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SUMMARY

I. Title

Preparation of Light Olefin Selective Adsorbent and
Development of High Performance Separation Technology

IT. Objectives and Significance

Light olefins, such as ethylene, propylene, and butylenes, are basic raw materials
for petrochemical products. Since the relatives volatilities of these light olefins,
compared to the corresponding paraffins, are not highly enough, energy requirements
in the distillation process for the separation of light olefins are very high. Even if
active research and development of alternative separation processes have been carried
out, distillation process is still the dominant process for the separation of light olefins.
Olefin rich off-gases, such as LDPE off-gas, HDPE off-gas, PP off-gas, FCC off-gas,
RFCC off-gas, and C; raffinate, are difficult to be purified and they are used as fuels

or disposed to the flare-stack.

Preparation of light olefin selective adsorbent and corresponding adsorption process
technology is considered promising for the separation and purification of olefins and
paraffins. The potential applications of this technology is light olefin production,

recovery of olefins from several process off-gases, and purification of paraffins.

Light olefin consumption in the world is expected to be increased about 4% each
year for the next decade. Investment in petrochemical industry in China and India is
greatly increased. In order to improve process economics of domestic petrochemical

industry, cost down in the raw material production is crucial.

Recently, interests in environmental problems are increasing and the clean process,

from which pollutants are minimally released, is demanding.

When the efficient olefin selective adsorption technology is developed, energy

saving in separation and purification processes, abatement of pollutants, olefin
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recovery and recycle, and high purity paraffin production are possible.

When the 5 vyears on-going research is finished, top level olefin adsorptive

separation/recovery process is expected to be developed and commercialized.

[II. Contents and Scope of the Project

This study is concerned to develop energy-efficient and installation cost-efficient
light olefin/paraffin separation processes, which are considered alternative processes of

thermal separation(distillation) processes.

The research activity in the first step of this project is focussed on the development
of adsorbent which has adsorption capacity at pressures up to 5 atm and
understanding basic process behavior of the adsorbent. The contents and scope of this

work is summarized as follows.

In order to develop high performance ethylene selective adsorbents, the following
works were carried out.

o Selection of substrates : clay, silica gel, and alumino-silicagel

o Selection of complexation agent : AgNO;

o Adsorbents preparation : optimization of pretreatment condition, optimization of
AgNO; contents, optimization of thermal treatment conditions

o Measurements of adsorbent characteristics : adsorption and desorption capacity
and rate measurements for several adsorbates, such as ethane, ethylene,
propane, proplyene, n-butane, and 1-butene, and for potential impurities, such
as hydrogen, nitrogen, moisture, carbon monoxide, and carbon dioxide, were
carried out using Cahn Balance and Magnetic Suspension Balance

o Experiments for long term stability of the adsorbents : prepared adsorbents
were let to contact with several gases for long time and the change of

characteristics were checked.

In order to develop high performance olefin adsorptive separation process, the

tollowing works were carried out.
o Basic process concept configurations
o Design and installation of bench-scale light olefin separation process
o Operating condition search through ethylene separation experiments

o Basic process experiments for propylene purification

- vii -



o Breakthrough and basic process tests for the confirm of applicability in Cj

fraction purification

IV. Results

The developed silica adsorbent has equilibrium adsorption capacity of 2.60mmol/g
of ethylene at 55 atm and 25C. The selectivity of ethylene over ethane was high
enough with the values between 6.7 (5.5atm/25C) and 11.3 (latm/25C). During
depressurization, almost reversible desorption was observed. The selectivity of
propylene over propane and that of C, olefins over C; paraffins was quite high and

the reversibility between adsorption and desorption was superb.

Silver ion(Ag") impregnated silica adsorbent was superior to the same ion
impregnated clay based adsorbent in selectivity, equilibrium adsorbed amounts,
adsorption and desorption rates, and reversibility. Even if the adsorption
characteristics of the silica based adsorbent was superb, the mechanical characteristics
of the adsorbent was not good enough and the adsorbent tended to be powdered.
Mechanical strength improvement is necessary. Ethylene adsorption capacity of silver
ion impregnated adsorbent was not affected much by the moisture, nitrogen, carbon
dioxide, carbon monoxide, and methane. However, it was affected by hydrogen when
hydrogen contents was high and the silver ion was considered to be reduced by

hydrogen.

Process tests using bench scale ethylene, propylene, and C, olefins separation
apparatus(24mm(ID)x1000mm(H)) were undertaken. In the ethylene separation
experiments, 99.5% of ethylene with 94.0% recovery at adsorption pressure of
1990mmHg with 2060SCCM (CoHa/84.29%, C,Hs/15.40%, CHi/0.19%, others/0.12%)
feed flowrate was obtained. In the propylene separation experiments, 99.4% propylene
with 87.5% recovery at 1530SCCM (CsHs/ 94.38%, CsHs/4.83%, CHs/0.72%, PD, MA,
others/0.07%) feed flowrate and 2350SCCM rinse flowrate was obtained. In the second
step of this project, possible impurities of C3 and C, olefins in the ethylene rich raw
material will be removed and bed temperature will be controlled to operate the

apparatus at high pressure and product purity and productivity will be increased.

According to the breakthrough test results of 1-butene mixtures on the developed
clay based adsorbent, the slope of breakthrough curve was very sharp and it indicates
that the adsorbent is applicable for the separation of 1-butene from n-butane or

isobutane. Furthermore, the modified clay adsorbent was considered better than the
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existing molecular sieve carbon used in the adsorptive isobutane purification process.
This means that the adsorbent characteristics of selectivity, adsorption equilibrium
amounts, and adsorption/desorption rates for the separation of C, paraffin from
mixtures of and C; paraffin and C; olefins are very good. The productivity of
isobutane adsorptive separation process can be increased by 10 times and the process

can be more compact. Also ultra high purity isobutane can be produced.

Raw data for the process simulation, pure component and binary adsorption model
parameters, were obtained. Predictive model for the breakthrough tests was developed
and the performance was confirmed. The model will be further developed to simulate

the whole process behavior of including several process steps.

V. Recommendations

The developed technology has numerous potential applications. In the first step, the
technology will be commercialized for the small scale separation units, such as
ethylene recovery from polyethylene process off-gas, propylene recovery from
polypropylene process off-gas. The number of applicable domestic plants is over 10.
The technology can be applied in the production of 1-butene and high purity
isobutane production. When the developed technology is successfully applied in small
scale units, it is expected to be applied in large scale olefin/paraffin separation
processes. The technology can be essential role in the olefin production using natural

gas, FCC off-gas, and naphtha craking off-gas

Commercialization in domestic petrochemical industry will be carried out step-by-

step and technology export will be tried.
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(-) (A) (m’/g) (cm’/g)
Clay Substrate nil 219 / 25.7 391.5 0.42
Silica Substrate nil 184 / 375 6389.0 0.84
Aluminum Silicagel nil 17.0 / 32.15 717.9 0.53
Modified Clay Adsorbent 0.4 342 / 391 171.8 0.23
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Adsorbed amount { mmol/g ]

ethylene on modified silica(0.67g/g), ads.
ethylene on modified silica(0.67g/g), des.
ethylene on modified Al-silica(0.60g/g), ads.
ethylene on modified Al-silica(0.60g/g), des.
ethylene on moditied clay(0.40g/g), ads.
ethylene on modified clay(0.40g/g), des.
ethane on moditied silica(0.67g/g), ads.
ethane on moditied silica(0.67g/g), des.
ethane on modified Al-silica(0.60g/g), ads.
ethane on modified Al-silica(0.60g/g), des.
—e— ethane on modified clay(0.40g/g), ads.
ethane on modified clay(0.40g/g), des.
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SAL 4YHoz Te@ 4TEL At Ao ikl dRe dwd FUY
T2 ArES 4o E HEdr oy AE oluty EEFHFL A (5)oA
e AN 7 9P 2¥E ol g HYHez ZeE Ao vehdd. 4
o2 doll ogte] FAHS BH 5 ES HdMEs A H¥HA wHgs
o2 wRHYEY o)t Awd YA Fol go| Uojd & U= P -3
A e Zdlo] HW- o] EXjsta o] FEoA ety AP EFE
7F AL FAEE UErdTh 20|20 FaE Flo] F2AH dig gt g
H¥ FAYRRYA 485k PP parameters & <E 25k <E 3> e
<E 2> FAAND Beo] FAA0 P PR FAEY RS
Temp (K) 283 298 313 333
dm {(mmol/g) 0.538 0.577 0.490 0.673
. b x 10°
Langmuir (1/mmHg) 0.468 0.315 0.281 0.131
ARD(%) 5.0 39 35 3.0
dm (mmol/g) 4.03 3.90 2.74 1.34
b x 10°
LE (s 0.261 0.140 0.133 0.0960
n (-) 0.741 0.804 0.827 0.935
ARD(%) 13 12 09 20
<E 3> FAAE Faol FAA g AYALE) FAA WA
Temperature (K) 283 298 313 333
Qu (mmol/g) 1.70 152 132 161
Langmuir b x 10° (mmHg™") 9.22 7.59 6.14 2.08
ARD (%) 5.8 14.8 9.5 9.8
K (mmol/g mmHg™) 0.260 0.180 0.117 0.0461
Freundiich n - 0.257 0.294 0.336 0.458
ARD (%) 0.97 1.5 048 32
dm (mmol/g) 455 6.63 10.76 23.20
LE b x 10° (mmHg™) 444 23.9 10.0 1.87
n (-) 0.353 0.345 0.364 0.473
ARD (%) 0.15 0.6 0.51 3.3
dme (mmol/g) 2.99 2.51 2.85 2.83
Langmuir be x 10°(1/mmHg) 0.585 0.822 0.262 0.292
+ Unilan s 6.23 5.68 5.61 3.99
ARD (%) 0.27 4.3 4.2 6.5
L . Ame (mmol/g) 0.305 0.203 0.131 0.0517
. If“gm;‘l‘,rl n 0.217 0.261 0.306 0.430
rHendich ARD (%) 148 2.6 0.9 2.9
gm (mmol/g) 2.44 2.99 419 37.6
Langmuir + b x 10" (mmHg™) 78.3 525 25.9 1.33
L-F n () 0.404 0.375 0375 0439
ARD (%) 0.16 0.5 0.45 3.0
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3.0 -

25 -
—&— propylene on modified silica(0.67g/g), ads.

~-@- propylene on modified silica(0.67g/g), des.
—®— propylene on modified clay(0.40g/g), ads.
~-©- propylene on modified clay(0.40g/g), des.
—a— propane on modified silica(0.67g/g), ads.
~-&- propane on modified silica(0.67g/g), des.
—v— propane on modified clay(0.40g/g), ads.
-~ propane on modified clay(0.40g/g), des.

2.0

1.5

&5

Adsorbed amount [ mmol/g ]

(23 4] /g A0 AT Z24d % Z2RPEY FHEEH 24 250)

1ol gel A At FAA e Zew 4rel FHFol WA Fbste 2D
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FAAA FAAC) B TEIAYLY FRHEEE JYALEUTE 1 =Y 7E
of 0%l BYFAF) ERsgo zeRgrel AT Aest FRAY 3
b An e F2 2 9REEE GeAt(des FEAY BE TRaydre o 1
o FR 2 98P =2

CAlel A%9 2ol A7 FAAE TzPU F2F, T dE LA A
9%, F24 % BASE 290 FH/2HYY oy WM 2dol FAARG o I
e 2E Bo FUth YOE AgNO: FAFE AR Zsadrd dF ==l
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1~5 T ' L2 I ‘
| | —=— |-butene on modified silica(0.83g/g)
—8— |-butene on modified clay(0.40g/g)
-0 n-butane on moditied silica(0.83g/g)
12 @ n-butane on modified clay(0.40g/g)
- & j-butane on moditied clay(0.40g/g)
e
g
€ .9
3
S
©
T
g .6
S
3
<
aH A S
0 0 Gi Oy pr T 1 l
0 200 400 600 800
P [mmHg ]
[ 51 28 F3A g Fe-|, o538 283 - 28] FFFLH (607)
<E 4> Aw" Fo FHAC Ud dusd snugrel §49Y A=
BEE Y
F 3 [mmol/g @ 1.0atm & 257C] {mmol/g @ 55atm & 257T]
P o FRe | =T
¥ b e S bl =
( & e jpar ) ] } } ((Z ole./par.)
1.25 (ﬂ]%aﬂ) 028 (o %) 45 1.70 0.37 4.6
129 (Z2 Q)| 030 (Z2Hd) 43 - - -
Modified Clay 100 0.38
(0.40g/g) ' (n-2g @ 26 - - -
Hell @ 60° - ‘
F C) 60°C)
1.00 0.33 30
(38l-1 @ 607T) | (-5 @ 60T) ' ) ) )
Modified Silica| 170 (V&) 015 (l=h] 113|260 (AFA)| 039 (D) 67
0678/8) 209 (mzma)| 031 (mzw)| 67 |32(zzdd)| 16(Z2W)| 19%5
Modified Silica 125 015
) 83 ; ) -
(0.83g/8) |(¥&-1 @ 60T)|-2E @ 60T)
Modified Al-Silica 170 0.38
45 222 A1) | 045 (A& 49
(0-60g/¢g) (g ) (e =h (19 G
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o gbd oldall e gdaEgef sAg {3 mde ot 7S] FRHUAS
@O 7A€ o4 A =2 FFsg
@ WA B3I v, 2%, £ FulE ¢
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71 5 Aa Aoz AT o da2 FHLENA 1 HeelA Fasidoh
[2" 8lof &F2¢s 1000mmHgo A €87t2¢] &80l 2500ml/min, 3000ml/min,
3500ml/min & We] F3 2 dERE $8H 59L o gl Ang o
@3 oddel FAuy FH0] 49 2HE 2 odFn A5 B F Uk dlge o
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3 53 24
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18~6.0kg/cm® - G2 #A819 7, A4 DAY 15-40mmHgz s Th 2
e BE 4eFT~25T)dM a5k
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