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Impact of Ni content on the structure and adsorption
desulfurization performance of Ni/Zn0O-TiO, adsorbent
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(1. College of New Energy and Materials, China University of Petroleum, Beijing 102249, China;
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Abstract; Using ZnO-TiO, as a carrier support, Ni/ZnO-TiO, gasoline desulfurization adsorbents with different
Ni contents were prepared by equal volume impregnation method and characterized by X-ray diffraction (XRD) ,
Mercury intrusion porosimetry, H,-temperature-programmed desorption ( H,-TPD ) and H,-temperature-
programmed reduction (H,-TPR). Meanwhile, the desulfurization performance of the Ni/ZnO-TiO, adsorbents
were evaluated using FCC light gasoline in a fixed bed reactor. The results show that proper increase of Ni
content has little effect on the specific surface area, internal pore distribution and particle strength of the
adsorbent, and can increase the Ni’ species with desulfurization activity and promote the desulfurization activity
of the adsorbent. When the content of Ni in the adsorbent is too much, the internal pore distribution of the
adsorbent changes, and the specific surface area and particle strength of the adsorbent are greatly reduced, which
is extremely detrimental to the desulfurization activity of the adsorbent. When the Ni content is 4. 45% , having
the best desulfurization performance, can reduce the total sulfur content of 3x10~* in FCC light gasoline to below
5%107°, and maintain the desulfurization time up to 152 h, and the breakthrough sulfur capacity is 11.24%
(112.4 mg S/g adsorbent). And the olefin content of FCC light gasoline after desulfurization changes little.
Key words: FCC light gasoline; desulfurization adsorbent; Ni/ZnO-TiO, ; Ni content
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Figure 1 Powder-XRD patterns of the
NiO/ZnO-TiO, -x adsorbents
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Figure 2 Pore size distribution of the
NiO/ZnO-TiO,-x adsorbents
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Table 1 Textural properties of the NiO/ZnO-TiO,-x adsorbents

Pore Average
ABET/
Absorbent . volume v/ pore diameter

(m™-g™) (mL-g™") d/nm
NiO/ZnO-TiO,-2.95 31.02 0.23 29.6
NiO/ZnO-TiO,4.45 28.84 0.24 33.1
NiO/ZnO-TiO,-5.48  23.78 0.23 38.1
NiO/ZnO-TiO,-6.49  23.40 0.23 38.4

% 2 Ni0/ZnO-Ti0,-x WM 3 & Bk oz B
Table 2 Particle strength of the NiO/ZnO-TiO,-x adsorbents

Adsorbent NiO/ZnO-TiO,-2. 95

NiO/ZnO-TiO,-4. 45

NiO/ZnO-TiO,-5.48  NiO/ZnO-TiO,-6.49

Particle strength/(N-cm™) 80.5

65.7 27.0 13.4
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Figure 3 H,-TPR profiles of the NiO/ZnO-TiO,-x adsorbents

it H,-TPR FRAE LI 5 #ik 5 Ni Fik 7
PR EAE R B . — M, 4 JE 5 4R 2 (R A B4R
FHAE S5, A TR B AR, WA A3 B 1) S A
{5508 T5 ZnO-TiO, % AR AH H1E F AR X 45 55 1
Ni** Py, i s i B ) S IH #6155 08 T 5 ZnO-
TiO, ZRAH B FI A A 250 1 N g Flt > iR
JEFCTL R kv, 28 WK B 59 R NGO B X LA R R, — 22
TR R I A5 2 A 15 M NGC P B D | S i R 5
(186 T S R Al SRR T 2 R R 5
HNIO JIURr (1) R ST, NiO 5 2 14 g AH B4R
SREERE AR, REIRAEIA N, NIO 5 Tio, #AkH]
(R AH AR I8 B A NIO i B /N2 B2 i) NiO/ TiO,
InE AL RS FAERE R A R, R 3 ATl
NiO/ZnO-TiO,-x W fH 57 H,-TPR #% K #4510 C
AR EA - EENAEFEE S0, ME
Ni P& 3G Wz B3R H,-TPR 5% B 76 B AT
FRHREE 470 C 4245 Tk M BRSS9 e 5 [ Bsf | LK
F NiO/ZnO-Ti0,-2. 95 W5, Ni ¥ & o i il H:
SRR B 40 2 3 D 1) AR IR 5 i A8 3, XRD
FENESEF 2 W B 50) v NGO R R AR 1 R, X
B, 24 Ni 08 & B BARET, K& 5> Ni PrFpre gk -
B ¥ 5), 5 TiO, KA — i B A B4R
FH 5N i R 35 i 45 05 B 550 v 43 NiO 5 ik 2z

[i] F4)AH AR iR B2 AR, R TR 43 NiO B 25 b 1
AR, RS RS 2 NQO 5 38 AR T AR FH 5 R 1Y)
REAIR N 5 340 D AT g S B0™ AE T 22 19 AH X i 2 19
NiO , 30K BT i S0 A ik A v 0 Ja o 04 A e
ks nt " (R RE S =2 T 2 NI TG ML K
JE A ) T BB A ot R Y
2.4 H,-TPD RAE

9T HE— ST NiO/ZnO-TiO, -x W ff 7134 5
Je R H N WIFP A Z5 A R 2 SR A H,-TPD X W bt
FIPEAT T RAF, A[A] Ni &8 1 NiO/ZnO-TiO,-x T
BF 570348 B 1 HL-TPD ARSI LA 4

NiO/ZnO-TiO,-5.48

NiO/ZnO-TiO,-4.45
NiO/ZnO-Ti0,-2.95

| | | | '
100 200 300 400 500
Temperature ¢/C

TCD signal /(a.u.)

Kl 4 Ni/ZnO-TiO,-x W {5169 H,-TPD i &l
Figure 4 H,-TPD profiles of the Ni/ZnO-TiO,-x adsorbents
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on Ni/ZnO-TiO,-x adsorbents with different Ni content
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Figure 6 Breakthrough sulfur capacities of the adsorptive
desulfurization of FCC gasoline on Ni/ZnO-TiO,-x
adsorbents with different Ni contents
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Table 3  Olefins content of FCC gasoline before
and after the desulfurization process

Olefins Alkanes Density
Sample
w/ % w/ % p/(g-cm™)

FCC gasoline 42.6 55.27 0. 6879
Ni/ZnO TiO,-2.95 43.2 54.71 0.6768
Ni/ZnO-TiO,-4. 45 42.9 55.10 0.6796
Ni/ZnO-TiO,-5. 48 42.3 55.96 0.6767
Ni/ZnO-TiO,-6. 49 42.2 56.16 0. 6842
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