0.82 em’/g,
LR, LDHA-1 fEfbHIHRfL 5
BRI, XORFE N REAY AA/AM RS
BIAT DL R b R BRI AL, Ak, Rp kel AR
AA/AM IR ffi i, B R 2 IR B W B LR
}gﬁ[ll-lz]O
2.1.3 TEM #=& & 58 E o

APC-Q-1S il LDHA-1 BiFMiEfL 57 ) TEM 33 &
KAL) Fe T B 4 S AR TR A A sl 3 iR, Pd
SR P ST B4 RN A B N 2 BT o

APC-Q-18
40
= 30 -
E
:\-J\ 20 -
10
0 . —

FLfE/nm
50
LDHA-1
40 -
 30F
=
:B 20 -
10F
0 L L L P — L
1 2 3 4 5 6 7 8
kit /nm
Kl 3  APC-Q-1S fil LDHA-1 {4k 7 /) TEM & Fl Pd ki T
B AL 43 A

Fig. 3 TEM images of APC-Q-1S and LDHA-1 catalysts
and size distribution of Pd nanoparticles

ZERFW], HT LDHA-1 #6501 b 22 i R
K, P Pd URLAE 24K 2 T8 FRLAR T /)N HL A3 A T 4R
o, PRI N 3.6 nm, # APC-Q-1S FEKZY 14%.

AN, i CO ik i & il TEM 3400742 9 5 s
ME T Pd 7EMEAL M B/ HUE , 455840 Pd
1E LDHA-1 FE 1 4 70 0 B K

2 AR Pd BURLAY 042 5 B
Table 2 Average particle size and dispersity of Pd nanoparticles
on different catalysts

PdF¥  PAd4rHUE (Pd Pd4rHUE (CO

Bife/mm  ORARITE) /% Bkl ) /%
APC-Q-18 42 26.6 18.2
LDHA-1 3.6 31.0 27.3

2.1.4  RFERIER
] 4 S AN [e) fHE A 50 A /R P S0 4

LDHA-1

13F APC-Q-18

0 30 60 90 120 150 180 210 240 270 300
Fis} 1] /min

€l 4  APC-Q-1S I LDHA-1 fiAL I /N i o
Fig. 4 Activities of APC-Q-1S and LDHA-1 catalysts in a
laboratory reactor

gERFW], APC-Q-1S AL Y 15 P S 18 Jn s [
fi%, BJE4EHFAE 12.5 g/L. i LDHA-1 [#)/MRATE 2%
ATk 14.5 g/L, FSETE 14.0 g/L. LDHA-1 fi#fk
FITGPEA AR T, HIRN A . HE LDHA-1
AL FLAR R, BRA T SO A N HBE T, R
Oy FAEFLAE A8 Sl BE bR, B T A s R U
vk, FACER AR L R AR 3G AR & T e AL
Pd R ELUE , Pd ORI ARAR TN, SCEE TR
Wi KA, R ANS 5Ny Pd
ks T £ 15181
22 1HEBILI

Jyik—H % %% LDHA-1 BMEALPERE , B
Tt EALEZHE N 10 kg/d Byt B AL A L ALk
ST JfE APC-Q-1S HEALFIHEAT N, #E
SCEE ] AR, TOP F TBU 41 A1 3 %7 TAE W 14
o H, BARCERR S 170~180 g/L, A FIA
F V(AR) : W(TOP) : V(TBU)=6: 1 : 1, LDHA-1 %!
AL 1.0 kg, BIRISCKHEFTAEE 937 h, T
YERAEA L 50~60 L/h, SALRREE 55~72 °C, &
ARSI ST 0.25~0.30 MPa; APC-Q-1S U Ak 77 2 5
2.0 kg, BRI AFTIIRK 749 h, TAEWAEH IR
60 L/h, SAL IR 55~59 °C, A4k N
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0.29~0.34 MPa. N{E XTI, #E$F LDHA-1 BRI
grh 5 APC-Q-1S S NI MR BCF AT X L, St
TAEBAGEIR T &= 50 L/h, S4B 55~60 °C, &
AN T ST 0.25~0.30 MPa, 2554013 3 frs. H# 3

AL, 7E & TBU =5 TAEMIA &+, 5 APC-Q-18
HEALFIAI L, LDHA-1 #EALFIAY A= fE S CEImE 23
FER) BT T7%. WA, BRI E R, U
A AR ) LA R A e PR 1

# 3 APC-Q-1S Fll LDHA-1 H L5 7EAS Y S0 20 B b 18 47 1 L
Table 3  Operation of APC-Q-1S and LDHA-1 in a model plant

AL AL/ C AALESI/MPa TAERIRE/(L/h) EX SRR/ (g/L) T2 775/ [kg Hy0,/(kg cat-d)]  BERHFE/(kg/t)
LDHA-1 55~60 0.25~0.30 50 10.34 12.4 0.24
APC-Q-1S 55~59 0.29~0.34 60 9.71 6.99 3.151

T WP R =FAROR < TAR O A + MRALR B R I AE=2- LR IR A & + i AL 20 &

2.3 HEAFIHI WA
23,1 FhweA Ty AKL

TV TAHRAR (LR RIFR 773y
B i A A 7 2 EAE TR BE 2000 H #2 100% H0,
T, Hdp, &4k EARERD I AL BHE
RGIETT, BAEMMIEY A L TR,
b, E4k A B RN 1.0 t APC-Q-1S AUiEfk 5,
ik B 15 FSEIE 0.6 t LDHA-1 B4k, R

AR+TOP+EAQ WiV R TAEMAAR R , B SCR R & it
130~140 g/L, #HIMAFIL V(AR) : (TOP)=3 : 1,
PEFR TAER R 37 m’/h, Sk A 1 B i3S TR
J1¥°8 0.27~0.28 MPa, FALIEIBIKIEE R 60.0~
65.0 °C ., PIFPEAL A Y SE g 45 SR 3R 4 FoR ., 3k 4
Al FEMIE SR, LDHA-1 b5 4 7= g
4124 11.46 kg H,0,/(kg cat-d), # APC-Q-1S =4
70.0%.

# 4 APC-Q-1S I LDHA-1 HEAF 76 7 i DU Wi 4 A S8 i 10y oMb oy P s
Table 4 Industrial application data of APC-Q-1S and LDHA-1 in hydrogen peroxide plant of Ningbo Ocean Chemical New

Materials Co., Ltd.

AL SR EC  BALRIES/MPa TAERAERR R/ (m*/h) SRR (/L) 143773/ [kg H,0,/(kg cat-d)]
LDHA-1 60.0~65.0 0.27~0.28 10.34 11.46
APC-Q-1S 60.0~65.0 0.27~0.28 7.59 6.74

232 @RI AL

PG IR S B A BR 2 F) (LU fRifR “YLvs
HIE”) A& =2 B AR = EE N 55000 t (4%
100% H,0, 1155 ), HAME (EHAZ 3.6 m) Witk
Eoo R 3, Hi, fEEW YW RGBT, B
I TAEWAA R}y AR+TOP+TBU+EAQ, HAT &k B IH
Y 160 g/L, HHRIARLL N V(AR) @ V(TOP) :
VTBU) =15 : 4 : 1, fEA TAER & 950 m’/h, &
ER% 8.0~9.5 g/L, A fbIEH73 1 15 t LDHA-1
AL, F AR B 3EIH 10 t APC-Q-1S fiEfL 7], &
R b R EGE T,

R ASIF EREEREET, JF4F 200~
261 d W5 T 28 T8RS T3& 5.

MR 5 ATLLE M, SRR N i B AR
57.5~66.1 °C, FfEH I THETE 0.27~0.31 MPa,
PEIR TAEW R HAE 935~963 m/h £51F T, MAILEL
%k 8.03~8.23 g/L.,

Horp, 35 LHDA-1 (b5 B Ak 3E T &k
RN 5.65 g/L, %IH APC-Q-1S #EAL I 1y & 1L I
WA RN 2.58 g/L. FFHIE R TAE R &

(949 m*/h )i+ H A IS 7 15 t LDHA-1 f#EEF]

HEPRRE 1 8.55 kg HoOo/(kg cat-d), B3 TEN
[RIZE AL (e 6 Fis ).

%5 LDHA-1 BEALFRIZEVTPE i e id S04l 2R 09 Tl R
P
Table 5 Industrial application data of the LDHA-1 catalyst

in hydrogen peroxide plant of Jiangxi Selon Industrial
Co., Ltd.

S AT

BT e B Afes A

i TR/ e vE -
NI mimy /e DU IR BUE JRIE 21y i
/d °C  °C /MPa /MPa

200 963 53.1 595 66.1 029 024 823 633
204 961 525 586 653 030 024 810 630
209 949 512 575 637 027 021 819 637
215 960 525 58.0 64.6 029 024 8.09 o614
226 963 52.7 585 647 029 0.24 8.08 624
229 950 522 58.6 65.1 0.29 0.24 821 622
240 956 529 592 657 030 025 8.03 631
244 960 53.1 594 66.0 031 025 8.18 613
249 958 53.0 593 659 030 025 8.18 613
253 935 53.0 593 659 030 0.25 8.04 606
261 938 513 581 64.6 030 024 8.08 608

Kl 5 09 LDHA-1 HEALFRIZE VT PG g i S = A
PR E RS 375 d N TAERUR BEERA > & A8k
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BEARE L, mE S AL, #8728 d e, TR 2-
CHE DY SR Y ks B B 2%, & 200d )5,
HERIARRE, BAMERSE (2-2 3B
2-Z DS AR & 2 ) Fadh A T, i8] LDHA-1
PRAE T PR KA

6 Tl E b AN A BE
Table 6 Production capacity of different catalysts in industrial
plants

i} 25 77 2 /[ kg H,0,/(kg cat-d)]
3204 ¢ LDHA-1 8.55
sk BRI 5.88~6.14
(S 4.00

180
160
140

% 120

100

80t
60 F
40}
20F
ot

st

Q \\] \ \\) O ] N \\]
VS OLLPLEPAPCS 00
BATREUd

a— BV SUER; b—2-C R ; o—2- £ L DU SRR
K5 vy e o SR S A 7 2 P A R R Y
e
Fig. 5 Content variation of the anthraquinone in the working

solution of the hydrogen peroxide plant in Jiangxi
Selon Industrial Co., Ltd.

3 #it

WAL Y AA/AM NI B2 v ] 4% 1
ALO; HEAFRCPE, I DA A 3 A il 4% B0 fin &0
Pd/ALO; 11k 7] ( LDHA-1 ), FAFS5REN, 5K
A AA/AM AL G, AA/AM B J S LDHA-1
PEALF Y He AR 95.0 m¥/g = 110.6 mY/g, F
YIfLA2H 23.2 nm ¥ K ZE 29.7 nm, Pd ke
FAPEERA R 4.2 nm %% 3.6 nm, CO JkihifE &
AR EUEH 18.2% ETHE 27.3%.

TE S0 % I A FIVBE Y S 5656 B P ) LDHA-1
PR TR A TR o &0 R B PERE A T PR . S AR
A AA/AM EAEFRIAIEL, 7ESC = R A, 8
AR BB AP 12,5 g/L 89 % 14.5 /L fEi 4
LE=EE R 10 kg/d BRISCEG R B P, 5 APC-Q-18
RUEALFIAH LG, B2 =% 3Em T 77%, HERRIHFE
AR,

TET P 2000 t/a FIYTFEHJE 55000 t/a i1 4
e E A =3 E (3% 100% H0, HHE ) EXxFe T

APC-Q-1S FIl LDHA-1 84k x1a9ERE. 78T 3 U iA
g h, LDHA-1 AL 28 P2 %48 APC-Q-18
BT 70.0%; FEVLPGHIpREE S, LDHA-1 {#1k

FI R 28 P2 ik 5] 8.55 kg H,0,/(kg cat-d), {3
TR B o X U B A AR FL A5 R 0T 4

JECTR I UM AL TR0 00 PR AR W E Sk et AR
S PR AL TR R

S E k-

[1] HU C C (#KiK). New research & development progress of
anthraquinone process for preparation of hydrogen peroxide at home
and abroad[J]. Chemical Propellants & Polymeric Materials (ft.2#4f
HER S 53 FRTRD, 2017, 15(2): 1-14.

[2] SHIY Q (Sl%Es#), XIA Y T (B JIfi), WEN LY (A 4). Hydrogen
peroxide and its green synthesis of basic organic chemicals[J]. Chemical
Industry and Engineering Progress (fL T /), 2021, 40(4): 2048-2059.

[31 PANZY (iB%55), XING D F (Jf§xE14). Market status and technology
development trend of hydrogen peroxide[J]. Modern Chemical Industry
FUALT), 2021, 41(4): 11-16.

[4] HOWEIZI J, TAGHVAEI-GANJALI S, MALEKZADEH M, et al.
Effect of the distribution and dispersion of palladium nanoparticles
on the reducibility and performance of Pd/Al,O; catalyst in liquid-phase
hydrogenation of olefins[J]. Reaction Kinetics, Mechanisms and
Catalysis, 2020, 130: 777-795.

[5] YUAN E X, WU C, HOU X, et al. Synergistic effects of second
metals on performance of (Co, Ag, Cu)-doped Pd/AL,O5 catalysts for
2-ethyl-anthraquinone hydrogenation[J]. Journal of Catalysis, 2017,
347:79-88.

[6] ZHANGIJL, GAO K G, WANG S L, ef al. Performance of bimetallic
PdRu catalysts supported on gamma alumina for 2-ethylanthraquinone
hydrogenation[J]. RSC Advances, 2017, 7: 6447-6456.

[71 HONG R R, HE Y F, FENG J T, et al. Fabrication of supported
Pd-Ir/AL,O; bimetallic catalysts for 2-ethylanthraquinone hydrogenation[J].
AIChE Journal, 2017, 63(9): 3955-3965.

[8] BAIHX, FANG X C, PENG C. Synthesis of tailored egg-shell PdA@ALO;
catalyst for catalytic hydrogenation of 2-alkylanthraquinone[J]. ACS
Sustainable Chemistry & Engineering, 2019, 7/8: 7700-7707.

[9] SANTACESARIA E, DI SERIO M, VELOTTI R, et al. Kinetics,
mass transfer and palladium catalyst deactivation in the hydrogenation
step of the hydrogen peroxide synthesis via anthraquinone[J]. Industrial &
Engineering Chemistry Research, 1994, 33: 277-284.

[10] FENG J T, WANG H Y, EVANS D G, et al. Catalytic hydrogenation
of ethylanthraquinone over highly dispersed eggshell Pd/SiO,-Al,0;
spherical catalysts[J]. Applied Catalysis A: General, 2010, 382: 240-245.

[11] LI Y (Z#), FENG J T (BRE), FENG Y ] (B¥I7%), et al.
Preparation and ethylanthraquinone hydrogenation performance of
Pd/ALL,O; catalyst via template-polymerization method[J]. Chinese
Journal of Inorganic Chemistry (JoHLfk22244]%), 2013, 29(1): 57-62.

[12] LIG C (Z%), ZHAO H J (B £:7%), ZHAO R L (XF ), et al.
Effects of various pore-enlarging methods on the pore structure of
alumina catalyst support[J]. Petroleum Processing and Petrochemicals (£1
51T, 2010, 41(1): 49-54.

[13] ZHANG Z (3k#), BAI L G (H37.%), YAO Y M (WkHafi), et al.
Preparation of spherical alumina granules via oil-drop method:
CN111792659 A[P]. 2020-06-24.

[14] TANGP G, CHAIY Y, FENG J T, et al. Highly dispersed Pd catalyst
for anthraquinone hydrogenation supported on alumina derived from
a pseudo-boehmite precursor[J]. Applied Catalysis A: General, 2014,
469: 312-319.

(4% 760 1)



