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Abstract: The catalytic hydrogenation of polycyclic aromatic hydrocarbons (PAHs) in coal tar to high—energy—
density fuels is an important pathway for achieving clean and efficient utilization of coal resources. However, the
efficient conversion of mixed PAHs is hindered by their competitive adsorption and dynamic evolution behavior on
catalyst surfaces. A fundamental understanding of the interactions among PAHs in mixtures and their impact on the
hydrogenation saturation process is essential for designing high—performance catalysts. This review systematically
addresses key catalytic challenges stemming from competitive adsorption and evolving reaction pathways, and
summarizes advanced strategies for catalyst design and optimization. These include tailoring active sites to mitigate
local environment distortions caused by competitive adsorption, modifying support properties to steer target

reactions amid dynamic pathway changes, constructing open hierarchical pore structures and performing surface
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functionalization to improve macromolecular mass transfer efficiency and inhibit carbon deposition deactivation.

The future research directions for hydrogenation saturation catalysts of mixed polycyclic aromatic hydrocarbons are

also discussed.

Keywords: fuel; polycyclic aromatic hydrocarbons; multiphase reaction; hydrogenation saturation; competitive

adsorption; dynamic evolution; catalyst
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Fig.1 Sankey diagram for coal tar composition
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TR G R 2 b iy 52 0 9 F = e A AL 7] 22 L 4%
) P FR BB R TR TN U AT B M REY
1% o PR 0 R B2 S MR TR AL R LB 54 5
P53 RO RO VERC M . Wang SF2 A BF5E R B, 78
THEAR R Ay T InEn), — BAER LR S R AW
RS ) AR Z R T I S, 251k
FWFLNY BBR ] o l T Weisz BIEU(>0.3)
A AT 3 0h o) A2 i o 8 28 1k kS oy ) e 42 20 3R
I H., 5 0 B2 1k — 25 PRk — B, 5 0 o1
R RT3 AR S G 4 AL 5 K2 5 T 48 30 (0 LB 7
FUN HAB A 3 B9 O AR T 1S TRz BH, A T e
IR T AR PR AL SRR IR S X Rl bl B e I S A
FLIE S BIE [R5 | A 4% Jo BR ) 7 Tl 52z 4 Hh s
B TYGUE . Held S50 I R SN a8 IR & D7
At B AT Bl g 2 AL E S B SR P 5 A A% B 1Y
AT, SRS VEE N ALY B
ZRTO M dE LB, Ry FENIES IR
TEHEAL TR R T Jom W B2 , BELAS T &l FLIN Y
PHOHURR 78, S BUHRE AL 59 FL N A 8 5 A (e
BLLE A IR 11%) o I, i T 58 4 R 5 AL
TE A% 5T A P ) IR A 007, 7 EE A 555 1 R 2H 03
(U0 TG ML A A R 25, 5 ofE A5 1 RE
TR

H1 01 18] 5 4 W B A% o BR il LA K B 1o
S AR RVEY 25 5 TR AL AT TR AR N 3R S AL A
DA B T O A AN 2, S 0D A B I B T o
MBS TR R, BRI R0 B 2R BN AL A
1 C—H 8 5 AA AN W) 19 58 £ 25 %% (bond dissociation
enthalpy, BDE) (& 3) , HAR BRI , 12467 5 S0 7% 14 Bt
72 Reizer S5 o DFT R0 8E T 16 # il
6 5 i B 24 05 45 b Bir A R W) C—H 8 19 BDE {8,
BDE f AR Y C—H # R 27 T “ Bk TR 7 ol T " o2
NS e DAY WL 1 w8 VA ORG-S N (X (]
g 7 F i F 2 2 (quantum theory of atoms in
molecules, QTAIM) 73 #7 & B, % F HA T8 w B T
FNICIR B ER D5 e (N2 (D), e C—H BRI S i
(BCPs) B L T4 ¥ (p) 5 & A H1 B2 2 B AT AL
A Z A AAAE 1 2B R PE DG AR (R = 0.895) , 1% ORI TE
Oy TR T A5 5 RN Bl e Z RV ST T R R
F o Zhou S FH AL T8 S S LT M HL I AR SO
(in=situ DRIFT)E A, SEIFIB B T 4 S 307 k2 1Y
e e . SRR FE RS R A A A
(N E e S S B2 SR SRR AL e SN P Sl i)



+ 3758 -

BITE

@é
#*
569 626 776  56.1

4 )
ovel

HIE(b)FEH
579 634 801

575 644 802

3 WFIE 10 R BRFR S 1240 e - H . - OH 55 - CH, F L34

EiH(1,2,3-cd)EE
659 792 58.1

H H
. {1 1
< 0K o
. IR

78.3 5.8 64.1 780 557 643 775

204 489 413

B B LA (3£ 10° Wmol) o BB T 3o TSR

Fig.3 Activation energy values (in 10° J/mol) of the hydrogen abstractions from the 10 studied PAHs by« H,+OH and - CH, radicals,

respectively”™” (m—electron sextet notation is also depicted)

JI S, A0 s S g DU 5 R A 7 B s HE s [ o7 L
FRCIE POV o 33K S ST I B T 5 B T 45 R — 3K
BIUESE 7006 ROV A B2 45 T F A B gt 5
TR . UL, WI4R 15 Ab 20 R 2 136 1 A7 a5 A R 2R
TIN5 850my 8 B 0, I 555 i 25 BEARLIR A
22 BHEETHAN

TEIR G A 5 R & A A FE b, O AR
2 T H AR, HAR A s AR TR [R) 28 43 ] i 58
S A A R ) PN e e = B v N1 B e
P 25 K6 R 2 6 B Y 22 S5 R BB N T AR A AL R T
PEAE L PR BN 8 0 A AR 2 X AR — 2
IR F Y BN GBI AR (H TR AR R
oh AR RO 5 I B O A i 2 B 2H 535, 3 RN AR
PG T A Ay iR Ak i LSRR S A
AW JE S RO K A RN AR R A E 1]
SN ) 24 At 225 TR B N = H w90 an, BRSO
) 0 7 PR ECAE L 28 0 58 6 G2 R AT i &L A
ARSI R E IS T ZE i A i, 2SS
AR 60.7% . FR A B RE LIS, 07 FRECE 2%
W2 B, JE DL 56 o 4l 5 1 A A R AT W B A O 2R
PRI, B ERRLLH R EE MR R T
P AT AP, BB ZS A 5 | AR R T 2R
Sk, RS R 48.4% ., XA T H A%
B BRI T YT % R TR
S RGO Z [ w25 A VE R, B R 284

o7 i 5 PR AL A5 R AT R RO Al I 6 58 A R
Ma S558 3 Jiz 17 36 1 R R 548 S 800 43 AT R
B L TR S K, L fa b 5 ik
FWE LTSS A, IF AR BN, BOH 5 A
ST ST AR T S A B, S B ) 0 ) 75
AR 5 2 N D 2% i AR I FL G S R B, Y
B A R B2 100% B, JE R AL 28R 31.6%
TESIM IR S &, =305 IR iy I S ey 23 T AR R
1 SO AR 6 A | T BRI 55 0 () B b e 7™
IR LU, v ] 7 ) B A Dy — D ) R
Fo SRR ] e YRR IR 5 Ak e 4
YIASTRL TR A4 2 v g e ] 7= B 25 DR e Ak 32 BEL T i
B TR AL T s FLAE D X SR B ] PR )
B 5| K SERAL IR 8 T 3 LA K e 54 1 55 22
PRI, 5 BAR = & TS, i — 2D AT AL A
A A R TN 7 N 2 B | = W VA S B
543 T B 7 3 W] REAE AR R 1 R A A, R
R, Yue SF* 1 AF 58 3 W, 7 [ 44 88 358 1R
(SSA) AL ,9,10- & AL AT L — 2B A,
M 23 R HE B RN AR LD, DT B — A4 i & -k
A BT, 3 B T U N AR S e Tk H
Pro PUE, VRO BE A S BB I A% 1Y G B R 38,
S 2R Rk i S5 A A% O TR

IR G R R b g b8 R S 2R s
G| 7 R R i S R B e N A 7 K = Ko



7

www.hgxb.com.cn

+ 3759 -

943 A TP 0 A Dy A DR 7 A A 700 4 T 5% B I TRD ARG
W oy kAR RIE B ™ o an , TR AL R AL o 72
o SRR DT IR A EL T IR D R B
1) B g M AEL TR s A 2 SR 5 A i ™, AR
[ S Sl RS N v i O I A S S
Ocsachoque S WF 52 R, B2 J7 43 L 95
14 H,S BB 5 34 Ni 56 F1 Rh JEAE L7 52 4 2R 3% , DFT
TR — PR S, i 58 4 | AR 45 & he,
230 R E I R T AL, T AL T % PR A
ML B 0 & B  L E ik & 1 B s Y
FEALAE /17", Rangarajan 55™°5# i DFT 1155 %%,
1E CoMoS HEAL 71 Ay At 11 2% (S—edge ) I, N IE s bk
) 2 B0 R ik v T ME Y, DT 8 ] T WgE Wy 1
AR ERAR . AN B DT R A AR, SO A
PR )22 AT RE 0 IR R, Jr) F0 IR B2 e v T A0 R L
AR AR L ) 4 B4 Ak ) 9 oK R & AR A
% A9 B B R B AEORE , DA R B 4 T 43 1R Y
o AT R S 3 A R T RRL Bk 2>, 2 AN AT 3 1 4 2
SUNC - &4 G (R r A BN p i) LR (R IBU N i N
A T 1) 2 305 2 I 1) A7 i 8 A A A 7] 3R T 1) AS [
TGP S, AT AL T A S I 26 22 (8] 1) 251
5 , P ECEEA BN R KA S AR

TR A HR IR D 8 1) 1m0 R o R Ol B — A A
A AW I 4 BT EBRLIRR 2 — N R AT 5
SL 19 43 [A]AH ELAE T A B0 8 B A 5 1 B I 1Y)
EZ S 5 S M TR SN i<t 7/ DS G R T Wi /S S S
A PR A A Ak R0 35 A e AR T R B AR
G0 e IR TR R BRI D7 B g 22 AL B AR
HAE & RN M 1) I o BTN [A] 201454 BR
B IEHER R DL K 7S 1) o BHL AR 25 53, L i g 0 A
SN TG PEEASF R, Yue S5 B A58 2 B, 76 [
AR R PR i AL R) b B 9IRS B 5 9,10- R JE
PRI G PR AR R B AR, 31 5223 [a) 457 BH 488 /1N Ay Ze P
IS I o LA o 0 PR A A I S, DA 00 il 235 44
TS 2% 1) 3, T 35 A SN I 4% 1) ) s A
] B N B HEAT , 50 4 B9 A% 0 AR 53 [R) 5
75 SR ) 5 R] ) 22 ) Y T e Ry v
[i] 7=y i i 3 SR AR, A A &R b B AL A Fil
IEAE S 5 W B 4 o 5 9 A% DI W S A I AL
Guan S BFSE R WIFEZR I At A8 b, A i
(] 7 0 VO S5 25 5 A SR A 255 5 4 I, DA T 41 )
ZRINPIIR AL R . T B 02 X s rh ] = 4
AMUE BAs = Wi, KA Bl g2 5 2Rl

B, A B0 19 265 Bh 253872 o 14, Qin S5 R Y
ZR I B0 SN 2% (1] 4) 335 W b A 7% 173X — a5
BT AR S AN SR 2 2 P R
We i T ER | SR Al S i AR A N ) 22 F A AL
fo, e I e B U B 30 80 (3R 2 e ) 2= IR
Bk 2R =0 . S, OIS A I 9,10- — A
JEC T O S P2 M T e ] R BT B
2% PP SRR A, AR AR IO T B 2 1 A
TR | XS B 9 268 3 25 T A 0 o
2.3 REWHRFREEERNEZRIE

TEIR G B IR TR A, SO I 45 A T
FEAR I AR B RR I7 ke o3 S L A ] SR v S i, T
I FH 5 A IR B 5 sy 2 A R BIL AR 1 P Y 3
[ 45 SR A 5 1 3R Iy — i A2 2% Y R 5 A0
o AE SN R B B, i) T RO S TR 4
FAY ) 22 5 FRE T 5o 44 WS R, 5 2 S 2 23 D10 5 o 0 1
PERL R, U5 5 SO AR e AR W20 AL 5 BE A B TR
JEE BRI, A RS A R 1) 7= g TR Al 2 B s8] 30 JiE
11 R 2 8 8 5 4 Wb 1 AT B P-f 1R R | T 4t
1 1 1 14 ) A AN S 2 e A ) R e — -
7 , 300 230 ok S A Al SR AR A S ) S O % 5 e ¢
TE SN A Y, 3 o 2l 25 38 728 S ik ok 98 T B %
A, A REAN 2 A i I8 B 40y S 4 2 LT ) 4
ot PR ) et AP R L% P, 2 DR s 7 gk A v 2% AR
S 34 22 T AR b 7= 0 B b e, e 28 TR A 7% iy
(ENIBNE QTP TS TR

PRI, TR B A 5 4 I B 5 Sl A TR S R 45
052 2% O I 2, W AR AR ISE T A T 2 2R AR
ISR H e, AT BT 2 1, B %
A TE VAL BT 1] BE A8 1 I S I 3R I5 8h 5
PR R G TRER MG . UK, A8 T 2042 i, I
G55 80 )1 AR A I ROR , SERAE 2R A
ML S 2547 BN THEVC IC e 8] 47 2 ML i il
KA IFG1 S T 2% 1) B AR = Py 4 25 E T
W, 4 7R A BRI T R AR A L RS
7% R AL B AL Y S

3 W keI FIE A e e 1
(Fikais a
31 EHEROBEER

3.1 2By kFEL G AR BTk
HR i S B 5 R P D5 e v A0 A R SR



+ 3760 -

— A

(a) I AL BE R 43

plEion
Frfk

T T O mEITR
— MR

(b) IR ER 2>
K4 ZEIn a2 R i S o) 26

Fig.4 Reaction network of naphthalene in the hydrocracking process

Z—o WX R A 0 R | ko kAT
R4 , D0 AR A AR i I &0 e R R T
H¥ihiine .

TEHG B LA, 5t 4 )8 (40 Pr.Pd \Ru) 5E
B4 JE (WINi . Co Mo W) FEMEALIERE S5 2 T 14 7 1T
FEREZES . R LRE S RA LR
TS BN, Pe AL R © B T O R
AR ) R RN S LA PR SRR, 285 4 h Y RN
A5 8 i AR IR B T 559 BRI, B4 R

1391

PR 5 B R AR DL RO SR R B L R4 5 ) B
2 % 1 A ) 249 S R AR Tl o7 FH A R S0, AR
BZTF,AER &R B R R E TR i P,
Hor BAL YA (41 CoMo=S . NiMo—S ) RS AE
TEPERAR (A R A pims R P Eae ) Siaa
At A A BRI £ i e R S S 3 A IO AR

Ry G0 PR T AR AR R BT, L4 I %
& JEAEAL T BT TR 40 18] B BRI R0R , ok 42
TP BE A DB RIS o Jia ZE77E Ni S AL 7]



7

www.hgxb.com.cn - 3761 -

A Mo, JT il # 19 NiMo—MMO f 4k 5] X i 1 ¥ B
IS SR R R, LR A AR 95% , TREZ
S Py ik B T 90%. B SR, XPS ar TR,
Mo Y7 I ABZAE T Ni A6 2 BRI, Ni™* 2p, , U [6] (=1 fiE
IR A TR IESS T Ni 5 Mo Z [AIFF7E H.
FE A B R AR AR AT, X T N LG Y
TR Mo 7 LR SR R e X
I (U8 ) Kb 1] 77 4 1) W B 55 16 AR RE ) o AU,
X i 4 Ja T 4 AR B AR T R 45T A Ak TR Y 2 T IR
PE o ZRR T TR (NH,-TPD ) 5 itk g % f 21 4
3% (Py—IR) /3 T ik 55, 55 5.6 J& Ni-MMO # 1L,
NiMo~MMO HEAL T A= i 1 &t B 22 iy s iR oz, H.
TN Lewis TR o X TR A1 52 I T Ni-Mo Hp[F]
VR FH NS 4 Ja — 3R S T F 20 A ) 5028, AT A 2K
PRRI T 7 THIRIE T Lo X 2E Lewis R
FANAE g W B A o, A7 2800 B P, - A AR 24
Iy Rl A ) O P SR A S AR
IR AR TR R A v e

R Ak 27 2H LA, 4 T T R 4 O i ) BEAR 2R
&MU ORIAR B A 2 DR E AR I B A
PEERE A SCBE D 2R o e 20 H3RE e i e A i Ao
S FR R THIEA T M o B T AL (single—
atom catalysts, SACs) 5Z B T 7 4 9 i 09 Jit + 2% 53
i, SR T AL R o BB R BB AR o A,
Chen 25" i [ R Wi L (1975 & WY Fe,~N /RGO
MR SE B T 8k 8 I G o 0, e P A R
R — MR SO . A ERER S A
f#h 175 1 # 7 & fUBE (high—angle annular dark—field
scanning transmission electron microscopy, HAADF-
STEM) fyML 545 2R (18] 5) i d i 1T B34k - 141
8P BOIRSL 5 A3 N BN BRI RS T ST 2003
FRCRRIR S | 3 T 45 g DAy 955 P A 1) e KA R P B0
T I, Zhang F7HE I 1 4R A A N Ru B FRAL
A (Ru/Ce0,-S) , X FF £k W kG 41 45 #4 3% (X-ray
absorption fine structure, XAFS) 737 i 7~ , 41 A6 551
AAFTE Ru—O0 HE (FL A 029 4 3.8) , A 78 Ru—Ru
SIRERE S HN T HIE TR PR JFE
Ru/Ce0,~S 7 B G A M 19 i U8 8 S, Ru 5
THEAL I (9 TOF fE 2 0.0935 57, 1 1 48 Ru 44K 15
RiHEAL ] TOF (LN 0.0371 57"

RGP 5 e S AL R i 5 e — D
ZHEHNRWRGEMACTFE . 2 B AT ZEA A
St JE AR B B A AR AU R B 2E S i

o A\ .

K5 Fe~N/RGO BIIE ST TE5K9: (a) F 2 H 7~ i
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Fig.5 Morphology and atomic structure of Fe,~N,/RGO"";
(a) transmission electron microscopy (TEM) image;
(b),(c) high-resolution TEM image obtained under low voltage;
(d),(e) HAADF-STEM image and enlarged image (single
Fe atoms are highlighted by the red circles) of Fe,~N,/RGO;
(f) scheme of N,—Fe,~N, on the surface of RGO
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Fig.6  The proposed plausible reaction mechanism for guaiacol

hydrogenolysis/hydrogenation on Ru/HBEA, Ru/Silicalite—1""

5.1x1071%~5.6x1071° m
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Fig.7 Design philosophy of a bio—inspired self-activating catalyst for acetylene semihydrogenation™'": (a) scheme on the role of cilia in

airway mucociliary clearance; (b) electronic micrograph of ciliated cell; (c) delineation of the potential mechanism for
semihydrogenation of acetylene over PDMS—anchored CrO /Al,0, [Al (brown), Cr (lilac), Si (beige), O (red), C (grey), and H (white).

The C,—C, molecules, kicked away from the surface by PDMS chains, represented the precursors of carbonaceous deposits]
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Fig.8 Schematic illustration of electron transfer among Mo, C, and Pd"””
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