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Adsorption removal of basic nitrogen from benzene
feedstock for ethylbenzene unit using HZSM-5 zeolite
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Abstract: To solve the problem of excessive basic nitrogen compounds in the benzene feedstock of ethylbenzene
unit, the adsorption performance of HZSM-5 zeolite, activated clay and waste fluid catalytic cracking catalyst as
absorbents was systematically investigated. The structural features, morphological characteristics, and
physicochemical properties of the adsorbents were characterized by a combination of analytical techniques, including
X-ray diffraction (XRD), scanning electron microscopy (SEM), low-temperature nitrogen adsorption-desorption, and
ammonia temperature-programmed desorption (NH,-TPD). The correlation between the adsorption performance and
material structure was also established. Results show that HZSM-5 zeolite exhibits highest adsorption capacity and
removal efficiency for basic nitrogen. After treatment with HZSM-5 zeolite, the residual basic nitrogen concentration
in the raw benzene feedstock was reduced to 0. 08 mg/kg, meeting the industrial specification. The structure-activity
relationship analyses reveal that the adsorption performance is positively correlated with the specific surface area of
the adsorbent, while acidity is not the dominant influencing factor. Breakthrough experiments confirm that the

adsorption kinetics follow the Boltzmann model. This research aligns with the trends of green chemistry and
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sustainable development, demonstrates good potential for industrial application, and provides new insights for

adsorbent design.
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Fig. 1 (Color online) XRD patterns of HZSM-35, activated clay

and waste FCC catalyst.
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Fig. 3 (Color online) N> adsorption-desorption isotherms and
pore size distribution diagrams of HZSM-5, activated clay, and

waste FCC catalyst.
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Fig. 2 SEM images of (a) HZSM-5, (b) activated clay, and (c) waste FCC catalyst.
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Fig. 4 (Color online) NH;-TPD profiles of H-ZSM-5, activated
clay and waste FCC catalyst.
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Fig.5 Adsorption performance of HZSM-5, activated clay and

HZSM-5

waste FCC catalyst. Black column represents the removal

efficiency (left axis), and white column represents the adsorption
capacity (right axis).
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Fig. 6 Influence of time on the adsorption performance of
HZSM-5. Square and triangle represent the removal efficiency of

basic nitrogen and the adsorption capacity, respectively.

FIAFEEYE, 2Bt Aot ] A% SE K 7 e BAF, o e 51
FEFDLTHH A

TEMZ B 0. 50 ¢ BLAULIH 10 mL, WERHASE 10
min S5E T, 5T W BB X HZSM-5 % {4 B
PRI, SERANE 7 s, 7 Al B IR
Fhim, BT 2R 2 I 23 R W B R0 10 I o 2 a3 T
ik, TE0 CHF, Pk 20 25 B 38 R B 25 12 4330l
94.77% F122. 18 mg/g; TE 50 CHY, F= 5K TN Fff
KR PIEZE 77.52% 1 18. 14 mg/s. —KIA A,
W B A, R IR e B A R B, Y
IR EBAER T WAERRE T, fe2Em e &
SRS I, 454 BET He3e i AR R EfE
[ RS2, I HZSM-5 W FRASEH8L3 Hb B w4 32
B AP, BEE R, YR HME
W, LRI ARATT T AT, R R PR R
FEAIK.

RIS AL S, DL HZSM-5 R34 kAl 2.
RAEE R R T B AL A . TR BB TR 10
min [, AS[EEREE R BORRPE R 2 BRFIEE RIS UK
AT N SR A A FEARHE S2. I S2 mT L,
TESZI IR BEYE LN, HZSM-5 393230 T 10 S
MvERE, HREERE TS, A LSRRI B
B 7830 CHF, BRPERE BRF N 91.53 %, 4%
AR STHCN 0. 08 mglkg, LT Ak ZR AR5 R
BRI TR A KT 0. 1 mg/kg IYEEK.
2.2.3 R HFAEEDL

TERIRIREE R 30°C, AR E S A2 h',
BRI 1 h BURE RO S50F T, R 2 [ i TR 2
137 3SR S 3G B350 %) shZS W BRF 2 s, A5 31k

BT WEBRELRE X HZSM-5 PERERY 0
Fig. 7 Influence of temperature on the adsorption performance
of HZSM-5. Square and triangle represent the removal efficiency

of basic nitrogen and the adsorption capacity, respectively.
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Fig. 8 Breakthrough curves of H-ZSM-5, activated clay and
waste FCC catalyst.
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Table 3  The fitting constants of the adsorption model
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e = 0.31 9.70 0.961 0.02 0.96 9.57 2.89 0.993
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