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Abstract: The hydroisomerization catalyst is a

Cracking products

metal-acid bifunctional catalyst that provides
addition dehydrogenation function by metal

component, and acidic component provides
isomerization function. Hydroisomerization can

effectively reduce oil pour point, provide low-

temperature flow performance, and improve oil o 3 i
quality. The ZSM-22 zeolite was modified by ion Sioral "> Dol "{):}' 8 92 B s W s

Yieldwt%

exchange, molding and loading methods to
Higher concentration of Zn

obtain  different Zn  loadings. The
physicochemical properties were characterized Less Bronsted acid site and lower value of B/L ratio

by X-ray diffraction (XRD), N, physical adsorption-desorption (BET), X-ray fluorescence (XRF) and pyridine
adsorption infrared (Py-IR). Ni-based hydroisomerization catalyst was prepared by using modified ZSM-22 zeolite as
an acidic component and Ni as a metal component. The heterogeneous pour point depressing performance was
evaluated by using Fischer—Tropsch heavy diesel oil as a raw material in the fixed bed reactor. Liquid and gas products
were measured by off-line gas chromatography and on-line gas chromatography to calculate diesel yield. The results
showed that ion exchange had little effect on the zeolite structure, and Zn species were highly dispersed on the surface
of the zeolite. The Bronsted (B) acid content of the catalyst had a significant effect on the activity. The higher B acid
content, the higher activity of the catalyst. The introduction of Zn in the zeolite reduced the acidity ratio of B acid to
Lewis (L) acid (B/L). With the increase of Zn content, the B/L value decreased, the yield of isomeric hydrocarbon
increased, the cracking reaction was effectively inhibited, and the diesel yield was improved. Loading Zn could
significantly reduce the cold filter point of heavy filter, and the cold filter point rose with Zn load content increased
gradually. When the metal hydrogenation performance was the same, the matching of the metal and acid sites on the
catalyst and the heterogeneous performance of the heavy diesel were improved with the decrease of B acid content.
When the cold filter point of diesel reached the requirement of -10# diesel of China VI National Standard (cold filter
point -5 ‘C), the yield of prepared HI-3 catalyst reached 90.65%.
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W OE. RHBE T, R, AERTEN ZSM-22 4 TidAT o, B3I Zn fE K ZSM-22 7- T8k, it X 4
TG No PRI B — B3t Bk B M e W P T 7 SR AE A PR IR - PAESCME ZSM-22 43 F i IR 20 43« Ni v @ 20 43l 4% Ni B
SRIMEALTT, DL T I S N FORI O JL A BRI AT AN . S5 SR, BT TR MR, B Zn R4y Tt R
T 2 s Bk 20 T 0038 Zn 7T 44K Bronsted (B)ER 5 Lewis (L)BR IR & LLME(B/L), HBE Zn 7SN, B/L HEEK, 5
MRS, AR SR, SRSt . 13k Zn 7T RRAR A SEA R R, BE Zn SRR IREHR L, AR BT
EERIMEERMFIR, /> B RE & G R THF AR Fa @A SR (VTS & B 2 S J A vk ge . LA Zn SEREN
0.42wt% ] Ni JE 53 075 fH 1 771 75 S0 P ¥4 i R 3 [ 7S 25 FH S A - 10758 B SR (A =5 O, SR AT) ik 90.65%

%A Zn Betks ZSM22 ) O SHEEAEN: IASHY

FESZES: TE09 XRAFRIRED: A XERE: 1009-606X(2020)01-0116-07

W= BRI RN B T IET MR ERE, X
=

SR o) yeh A SIS AR B IR v v R ) R R AR
2 PR T A SRRV B A e 0, PR
A5, CAEMGER AT, ARG TR EREE, %
FEE S A ISR )G BAA /N E, (IR R
GRS S W (>30 °C), oI ELREAE A .
S RN TT FRAR 2R AT S A A, SRR KRR )
VERE, OGBS T AR E AR AE R S A
JEHh & D AR B R, ORI K .

INE SRR & BT T RefiE AL TR], H& s
RGN/ ST RE, BRPEAL St R AL T RECSI,
TE TE R I Ja8 10 & S ) B e 4 LR 2 ) e 11 4 1 Ui
FEA Beta, HY, ZSM-5, SAPO Z 41 #1 ZSM-22[1:9-131,
Beta, HY 1 ZSM-5 4> ¥ i BA + oA+ o3 i =
PR XALIE, 5 FBKERERM, NEHTKERE
TN S D411, AR, BL ZSM-22 73 IR It
273 1 A B e e in S S ) e N 3 T A2 B Ok 021
Huybrechts ZEP2LLIE A+ )\ Ji(n-Ci) MR B EYD, WL
Hoxt PYZSM-22 F1 PYZSM-23 HIINA Skt fg, KIS
GANREE /B o s e T = R T N R AP TR SN
ZSM-22 1R VEL 43 1R R A 1 BV 35 51 - Baeck 5512324
KRB TR & T Mg/ZSM-22 731, FIAR[REK
FERIRSRR AL FIHAT B BoA L W2, KIRIKE S B )

Mg/ZSM-22 73§ AT RE e AL AL B, R AR o R Ay, LA
BT R 7 T 5 T SR TERE . Strode 5512
AN Stave ZE2SHE 710 1 5\ Ga, Fe 5( B %5 %51, A
o7 B BRALAISESS . H AT, LA ZSM-22 ARRTEA
I HIINE A HEA I T EE DL Pt g )m sy, DIRLAE
B RTRER oy IIL4200 P i/ SRR R, T R
XD REREALT h ) & R -FR HBEVC AT, (HAAE =, H
RS 5 S S A UK ZE B

A TAFCLT S E S N Rk AESt &R Ni
SJRM Sy Zn U ZSM-22 43T A ER ML 4, W5
T Zn Xt ZSM-22 73 TSR TERR . BRVE 734 AN
FIVERERISZM, B T #iiA B RS L BRELGIZ dE
T e SRR T RE VL IC S At AR AL P RE A S8, 9 AR Bt
NS A A A AR A SR Al T FU e -

2.1 LHWHR

AR ER RIS R B (o M ali, [ 25 B Ak 77
BIRAF), IRWEROTa, LR T ER A R
EAFD, RO TEL, RETEM ARG A
FRZAED), ZSM-22 43 Fifi(Si0/ALOs BER LA 70, FE R
b THRAR), EABATI SRR A
Al), HER LA BAE AR R A F).
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2.2 EHFIRHIE

Zn MMy TR ZSM-22 4r TS5 0.2 mol/L
Zn(NOs) IR A, 80 C N EFA#: 8 h, HEE K
PekaE M, 1200C F T 12 h, FF 550 °C FRRE 4
he % FRTTES N EE W 1,2,3 IR, 19AF Zn 513
5T IR A .

T IREARIIE & 4 AEL 70 g ZSM-22 43T A
ANF] Zn BEE R T iA S 30 g ALOsIRA, A
2.5 g HEME NI 3 g IRIHIRF 2 ¢ FrigiEN
W, IAKIRE B S G RN G L, 48 ibE
BA 30 min EHIFRLR, B ESFN B H R
TaER . HEURLE 120°C FHET 12 h, 550°C TFREkE 3
ho BUPERCEL )5 F iR # ik 1% Zn gk il dr &N
Zn02-1, Zn02-2 F1 Zn02-3, K &Pk 4> 7 0 84k N
ZSM-22.,

I IREAGT B 2 O i A4 PR R K 2 I o]
— B R FERATA Ni(NOs)2 6H.0 ¥, 73 izt 4 Fh
TR, 120CTFHT 12 h, BT HIBlH 420°C
RERE 3h, HI1F Ni B INE SR MAE ], NIiO & &%
12wt%, 439648 HI-1, HI-2, HI-3 F1 HI-4, XF 851
fiE A Zn02-1, Zn02-2, Zn02-3 1 ZSM-22.,

2.3 fEALFIRLARIE

2.3.1 Z5HRAE

fl D8 ADVANCE ! X HfiT U (XRD, £
BRUKER 72 )il 5E AL 4548, Cu #E, Ko 514k,
WK 0.154 nm, EHL 40 mA, EHIE 40 kV, G
B~ 15°~75°, F#5E R 3°/min, K 0.02°,

2.3.2 No VB It

HEA R EE R TR . LR A2 fL42 . ASAP
2420 T EE fi A (BET, 32 [E Micromeritics 2 &) )& o
HEALTIIAE 90 AT 350°C R 70 I L < HALEE 6 h, FHEEA&E
W E N W B - B %R 2 (-196 C ), H
Brunauer-Emmett-Teller /21T H LRI, FH#SH%
PRIEFD t-plot J7ETHEFLES

233 JUESHT

F ZSX Primus 1T 8¢ X 25866 AU(XRF, HA
Rigaku 2> &) 5E Bl or F I e 3 & &

2.3.4 BN %

Bl AL ) Bronsted (B)ER AT Lewis (L)ERIK 5 F
VERTEX70 M4LAMEREAC (R, 35[E BRUKER 2 )il
SEo Y HIEL 4 FMEALTIZ) 15 mg JE A, BT IEA SRR
S h s, BFETHEE 350 CHE 2 (E 11<1072 Pa)if

TRAREE 0.5 h, B2 = 1) B A v s N ILERE , R B
% 15 min YR, HHES IR T2 5 FHR 2 200 1
350°C, MEPf 1h, FEESENERES L IMERE,
2.4 IR RETTEN

DAZRAE H S o JEORE, 7R [ 8 K R B3 E PR AL
FIPERE. BATIEEEEAN 6 mL (20~40 H), #ERFIE
370°C. W Hy SRR R 8h, [BERFE 330~345C,
WifAZS 3 2.0 h™!, JE /7 4.0 MPa, Hy/Oil=800. f4L73F
Wit FE R 24 h — ST AT SE SR B A HE . S
I BT A AR AN S AR =) W 43 I 25 4k 7890B %Y
AR EECRT 6890N A AH (1A% (3 [ Agilent A F])
AT

FEY) R SEHSCR Y(%):

_D(1-x)
- F

Y

X, FOyRERE (), 9B AL S i+ U &
D NTERHE(Q), HIHLTFFARE, x A Hrh<150 CHEZY
MIF &, IRIEH AR EAA .

3 ZREIT®

3.1 HiRRE S

*® 1 % XRF WASAR 5 F Ik 1) Zn s
SiOy/ALO; BRI .. HRATH, ZZIRETLH, 75T
07 2 T AT AR RS B Zn WA, BEASH B N Zn
T EZRHRE, Zn02-1 £ Zn fiEN 0.19wt%,
Zn02-2 N 0.33wt%, Zn02-3 N 0.42wt%. % AKK
SiO/ALO; BE/RELHET, R 2 IKE T HA KW 5T
7 P R 5 o

*1 RS FIHEAR Zn F1E8E M SiO/ALO; EE/REE
Table 1 Zn loading and SiO2/A1203 molar ratio of different
zeolite carriers

Zeolite carrier Zn loading/wt% Si0,/Al,05 molar ratio
ZSM-22 - 74.78
Zn02-1 0.19 76.38
Zn02-2 0.33 76.92
Zn02-3 0.42 76.99

Kl 1 A ZSM-22 431 ifi ) Zn BtPEs it A 1)
XRD . BHEWHL, S ifiEdA Zn02-1, Zn02-2
Zn02-3 7£ 26=8.1°,20.3°, 24.6°F1 25.7°4L /) TON $hFh&h
FRRRAE AT 0, 26 W AR N Ak 23 70 AR B Zn
WIRFIERTSE, RIHFIH b Zn BRI, HEEs
B, KT XRD KRR .
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Zn02-3

N
Zn02-1

Intensity

20°

1 Zn SUERT G ZSM-22 43 T i) XRD %
Fig.1 XRD patterns of ZSM-22 zeolites before and after Zn
modification

3.2 HFRAIMR

AN TE AR () No W PR St B I 2 P 2 sy Pl T
K, 4 FhEAARSLE R IR X BRI, RUIAE—E R
HERRALET281, [ IR AL, SR W24 il S LE R THTAR
Bellt. & 2 8 ZSM-22 43 0 Zn SUHERT A IR T .
HRATH, 5 ZSM-22 73 FifiAfitL, Zn SR 710

Zn02-1,Zn02-2 F1 Zn02-3 FIFLILR AR ShEEER AR
JR R ARARNA KR, LEMALEME)E Zn fiEE
SRS AT YR, %SRRI AE) Zn YRR
BUIR, 5 XRD R WiG, H AW Zo PR IiARE S+
L P BAL A IS A PRI

Quantity adsorbed

L L | L | L L
0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure, p/p°
2 Zn SUMERT S ZSM-22 431U No W B — it e it 2
Fig.2 Nz adsorption—desorption isotherms of ZSM-22 zeolites
before and after Zn modification

F2  Zn¥MHRIE ZSM-22 ST IFRIRHME R
Table 2 Texture properties of ZSM-22 zeolites before and after Zn modification

BET surface area, 4/(m?/g)

Sample Pore volume, v/(cm?/g) Pore size, d/nm
Micropore External Total
ZSM-22 173.49 63.39 236.88 0.23 14.27
Zn02-1 165.79 61.31 227.10 0.23 14.61
Zn02-2 180.12 61.70 241.82 0.20 12.92
Zn02-3 162.05 58.74 220.79 0.19 12.32
(a)200C (b) 350°C
ZSM-22 ZSM-22
e AN N 2
& - z
g | Zn023 8 | Zn02:3
= S

Zn02-2
Zn02-1

. | . | . | .
1400 1450 1500 1550 1600

-1
Wavenumber/cm

Zn02-2
@M/\_J\_——«

. | . | . | .
1400 1450 1500 1550 1600

Wavenumber/cm™'

3200 A1 350 'C R AN F 31 B A AL E I B (2T AR
Fig.3 IR spectra of pyridine adsorbed on different zeolite carriers at 200 and 350 ‘C

3.3 EIARIBR M RAE

HE 1 W B ) 20 40 D 1 (Py-TR) B FH T 58 3 1 7 4%
BRI R 27, 1B 3 9 200 A1 350 °C R AN [F] Ak i
W B ILT A S, £ 1545 em™! AR FSLIRIG AL IEAE B

A bR, T 1455 em™ A F)FLIRIE NIEIELE L 1R
fr L AIWR . 1490 e ARHIFLARIGE L N FE L BRAT B
12 b e 77 3L FEE G 5 SCHR[29,30] /454 —
.
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Csw(umol/g):
Csw=AS/me

A, 4 AFEARIEPAF A (em™), S RGBT
R (cm?), m AFE MRS T (), ¢ NIRVEA
M BE IR Y 6 2 B (cm/pumol), H ' £5=0.059 cm/umol,
£.=0.084 cm/umol?l,

AFEFFImEAR) B BRA L BRIMER BT 45 5
R 3PUR. HEAH, 5 ZSM-22 5 FiitfLL, Zn St
JE oIS R B X B BREIIFC, HEf Zn fEkEY
., B RS EZWD, LREELRBVNEM, JHEH

=3

AIRER Zn RN, 4070 B Zn 5 Si-OH-Al
YER ARG Zn* [Si(ON)AlL,, 7T 7 7 73 10 i A 2 R VAL
&, SEBRA L RS ERNWED. Y Zn fERER S
B, &8 Z M Zn(OH)" T #8808 MR 2= A BAE
AR Zn-0-Zn, 545719 EH) Si-OH-Al J B A4 Bl
{[Si(OM)AL]Zn**},0 (L 1R), T B R & &t — B EAL,

L R HE A7 19 I3, 430t B A 1) 5 B IR 2 B3 2y ZSM-
22>7n02-1>Zn02-2>Zn02-3. & B iR 55 L BREMHE
(B/L)F N ZSM-22>7n02-1>Zn02-2>7Zn02-3, J5i[A &
Zn> 55 T ZSM-22 A B B R, LA L BR R OMAF
16, MU 7 WA R IR =R A0, SRERH O

HER Zn M RTE ZSM-22 S F IR E

Table 3 Calculated acidity of ZSM-22 zeolites before and after Zn modification

Acidity at 200 ‘C/(umol/g)

Acidity at 350 'C/(umol/g)

Zeolite Total acidity/(umol/g) - -
Lewis Bronsted Total B/L Lewis Bronsted Total B/L
ZSM-22 283.7 30.8 112.3 143.1 3.65 28.7 111.9 140.6 3.90
Zn02-1 219.0 248 89.3 114.1 3.60 24.5 80.3 104.8 3.28
Zn02-2 173.6 234 66.4 89.8 2.84 224 61.3 83.7 2.74
Zn02-3 178.3 26.4 66.2 92.6 2.51 254 60.4 85.8 2.38
3.4 BEFIFEN 5
PLSRAT SN IR R 82 T 4 R a1 A0 77 B0 o
SSHITERE . 1 4 o R BLRE X SE A IE I . H o
P TT 5, il s ST B T, P D ST R VA8 R IR T AR g sk
N N N — N — Ny N Ay =y
235 B (5 S 25 563 bR vE—107 S8 (0 F8 bR (A JE AN Z 1oL Catalys
=5 CHIF, AL S SR BN HI-4<HI-1<HI-2< éw’—FMI
S N = N = =l T —e—HI2
HI-3, SHEAIN B B E AR, BREEKE, 3l ahs
AL PR B, S IR FE RIS o AR F R BELE R, Zn 20 —v—HI4
M- 2 e N Sl el B Y FOUA Y o8 _ K I L I L I . I . I . I
ﬁﬁﬁ%mﬁ@QWHKEMGﬁﬁmﬁﬁHM> L S v —
HI-2>HI-1. HI-1 f#A6FITE [ SR E R 345 CHE, P21 Temperature/'C
‘/‘\:@){—i g o , il A7 7 Pl oy S e | =l ) ‘ o i
B RN-21°C, R HBED TIH R A S 2R T 327t B4 R D 0 L 1O v T 4

HRHERE, HEE B Bt — PR, fEfbA) b3 ig
B, SEAPEREREAS, A UE RUEETIR &

Bl 5 AN [ A0 TR T S UST 22 of 74 8 R PR )
5] ST S 12 8 2 (A9 (A i N [ B e
T, A JE ST N HI-3<HI-2<HI-1<HI-4, 45
G No VBRI B B0 RAE LS R, 4 Fhaiik BAG AR ZR
R, EME R RS, RN RN
F A B P A E R P 4H 4y b A AT A% TR 5. AR X
DRe AL HLERBY, TER bR 4 Ja A bk A R R AR
R G, IR B R RN R A R A BROA TR B b
IEBF, 1 B RRERIRMENT ¥, IbidFE B ik E3EH,
L B EERH . @@ na s oL, B B B2

Fig.4 Effect of reaction temperature on cold filter plugging
point of -10” diesel oil for different catalysts

SR, M4 B-BR DR M ILEC M S, 1
T 8 - SN 1) S ) R (A4 B 5 O AR 2R IR, 2 2H 47 1
Z, HASTPHTHS FWELM, EWREERS,
A8 SRR B R B, LR B IR S R S A4
TSR REMIFR T S8 A IE SON-5°C, SihICR I
J¥ A HI-3>HI-2>HI-1>HI-4, JRAE Zn 1] 448 ZSM-22
ST B 5 L BRIILEB/L), B/L EEEAFIT
Ni [f1& 82685 ZSM-22 MR T REVLALD, {232t 5 44 [a]
SN RN PR D Sl e St = P SR VG 1 | IS S
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1
5
o L
2
)
2
CR | B S S
S
o
g Catalyst
= r —s— HI-1
5 -15F —e— HI-2
© i —a—HI3
220 - —v—HI-4
| L | L | L | L
75 80 85 90 95

Yield/wt%
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Fig.5 Effect of diesel yield on cold filter plugging point of
diesel for different catalysts

RSN, $RESEcR . ] HI-3 AL, 2958 1)
A s - 10758 ZR I, AT 5L 90.65%, FRIN
T S G T R 55

R 4 NATE Zn FEE T 5T AL FIFEAS [F] R
TN AR A R A PERE, Cro FIRAL AT
(Liquefied Petroleum Gas, LPG) A AH (il 71 28 3 #r 1
SARFEY, Hoh Co NS 1 AN 2 Bk AR, Wk
AR F BB A 3 M 4 Bk RERE, <150°C,
150~280 CFl 280~370 ‘C /3 A AREA R 14> B, Jdid 18
MG R EAG . HRATH, Sl U8 SRR,
Zn Bk ZSM-22 43 Ui 4k A 71 S i 2 (> 150 °C 1=
Wor A AR A, BE Zn SN, Seah iR g i .

F4 AEZn SERNS FIRELTIBNSHFELIERE

Table 4 Hydroisomerization performance of heavy diesel using catalysts with different Zn contents

Product distribution/%

Catalyst Temperature/C Cold filter plugging point/'C
Cia LPG <150°C 150~280 C 280~370 C >150C

HI-1 330 0.10 1.52 3.23 17.19 50.80 95.16 -
335 0.20 3.02 7.00 22.65 46.14 89.78 -1
340 0.30 4.83 9.36 21.58 43.95 85.51 -8
345 0.52 8.39 16.88 23.38 36.86 74.22 -21

HI-2 330 0.07 0.88 1.68 14.90 52.97 97.37 -
335 0.16 2.65 6.11 19.93 48.31 91.08 0
340 0.26 4.52 8.16 19.05 46.18 87.06 -7
345 0.49 7.92 15.11 23.07 38.46 76.49 -17

HI-3 330 0.10 0.58 1.51 7.77 59.67 97.80 -
335 0.17 2.01 3.67 15.96 50.83 94.15 2
340 0.32 4.24 5.79 17.63 47.49 90.65 -5
345 0.48 6.53 12.78 22.52 39.32 80.20 -13

HI-4 315 0.18 0.88 6.56 22.17 56.56 92.38 -
320 0.30 1.48 9.27 26.35 52.45 88.95 2
325 0.30 1.47 12.29 29.23 48.80 85.95 -1
330 0.34 1.51 17.22 36.24 40.74 80.93 —8

L B T 0 5 M
4 é]:z ‘L’{’}

PL&JE Ni NInE 5y, A Zn Xtk ZSM-22 71
G HEAT ik DAY AR e, DASRFCE L N R R 552 T
AL INE T A T RE, 3E8ILL T 45k

(1) ZIRET AKX o3 FIm a2 BN, H Zn 12
Sy T IR R B BOR, HEEE R L S 8t T
LR . LA FLAR S A P

(2) 7 FImE Zn R T BIRS LRI ELIE(B/L),
HFE Zn EESGM, 7>70% B/L RIS, AiiieR
PEmr, ARENH T SRR N, SRR

(3) ##K Zn NI HA L PR EE AL LE I KA e A, B Zn
TR RS, SeAuE S BTt TEE R I MR A [FI I,
/b B R A R T HTHEAR LS8 6 SRR EAL I IT

4) EH AT Zn 73 E A 0.42wt% AL Zn02-
3, TELETH VA U8 A0 [ /S 45 FH S8 bR R - 107 48 3 EE R
(BI85 -5CHIT, SEMUACEAT R 90.65%
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