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Dynamic simulation and verification of nature gas liquefaction process
with dual nitrogen expanders and R22 pre-cooling

ZHU Jianlu', XU Minghai', LI Yuxing', WANG Wuchang', LIU Yonghao®, XIE Bin’, YU Xichong’

(1. College of Pipeline and Civil Engineering in China University of Petroleum ,Qingdao 266580, China;
2. CNOOC Gas & Power Group, Beijing 100028, China;
3. CNOOC Research Center, Beijing 100028, China)

Abstract: A dynamic simulation model based on a small-scale natural gas liquefaction facility was established in order to
study the dynamic characteristics of the natural gas liquefaction process with dual nitrogen expanders and pre-cooling. Differ-
ent processes involved in the liquefaction were simulated and compared with experimental results, including the compressor
starting and control, the energy regulation of the pre-cooling system and LNG throttle control. The results show that the simu-
lation results of the compressor starting and control process were consistent with the experimental results, verifying the effec-
tiveness of the dynamic model. The performance of the pre-cooling system for energy regulation can be affected by the flow
coefficient of the electromagnetic valve, which needs to be adjusted to adapt to the thermal load of the evaporator. The delay
of temperature response can be effectively reduced by LNG throttle cascade control, which can increase the control quality.
The results show that, through the dynamic simulation, the design of the natural gas liquefaction process can be optimized,
and the operation of the equipment can be well supervised for improved safety control.

Keywords : natural gas liquefaction process; dynamic simulation; control; throttle; energy regulation
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Fig.1 Process flow diagram of small-scale
skid-mounted LNG device
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Fig.7 Regulation of inlet pressure and outlet pressure of compressor after nitrogen valve closed
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Improvement of the low-temperature etherification activity of H3
zeolite by citric acid treatment

YAN Ximing, KE Ming, SONG Zhaozheng, JIANG Qingzhe, YU Pei

(State Key Laboratory of Heavy Oil Processing in China University of Petroleum, Beijing 102249 , China)

Abstract ;. Regarding the defect of low etherification activity of HB zeolite at low temperature, the citric acid treatment was a-
dopted to improve its activity. The influence of citric acid on the crystal structure, silicon aluminum ratio, pore structure and
acid property were characterized by XRD, XRF, BET, NH,-TPD, and Py-IR, through which the optimum etherification cat-
alyst was selected, and the processing parameters and the catalyst stability were investigated. The results show that citric acid
treatment has no effect on the crystal structure, and even can improve the stability of the crystal. The silicon aluminum ratio,
specific surface area, pore volume and pore size increase significantly, which provide a proper pore structure for etherifica-
tion. The acidity and acid strength decrease slightly, but the number of strong acid and Brgnsted acid site increases signifi-
cantly, which is good for etherification. It is also found that the highest conversion of isoamylene could reach 68. 5% and the
yield of TAME is 66. 5% at 60 °C, 1.0 MPa, 1h"and a 1.0 molar ratio of methanol to isoamylene. And this catalyst pres-
ents good stability and regeneration.

Keywords : etherification; citric acid; low-temperature activity; HB molecular sieve; methyl tert-amyl ether
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Fig.1 XRD results of catalysts before and

after citric acid treatment
# 1 1Y XRF R R 2R AL 3R b f i
TR R TCH A A R, 523 FRERR LG, BR AL B
JERERD L AL O, J5Td 73 K Bl 1R Ak 32 49 B W AR
UL TR IR Ak PO AL ) AT W BB AR AR . A
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A B AR, (H R S22 7R Si(0AL) 37 % A s /Y
BORAME R TESiI(0AD) (Si(1AD) K Si(2Al1) fic
NBCRAARAL, 4 F IR SRR e R R
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Table 1 Catalysts relative crystallinity and

mass content of major element

HEALH S5/ % w(Si0,) /% w(Al,05)/%
2 100. 00 38.93 59.70
0.3CA 100. 03 46.49 52.63
0.7CA 102.95 49.93 49.11
1.1CA 104. 10 52.85 46.53
1.5CA 105. 27 52.48 46.31
2.2 WRB R BH B 2 S5 FL A5 HA

o0t A RRIRFLEE A, S0 AR TG 1 A o %
PERRAT SN, 2 BN Hh B G E A SR

AR i R — P T ek 2 A LA o A 15 L
K2 i FLAS B ST 2

_dv/d(logD)
2.0

400
a-ZERE

350 F
1.5

1.0

0.5

0.0L=

B2 LR BET RIS REMILEZESTH
Fig.2 BET adsorption—desorption isotherm and

pore size distribution of catalysts

x2 IrERBAENEELFLN BET &1

Table 2 BET results of catalysts before and after citric acid treatment

RHEH S/ (m® - g7')

LEV/(em® - gh) fL4% D/nm

A : : :
Sy Sl Sy Vi Viga, Vo Dy Dy
=S [ FE 381.53 155. 60 225.94 0. 427 0.074 0. 357 4.474 5.485
0.3 CA 401. 44 201. 68 199.76 0. 567 0. 097 0. 481 5. 653 8. 068
0.7 CA 412.59 217. 44 195. 15 0. 640 0. 104 0.543 6.200 9. 706
1.1 CA 415.10 233.40 181.70 0. 667 0.112 0. 562 6.428 10. 838
1.5 CA 418. 68 224. 35 194. 33 0. 680 0. 108 0.577 6. 498 10. 750
IARZ 65 — 58 B fhb £ 1T 280, T R S o 0 L R R 208 T P47, 33K W5 7 A T Ak LR 4 Ak 751 L 25
B IV UG B4R (TUPAC 4328 AR A PME IR 38K, FLA AR B i As o8 . MFLAS 2343 B ml IR L &2

S VA T A BRESF- 5, PR R UE R T H2 B[] A
(TUPAC 43-38) |, W5 7R T A FF i b B FE A fL 45
¥, B 2 S R AR R Ak B A it R O o R e i 3
KW BTt s P A 0 2 2 AR 28 R B - B

Frigm ab 25 FL i B B 3 2 ] JLfLAE
6.4 nm B K ZE 11 nm,

2 R GHE 2 X, FE A SRR S | B
HERIEBUE AV AR, e R AR FLA LR B
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Fig.4 Py-IR spectra of catalysts before and after citric acid treatment

TR £ 235 SR AT R A7 A 1R Ak B A A 5 R 1 1
R PR AR AR Do PR L PR T 2 ) R s B I (1T 4 P I
J&F LEROZAY 1 440 .1 450 F1 1 600 cm™ ZbFRAE I
Wl R R ) T B BRAR FE 3G N (&1 4 HhIHJE T B BRAL

91 490 .1 540 F1 1 620 em™ Ab4#AE M Wi T ) |
JeHOE S B RRIR BN &, RO A 45 SR R, B
Pz Ak P e B 44 K AR R L R R LB 67. 62% %
WG R 2 82. 84% ;45 )i M\ B 2 | L. i LUAEL AR A A7 1l



- 158 - T E G HKFFIR(ERAFR)

2016 8 A

AR, A R B RO AR B/L AR (E AT R Ak
SRR ISR BR (v LAY B/L Y75 8] i $E i, 1k
Hb, B4 AL 635 em ™ B AAAE— A T5 B

R A7 B4 R A | T L 12 0 i B S R Ak BB Ak 1) 3
AR eI fe o 55 A, P RE A 1. 1CA BT B TR

S5 Ll

R3 ITEERMMEELT ERMEIIMRIELS R

Fig.3 Py-IR results of catalysts before and after citric acid treatment

” i f8/ (mmol - g7') [icgwii B/L
fEALH -
W, Wy Sy Sy T, Ty W/ % S/ % w S

R 1.495 0. 189 3.159 0.359 4. 654 0. 548 32.38 67. 62 0.13 0.11
0.3CA 0. 547 0.290 2.294 0.615 2. 840 0. 905 22.34 77. 66 0.53 0.27
0.7CA 0.229 0.353 1.208 0. 403 1. 437 0.756 26.54 73. 46 1.54 0.33
1. 1CA 0.267 0. 246 1.378 0. 864 1. 645 1. 110 18.63 81.37 0.92 0.63
1.5CA 0. 186 0.121 0. 844 0. 636 1. 030 0.757 17.16 82. 84 0. 65 0.75
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