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Deactivation analysis and reactivation study on spent S-Zorb absorbents
QUAN Ya-wen, ZHANG Xuan”
(The Northwest Research Institute of Chemical Industry Co., Ltd., Xi’an 710075, China)

Abstract: A deactivation analysis is conducted on spent adsorbents from an industrial S-Zorb unit, and the spent
adsorbents are reactivated through using a dissolution-precipitation sequential treatment method. Results indicate that
carbon deposits and sulfides generated in dusulfurization reaction blocked the pores of spent adsorbents, the inert phase
Zn,Si0, formed due to the interaction between the active phase and the support reduced the active sites of spent
adsorbents , along with a decrease in the number of Lewis acid sites together caused the adsorbents to be deactivation and
reduced their desulfurization capacity. After calcination, carbon deposits are removed from spent adsorbents, and ZnS is
converted into ZnO. Subsequent dissolution-precipitation continuous treatment restores and reconstructs effectively the
pore structure ,and a small amount of mesopores with a size larger than 7 nm are generated. Additionally, Zn,SiO, is
transformed into active ZnO.The newly formed ZnO has smaller particle size and a reconstructed pore structure. A large
number of Lewis acid sites are generated on the reactivated adsorbents that show an enhanced reducibility and more
active sites.The desulfurization rate of the reactivated adsorbents reaches 91. 2% ,surpassing that of both the regenerated
and fresh adsorbents.Meanwhile,the loss rates of active metals Ni and Zn in the reaction residue are 0. 332 pg/g and

4.075 pg/g, respectively, which has negligible impact on the desulfurization and sulfur storage performance of the
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adsorbents.

Key words:S-Zorb; spent S-Zorb adsorbents; reactivation; desulfurization performance

S—Zorb 2 I W B BERRL A4 e AR
R M BRAT Sy 3 2B T35 ¥ Ni Fl ZnO AH Y 7
fiE B R A M AL T 5 22 1 S PO DA AR T
2 C—S P ZnO BYRLAR BN AL AERE I Ni
(R 3 H0E , 3 AT DA REAI AL BT BH J 7, Jnagt S M NiSx 1]
Zn0 HIFERS TR Zn0O MIREAL RG24,
H AT Tlb P A o R e ik BB U s A 15
ZnS AL MG ME ZnO" Rk B w] 86 4 1% SR itk
i v S A 6P A 5 2R A 21 43 A BRSO T
FHTHFE , 32 7S50 BR300 B0 0 175 A AL = A 391 [
P S—Zorb %% B AAFEAMEE I 1000 ¢ LA LY B
TR PRI GG 15 e [l AN 25 240

PATERTFE 22 SR T e i P RE 4 7 2R o 791 ke
ST I 2 I WA R S0 A1 AR AR R BRI T
A5 I B8 25 AR AL B UUAR | % T R B A
SR I RN 8 2 T A T 3 b 2% i S 7 %
BRI AR M A AR, [ RT3 T R S0
FEA 7 TG B AR OGN R A L LR |
BRGEA VRAL LA R 57, 80 % TR o, 19 B A 355 TR
BAEFRI , aboed 2 7 A T B Y Ak B Rt o £ i
R PN AR Sl g RO T R 4 5 1
I RS A R RE D , B2 L R BBORE 5 S0 Ok 1T
V5308 3o R R 1) 45 4 B L 3 LA v 14 LU SR T AT
SR IALEEAE I W) I S PEAR AR S AL, DR

Y78 B A :2025-03-21 ;&[5 H #9:2025-07-31

BEEWH . peri K aim (ER) A BRFTEA R RIT H (yesy2023ky-B-76)
VEB R AL SC(1983-) , 5 At B9 TR, BF 587 10 A 47 AL T, quanyw123@ 163.com ; 3KEF (1992-) , 3B A, TR, HF 55 J7 16 4 Toll.

fifl, imIHEE R A ,690718687@ qq.com,,



- 332 - FAX AL L

A 25 SR B, 52 156 MR 70 BB VT A B 7 it e &2
11,1 pg/g, AR 5 2 MR & L R b Ni
Zn SEIGPEAR IR R

AR A [ S—Zorb Tlb 2 B A9 E N EFT T2k
WA, R A — DOV 2 252 b 330 07 9 0 I ) kA 7
S WIS T R0 Ja WA A v o B RE LA
R AR I 2 [R)

1 SLIEES

1.1 SKEFHE

B AR ) PR R AR DA R B AR T T
BRI R A T PRVE A K A F AL S -
Zorb HeEIY PR B 16 Ab PR FH I - DUOE 1%
SRANFR DT B X IR R ST R R A B AR S K
10 g K5 beJa R B BeAR T, B 70 mL % A# 7,
FE40°C THEFE 2 hy B ST INUTIE ], 45
Hil SN pH A 9,2 h J5 B 25 3R, fieJe AT L g L T
PR e B 0G5

W B 590 A 1 RE I 7E 15 mlL [ 28 R /MR %E B
TR R R 5 mL, i8N S5 IR
J& 380°C 77 1 MPa B [H] 3 h; BB S5 i 2% 4 Sk il
JE 400°C £ 1 MPa Jiiitzs 5 h™' &L 200,
BFE 1 b,
1.2 SRR E

RN, W B BRHAY ( e RS A BR A R, V-
Sorb 2800P ) 47 W 77 A FLESF 43T 5 R X S 2k
F5H (XRD, H 7% Rigaku 2 7, MAX -2400) #E 47
v R 25 1 43 AT 5 SR FH A 27 W B AL ( 5 [ R 3 24
ChemBET-3000) 1172 1 A4 I 1 BE 20 BT s SR R
A5 B TR (1CP) X R ARV 4R B 7 A
I 5 SR FH 20 SRR PRI R 3K ( NH, - TPD ) X%
RO 7% 2 TR PR Mk A7 43T 5 52 A I A (L AR
JEZRALESAE BN T, SHO689 ) X J5 Ak vt 1 7 47 vtk 4

Frm s,
2 HR5iTiE

2.1 EFIREHRAR

BEEFR) A ) PR AR ) R L 25 A B D
1, KRR AFLA R 5L & v am Th i Ak
155 W o ) 2 o 9 A s P f L A9 a0 o 551)
AW AR S , NFR 1 AT LA 3 6 50) Y L 2R T AR A
LA SRR, e B AE IR AR 7, B e 2%
R o P FLZS T L SR TH R L TR B 3 — 2
/D R L 2 AN R A T A s oz 4 4 2 8 1Y) L e T

545 HIZT 2

FIFLAS, R AL SR L 3R T AR A T B2 IR ) 2R 0 1Y

JER 22— [R) BF X6 B A 50 AR A 50 AT LA B

o A 700 ] e g e P A K S RV 0 L 3R T AR AL

7, UL LB P R 3% 2E W R 20 mT e e o e e

FrZ

R1OHER BN GEN BENNFLEBEE

FEfh B PN RRAER FERAER

HRMERL(BET)/(m?-g™')  30.76  22.80 2490  29.00

LA/ (em’-g7!) 0.094 0.055 0.061 0.091

BT B TR AT A R A FLAR 23 A TR A
FLL B HEL 1 A] R, 4 Ao B 5R) a4 FL A2 53 1
PR B, FEIPAGTLE 3~5 nm Z[H], HrP |
FRLE VAR FIZE 8 nm 2245 AYFLAR i FUAR L T8
RSV A5 g, P LR A R O 590 A AN W7 S5 7 2 o
Ferf i TR AR SR i R P A R A A
Xt IR B0 FLAE 3 B T — R R b 4 2 o o875 R
LA A TN

0.012
0.010r

e
=
S
oo

LAALRAEE
(cc nm™-g)
(=)
> 2
s X 3

e
=
S
)

0.0001

0 5 10 15 20 25
fL#Z/mm
1—Hr ) 2— R A= 37 5 3— IR 4—F A= 571
H1 #reEd FAER BAEMN EAILE A HE

BTEEF) PR 5 AR RS9 XRD S5 AR 2
IR, L 2 el DU HB S50 H H B T AR AN
SR RSV LA S 0, VI IR B, U i 2O, i
AR S RS 10 S A B A AL B A o BT 53] o
AR RSN S AR A R AEATT S 03X DA I Si
AT AR B30 rh UG RE JE e R B0 I XA A, A
TR AT A TR0 ) v UL B 4 TR B R AL B 10
FHVRHIERT S 06, Ui ] <5 s A A 0 (00 1 LA K 1 PR
B AT R S B0 R R B B 08 P R R M £
A g FAE IR B BAL FE R AL L Zn0 , i A —
107 ZnS LR R E K IR AE T 55 R 59) r A Ak
S HE A LA R T AR A R, 1T HLATAE T 55 A2 50 R i
TEMRBELR I P AR 5 O A % 78 il B A 8 B AE 1 1Y
ZnO , 3 i BT B 700 v e PR A — ELIE B 7 ol
AR T JCIRIRE  MRFRIR XRD 5% AT LA B,
JREF) H 246 R0 A O A e e R, ok U0 P A R 51 Ok



2025 F 10 B
TG 2 H I PR o5 3R & A s oA B AR S B0 s v

oS EIID,

*7Zn0 < NiO
* ® Zn,Si0,¥ ZnS
22 ]

R .85 % U IS PR
I :t;& ‘! 3 K 3
R (|- 00 'S SO

0 10 20 30 40 50 60 70 80 90 100
20/(°)

1A 2— B ) 53— P A ) 54— A
B2 FrEml R A AR B A XRD i E

BER AR AR R BRI X SO
TR WA 2, IAFR 2 AT LUFR Y, IR A5 AR 5
I A TRV BRL G 3R 55 o 42 3 g 50 6 590 ), 0 1] 34 26
R R$ 570 LA 490 i P oA — R e O BRL AL, AR Bl O A
70 BRI AL B 7 i B, T LA s G RR 7R) AL S E
BRALEE, (RIS HEFR AR SRR A5, AT LUK B e
FA S 1] LORE AR A B BR

|2 OWEREN AR BENM X G
P b pline 6
el il Fp A P

TR mmatve FRABU% TRAEUG FREU%
Zn 36.58 39.9 39.3 41.9
Ni 19. 31 20.7 20.6 19. 54
Al 7.08 4.42 4. 63 5.05
Si 5.31 1.62 1.72 2.06
(6] 28 27 27 26
S 0.039 2.62 2.63 1.55

PR FGHT L ML RELT M an &l 3 B, A 3
AT LA H 152 550 R0 56 551 1 L WE 21 A1 33 Pl S AR — 2,
TE 1450 em™ PAK 1 490 em™" 45l M B0 T Wi i | H:
H11 450 em™ MM ISCIEEARER L AR, T 1 490 em™ Ak
BRI B R AN L BR AV 5 B A4 2L, e

LR Big—.
2 -
Y “LER+BR&
i \
= \
\
1400 1420 1440 1460 1480 1500 1520 1540 1560
/em™!

15 s 2— % 5
B3 J 70| An 3 8 55 09 otk v 21 5h 3

RN . S-Zorh EFIFEE DM R EEHR - 333 .

W B & ) HA PO HL - S8 B (Lewis B80) , 55
5 LR 0 RS AL, BB L R sy 04 MR o 551
Bis P . BERHIR R TG 5, FERR R R B AT W e Y
Az

JEFIRUBTEER A NH,-TPD 3% anfd 4 iR, &l
HAT 3 NI S 1 IR N SR, 2R 2 AR R
SRIRAYENN, 55 3 ARl R SRR . it n] JE
FVHE SEFIERAT 3 ol B2 BT, A [] A2 R 511 4 553
PR RS AR o HE A | SRR 2 TR 7R A 55
PR A FR SR R AT i LB 22 | SRR/ ik Ul W &5 v
5553 R R v it TR Y PR 7 AR R B 8

1

J ¥4

N\

NS

0 100 200 300 400 500 600
HREE/C
155 s 2— %51
H 4 JEF| o & 7 B NH,-TPD %

2.2 ERFIEEHR

AT 7R R 550 14) 25 B I R s 2 R LA 20 A
WP 5 B SRR He R i ARRIFL ARl R T8 fi
FR TR A0S 700 4 ATV B RS2k s B A [T
W) T H4 B AR S 36 50) B [l i PR DR TR R

100

M WBER A ion .1
b ILRMEE(BET)/(m2-g~1) 3076 33.54
L%/ (em3-g~1) 0.094  0.104

o
=]

=)
(=)
T

mmi/(cma . g—l)
8 8

(=)

00 02 04 06 08 10
AHXFEEJ1/(PIP,)

(a) S BB th 2k 1]

o
—
= 0.000 L T
0 5 10 15 20 25 30 35
L2 /mm
(b) fL&RsT 1

1— S i) s 2—
W5 B E | 5 % & | % 0 SR M b 2 A
L2 A7



. 334 . FAX AL L

>7 nm (FLECR AR 22 007 6 511), 150 I 0 500 42 30 oo A
HIR = T b LA

EEFIFHTEER A XRD 1501& 6 Fis, HE 6
AL ZAERI R T B A ZnO FT NiO A7 50
[ AEAERY ZnS 1 Zn,Si0, AT 55 Wt 35 8 10055 , 16
R 289 3% , ZnS Fl Zn,Si0, #HE 2 AP R
AR ZnO FH, 3X A Bl 42 = 0 BR300 %) J8 A 0
Ve, [N IR FIAE 20=36. 204k ZnO 1R 14 55 1
20=37. 3°4k NiO W Fy 2 U 55 241 T3 6 5 1, 6 W)
ZIEFI T ZnO A1 NiO DU /N Sk R 77 H Ay
PR BT, P2 T M TS M, BEAIR T BN NI AH 1]
ZnO HFERE BRG] , 32Tt T AR i AR AR

*ZnO0 ¢ NiO

roe ZnZSi04 vZnS
*
*
¢ * *
* *
2 °

T ’P ¢ *
Mo % * T
LI VAU S St Y

B

0 10 20 30 40 50 60 70 80 90
26/(°)
1—R I 22— 57
W6 & &R FnH & By XRD i

20 TR 5 (R RE LT AN an ] 7 FR ., A
Bl 7oL M, ZIGRRMHE T LER.B BRA L+B
1R 3 FPEAR R R B T L R AT L+B 2 2 F
ZR M AR L2 TH R, RAE 20
BHMRALE, B2 LRI X TRERZ M T&E
TV ) 5 S8 AR S I 7 A R RS , Sy W B S 4t 1
2 Sy W A 5, A, ST R SR AR By 3
WA T Sy SRR A5 s AT Sk
—L® gmam B

A

1
2 - A~ i

1400 1420 1440 1460 1480 1500 1520 1540 1560
BB /em

1S3 5 2— i e )

B 7 B Fn B ] A e nE 2r A i
ST F R T & 5] A NH, - TPD 3% 4N &l 8 Fii,
M8 i LIE Y, B IEFI) L R IR = U 1B ek
3R AR AR A I AR A R T AR R 4R
(T B, 1 T 42 v W R S0 o v L R A R i, 1T EL
FTHE AR R K E AR TR T B IR

55 45 &IBTF 2

R AR SR i oK e, A 21 B R
AL R, R T B U R A2 e MR S A M T Ak
A IR R A i

R

\;\ ) y
N 7

l(I)O 260 360 460 5(')0 600
REE/C
153650 2— B )
B8 & & | An 3T & 7 ) NH,-TPD %

SZIGFIRE LR A H,-TPR 35401 9 Fin, M

& 9\l LI Hi, 400 ~ 600°C 2 8] B T — 1R 56 il

U | VA SRy 2R AR T4 B0 NiO | FLIE P SR FE 19 NiO

DA R W it 350) [ AR 6 T ZnO 38 IR o 2805 42 1% 1Y

REFSRI R S e & AR T BH 5 AR Ak, 203 5 FRT e

FIREN BT G, —F R R A B AR,

{HA 5 S A3 T A FE o B e TR e R Y, I

T A NiO 78 JB AR S5 02 HiF 491 Ay T s it B 8 o T

SEFR] B 221 NiO BB 7oA Ni BLJ5T, 2 1 IR i )
B A At 3 P 7 B

0.35} 1

0.30F oy

0.25¢ 7\

0201 / \

Ho.15] / \

0.10¢ /

0.05} S — |

0.00 . .
300 400 500 600 700

REE/C
1— 5 3 32— B )
B9 & &R 53 A1 H,-TPR %
2.3 HBimEREREBREENR
AT 7R T 3R R A ) ) TR T A 4 SR n B
10 7R, MIEL 10 ATLLE Y, AR50 O fef 5700 A0 A2 06
FII R A3 510 78. 9% .89. 0% 1 91. 2% , Vi %

91.2 89.0

78.9

SEH WA LR
B 10 2 3E | B & I A £ A B i i 4 R



2025 F 10 B

28 32k e Y A B A S A P AR M T 3 5 551 7K
SV T 8 3k 53 A R0 4 1 2 T i T 2 i ) K
Vo SRR R AR TG AT DA RO

JRE AV A3 i SO A U T 453 S S - i 45 R L
3, NRIFUAEN, N RET Zn BT 58N
0.022 1 pg/mL,Ni B &M 0.271 7 pg/mlL, &
W, B REN 3,32 ne F140. 75 pg, LA
JRE R A2 3% b B A S B 452K 30300 R 0. 332 pg/g
H4.075 wg/g, LT, R GG o B s vk 4 s
Ni FE ARG I8 Zn F450 < S8R /I, XoF Wi B 5] 1 ot
T g Bt e LT %A w2

®3 BEHNEEEREARTLESFSE

LEEF SR/ (pgeal™)  BKE/pg BEFE/ (pgg!)

/n 0.0221 3.32 0.332
Ni 0.2717 40.75 4.075
3 #ig

(1) JBEmR 52 107 A 18 AR R A 49 0 AR AE T 57
FLIE H B SR AR AL AR AR 5 PR S A
HAERITE S A Zn,Si0, B TG AL 8, DA
T B0 L TR A 4 2 T A R 5 14 K 95 R
TR BE T FEAR

(2) R 2 e AL B, i TR 9 5 B | ZnS
FALR 20, ¥ - DITE S AL PR ), HALESFI 15
BRI 774 T A ER>T nm B FLE5H, [F]
i Zn,Si0, F Ak M s P Zn0, BT LAY Zn0 HA T
INBPREAS . AN R 22 LA B R A ST AR B
A T2 LR AL, 1T LS 57 Ak A RE A 2]
T A T ZREEALA

(3) Zead S 15 04 R 700 HAT A 790 g 14
SR, I ELAE TR P 22 B -5 5 i g e 550 A
Y, RN SR s NG R )
Zn PR AR /AN X8 BRS04 J5E 82 A0 i 4 44 i L
FEA R,

S 3k

[1] Huang L,Wang G, Qin Z, et al.In situ XAS study on the mecha-
nism of reactive adsorption desulfurization of oil product over Ni/
ZnO[ J]. Applied Catalysis B: Environmental , 2011, 106 (1/2) .
26-38.

[2

[h

Bezverkhyy T, Safonova O V, Afanasiev P, et al. Reaction between
thiophene and Ni nanoparticles supported on Si0, or ZnO:In situ
synchrotron X-ray diffraction study [ J]. The Journal of Physical
Chemistry C,2009,113(39) ;17064-17069.

RN . S-Zorh EFIFEE DM R EEHR - 335 .

[3] Ryzhikov A, Bezverkhyy I, Bellat J P.Reactive adsorption of thio-
phene on Ni/ZnO:Role of hydrogen pretreatment and nature of the
rate determining step [ J ]. Applied Catalysis B Environmental,
2008,84(3/4) .766-772.

[4] Zhang Y, Yang Y,Han H,et al.Ultra-deep desulfurization via reac-
tive adsorption on Ni/ZnO; The effect of ZnO particle size on the
adsorption performance [ J ]. Applied Catalysis B Environmental ,
2012,119/120:13-19.

[5] Meng X, Huang H, Shi L. Reactive mechanism and regeneration
performance of NiZnO/Al,O;-diatomite adsorbent by reactive ad-
sorption desulfurization[ J].Industrial & Engineering Chemistry Re-
search,2013,52(18) :6092-6100.

[6] ZEMS, ARV RIS LR S Zorb Fe AR JELEAR [ T Hrih
ARETH,2014,(1) :6.

(7] 5ok, PNERI, 5k KW, %S Zorb W51 G [l S AN L]
R E AR5 TR 2014 ,44(4) .45-48.

(8] XIf&#.S Zorb Wi VCIMA B AR [J]. 57 & AL 12,2012,
40(1).5.

[9] Huang L, Yan L, Tang M, et al.Effect of pretreatment on the ad-
sorption performance of Ni/ZnO adsorbent for dibenzothiophene
desulfurization[ J ].ACS Omega,2018,3(12) :18967-18975.

[10] Oh W,Lei J, Veksha A, et al.Ni-Zn-based nanocomposite loaded on
cordierite mullite ceramic for syngas desulfurization ; Performance e-
valuation and regeneration studies[ J ].Chemical Engineering Jour-
nal,2018,351:230-239.

[11] Greish A, Tsybulevski A, Tkachenko O, et al.Reactive adsorption of
sulfur compounds by transition metal polycation exchanged zeolites
and desulfurization of hydrocarbon streams[ J ].Energy Technology,
2017,5(9) :1627-1637.

[12] Liu Y,Wang H,Liu Y, et al.Reactive adsorption desulfurization on
Cu/ZnO adsorbent ; Effect of ZnO polarity ratio on selective hydro-
genation[ J ].Energy & Fuels,2017,31(9) :9930-9938.

[13] Ju F,Liu C,Meng C,et al.Reactive adsorption desulfurization of
hydrotreated diesel over a Ni/ZnO-Al,0,-Si0, adsorbent[ J ].Ener-
gy & Fuels,2015,29(9) :6057-6067.

[14] Qiu L, Zou K, Xu G. Investigation on the sulfur state and phase
transformation of spent and regenerated S zorb sorbents using XPS
and XRD[J].Applied Surface Science,2013,266:230-234.

[15] Wang G, Wen Y, Fan J, et al.Reactive characteristics and adsorp-
tion heat of Ni/Zn0-Si0,-Al,0, adsorbent by reactive adsorption
desulfurization [ J ]. Industrial & Engineering Chemistry Research,
2011,50(22) :12449-12459.

[16] HEF MK (LB ) .S=Zorb 15 W B0 A i 751 Ak B0 42 3% 5 325
201510329719.4[ P].2017-08-08.

[17] " E AR 2% (7). S - Zoth JE W B 70) 19 &2 36 7 %
201510325608.6[ P].2017-05-10.

[18] 1. S=Zorb MBI MG [ D]. 5 &« b [ il ko
(1E7R) ,2018.

[ 197 P TRIMIBERR S—Zorb J2 W B 30 &2 0 1) Pl R A58 [ D]
T8 AP E AR () ,2021. 1



