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ABSTRACT

Natural gas production from independent sources of gas or associated gas and heavy hydrocarbons is in fact
saturated with water vapor. Water vapor in the gas along pipelines and process equipment cause problems such as
the formation of hydrates, corrosion and changing the flow regime (the clot) as well as lower heating value of the
gas. Therefore, optimizing the energy consumption of water is allowed to bring the gas stream becomes very
important. Therefore, the specification process input and output streams, process equipments and mechanical
characteristics were evaluated using software package Aspen Hysys7.2 and select the appropriate equation of state
(Peng Robinson) simulation was performed dehydration unit. In order to ensure the validation of the simulation
process, the obtained data were compared with data in the map of PFD unit, subsequently; compare simulation data
with operational information and correctness were approved equation used to predict data. The results showed that
the circulating glycol (constant concentration) and the stripping gas can be achieved by maintaining the initial
concentration, decreased. The stripping gas temperature does not effect in among and concentration of glycol
circulation. Sripping gas used in the study station around 34 kg / h was very high, which can be reduced in the
range of design about 16.36 kg / h (to achieve the same concentration). The results showed that the lean glycol
circulation and the amount of stripping gas can be optimized in the unit, and the amount of stripping gas will often
reduce about spec of design 16.36 kg / h).

Keywords: Dehydration, Simulation, Optimizingriethylerglycol

INTRODUCTION

Raw natural gas is extracted from deep undergronetdiral gas consumption in residential and comrakrci
completely different. After extraction of gas aslaan fuel to be able to be used, must have afggin for the
use and transfer. So the first step to removinguiitips and gas treatment is required. In orde¢ake advantage of
valuable hydrocarbons from the natural gas to lsevered before they are in conversion processasssciated
with high profitability, may be used.

Processed to achieve a finished product with gagality for the transmission and consumption of gascessing
facilities usually consists of four main steps, ethare briefly introduced in this research procesdind.

1. The separation of gas from gas condensate.

2. Natural gas treatment (removal of carbon dioxidé sulfur)

3. Remove moisture from the natural gas stream.

4. The recovery of valuable hydrocarbons (natuasllgjuids separation and segregation)
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In addition to the four steps listed above as sgpaifor the removal of free water from a seriesvefl-head gas ,
filtered to remove sand and other large impuritieshemical injection equipment for preventive injec of
corrosion inhibitor injection of gas hydrates fotioa is used.

Dehydration processes for natural gasinclude: 1. Absorption (Dehydration with liquid absorber?) Adsorption
(Dehydration with desiccant solid adsorbent). 3thdds of cold and cooling. 4. The use of membrasthods. In
between the first and second methods are comfhpn.

Water vapor alone usually does not cause much @mgbbut the presence of this material in a liquidsolid
operating system will cause problems. To preveshsuwoblems should be natural gas dehydration. Ayribe
reasons for natural gas dehydration: 1) Prevembsimm. 2)Prevent hydrate formation in pipeline®8vent reduce
the volume of gas transit. 4)Prevent a decreabedting value gas 5)Prevent water condensatioasf tgvo-phase
flow and pressure drop in pipelines 6)Achieve aewatew point in natural gas in accordance with dbetract
signed sales gas (limit 4 to 7 pound of water pdirom standard cubic feet of gag)]

By absorbing moisture from natural gas liquid watbsorbent, physical methods of dehydration is anshich the
glycol solution is used as a liquid absorbent.his tmethod, most of the four types of glycol saatio the names,
Mono ethylene glycol 2 (MEG), diethylene glycol BEG), triethylene glycol 4 (TEG) and tetra ethylegigcol 5
(TREG) gas is used for Dehydration operation. To@gagong the glycol, Triethyleneglycol (TEG) is therlds
most widely accepted and used in many refinerigh@tompoundl]

The major operational equilibrium data charts TEGwiater dew point of natural gas, obtained in 18g6Mr.
WORTEY have been published in book GPSA [3]. Tineutation software is widely used in the designgaess .
Applications software in this field is extensiveterms of thermo-physical properties of simple glton currents
or even pure starting materials and design factdaeilities include a full- side, pipelines feemtsk, of the product
and transfer or Control are reviewl.

Since this method of manual calculations easiastef and more accurate by repeating it in diffesgnations can
be easily and spend much less time with a cometeof predicted process performance in variougstand
thereby reduce the additional fees fixed investn{eatiditional devices ) and reducing operating Td¢stater ,
energy , etc.) have created more flexibility in thesign process and the optimal point in termsosts; fluency
operations, safety , environment, etc. can be on&tgi]

- Description of the dehydration processin the station under study

Gas entering into a filter separator before engeiiio Gas dehydration system. This refined, sphaticles and
liquid filtration in two separate parts is respdmsifor gas. It driven out of the filter to theater and the lower part
of the tower After passing through a mesh screen drops stuthetapward flow. At the top of the tower has been
built plates. On each of these plates are bublgs. CEhrough the direct contact with the glycol avater in the gas
absorbed by the glycol.

Glycol purity 99.7 wt% entering into absorption ®wvand water absorbed in it, Then with a puritgbbut 97 %to
the regeneration unit. At this stage glycol driveto the coil and 64 to 71° C pre-heated and thaerethe flash
drum. Lot of associated gas field in the glycolatid small amounts of light hydrocarbons are sepdritom the
mainstream.

Glycol after the exit filter cartridge and solid rpeles are derived are then filtered charcoal andch of
hydrocarbons separated from it then, it passestii@deat exchanger of shell and tube and tempegsatyp to 150 °
C increased after passing through the steel columside the reboiler flows through a metal ring.ilBd in a
manner designed to glycol temperature up to ab@Gt t» 204 ° C and water and other impurities upgh®
evaporation of the glycol through a column call&tpping and through the metal rings (Pall ringfgmaleaving to
two heat exchanger and reduce the temperatureciat 444 ° C to the inlet pipe glycol pumps circidatafter the
departure of a cooling and reduce the temperatyr& I3 C hotter than the input gas into the towen te
dehydrating [1]

2-1-Dehydration simulation process using HY SYS- ASPEN software

In a simulation based on a mathematical model sfesy behavior, defined as the process of selectivgiting a
mathematical model for the study is very importa®arefully designed and arranged in chemical poeesdel
simulation results will be more accurate and rédiab
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Depending on the model, consider the following agglish.
Operating conditions (temperature and pressure)

Type and category of the mixture.

Process phases (liquid and vapor) [5]

Equations of state (EOS) are widely used to prottes®il, gas and petrochemical little deviatioanfrthe ideal is
recommended [6 and 7]. When sulfur compounds aeseptt in the components peng-Robinson equatioSaur(
PR) can be used. However, due to the absence @fgttion compatible with glycol, in simulating thecess of
ping-Robinson equation of state (PR) were used.

Peng-Robinson equation for many hydrocarbon comgi@im a wide range of temperature and pressureitammsl
and the state of one, two and three-phase and patapounds usable and suitable[8]

2.1.1-Process simulation

1. The choice of materials in the process

2. Choose a thermodynamic model

3. Login to the simulation

4. The definition of input and output streams

5. The definition of absorption and regeneratiomdrs and other equipment and appliances).

Water stream doesn’t exist in PFD map. Since theem@ontent of the feed gas is a parameter affgdtie water
levels of out gas the absorption tower, to redtliwd it was used to one step flash calculate. @atfgpm the top of
flash drum back to absorption Tower .it quite ineosaturate.

The activities described above, the simulation wamplete dehydration unit. Overview Figure 1 shaws
simulated process based on the PFD.

Figure 1: Smulation of Dehydration and regeneration systems Bangestan compr essor station

After simulation to ensure accuracy, comparisonwben PFD data and data from software was donegedhation
used which indicate suitable and approved (PengriRoh), respectively. It is mentioned in this studysimulate
steady Theme Unit knockdown station first, withaefjto the homogeneity lack of materials and thiewiation

from the ideal gas (like water, H2S, CO2 and TE@ypion J-@ is not suitable and should mod& Use that the
PR equation for the gas phase and liquid phase weed for the NRTL activity model. Since the refee
simulation, PFD maps relevant station equationsegigjons (about 0.5 %) With maps showed PFD staliothe

next step @-@ model and PR equation of state ftr as and liquid phases were happily processingitons set
forth in the materials and energy balance studyostsiwith very good accuracy (less than one pgyqerdicted. In
Table 1 the comparison is inserted. Peng-Robinst{R&L-Peng-Robinson.
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_Equation state %Glycol %Glycol | _%Glycol_Rate Glycol (kg/hr)
210 220 230 270

! . 0.926795 0.970984 | 0.971444 1496

|Peng-Robison

'NRTL-Peng-Robin 0.931380 0.979636 | 0.980311 946.3

B 0.926669 0.970979 | 0.971291 1496.71

| :

AR 0.014 0.0005 0.016 0.047

% error NRTL-Peng-Robil 0.5 0.89 0.93 -36.77

Tablel: Comparison PFD data and simulated data
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Chart 1 comparison the glycol mass fraction to Contactor tower to stripping Gasindifferent values(smulation data to operational data)
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Chart 2- Comparison the glycol mass fraction to Contactor tower with stripping Gasin different & design values (simulation data to
operational data)

Given the figures above it can be seen that theartnation of glycol inlet to the tower with reduite amount of
stripping gas to the design value (KG/H 16.36passnot much change it can be used to compensatelhoiler
temperature be reduced.

RESULTS

Since the goal is to minimize the amount of watethie gas is pre-determined characteristics, paeamaffecting

this process are of high importance. These parameta be divided into two groups' fixture desigd aperational
variables. Fixed design parameters such as phydicansions Tower (length, diameter and numberafs) and

type of tray used and the required operationalguresin dehydration outlet unit, determined at giegime and
often cannot change. Some of the operational pdesnie independent of the dehydration process astem

optimization is a function of their values. Incladithe characteristics of the feed gas (composifioessure and
temperature) can be mentioned. therefore, the gerpd the data used in this study to determineefifiect of

changing operating parameters and optimize thairaifpns to achieve an acceptable level of waténaroutlet due
to changes in operational parameters are indepénden

Optimization of parameters includes:

- Temperature boiler

- The amount of glycol in circulation

- The concentration of glycol in circulation
- Amount stripping Gas.

1. Feed gas composition change

The amount gas and temperature are constant amat e@ttent of the feed gas (synthesis gas) wastsdlas a
parameter. Given the rate of change of these paeasna design (6.5 kg mol per hour) from 1 to 6nkgl per hour
was chosen.
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Assuming constant other parameters, together witteased water content of the feed gas, waterowitllet gas also
increases. If the reduction of water content of filed gas, water and gas outlet will be reducea rHsults are
shown in Graph(1).
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Graph (1) theamount of water content in feed with outlet gas

Since the maximum amount of water content in ot must to be kg / hr10.77 (Ib/h 23.69), with ldnel of
circulating glycol (constant concentration) of gifecequired to achieve the same amount of wateresoqut. In
other words, by increasing gas amount of watererih inlet gas, in the same concentration of glyglycol flow
rate was increased in circulation. Data gatherexh fGraph 2
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Graph- (3)- Water Content inlet and outlet gasto the glycol circulation
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According to the graph (3) in the same flow cir¢inig glycol, to achieve the necessary of spec desigter in out
let gas by changing the amount of water contettiéninlet gas glycol concentrations should be deitezd

Reboiler thermal load to temper ature change:

As shown in Graph4 can be seen thermal load rabditectly related to its temperature and with exdpto the
results of simulations and experiments operatinte@aiperature 198 - 200C is the best period for operation of
dehydrating due to the concentration of weightdlyeol is in question. To learn about the practicahsequences
station was approved by the review. As can be se@&@raph4 in the temperature range 194-0hut the lowest
level of thermal load reboiler- But the glycol aitating in the range of 11-20% compared to the alyirculating
the reboiler temperature 2@increases and the increase glycol, glycol pumpacip pressure and power
consumption of the system and pumps the glycdféstve.
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Graph (4) - the Reboiler of thermal load to reboiler temperature

9.6
9.4 A
0 o
) y=3E-05x%- 0.0204x7 + 6.0544x2-800.11% + 39673 /(

T R?=0.9996

: o
86
B —
B2 — —"""'M
80 W
18 ! : !
185 188 190 192 194 1% 188 200 m 204 206
T(°C)
(Reboiler Temp.)

[condensor Thermal load)
QW)

Graph (5) - the condenser of thermal load to reboiler temperature

As the shown in the Graph (5) can be seen withea®ing reboiler temperature and flow rate in vgg@se increase
also and condenser to condense the heat loadisdlircrease.

The effect of temperature reboiler
In a standard Dehydration systems, reboiler heatimd) stripping gas flow rate are two factors inaamrations of
glycol in operation. The effect of these parametershe concentration of glycol was investigated.

At first reboiler temperature decreases, the camagon of glycol in circulation was investigatetihe resulting

value in the graph (6) is given. By reducing thieoiter temperature according to graph the concgatraf glycol
in circulation reducing and thereby water conteithwutlet gas increases.
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Evaluate the effects of the stripping gas stream

As you know, to achieve a desired concentratioglygtol and increasing the rate of evaporation ofewabsorbed
without increasing the temperature, according ®Rauolt law should at a given temperature of theadailer, the
water in the vapor phase mole fractions and tatdgure reboiler system can be reduced. In Bangestapressor
station and the dehumidification unit, it uses a (fael gas made of) as a Stripping Gas is preparetb it. The
following charts at three different temperature stfipping gas (40, 100, 193) was drawn. The communication to
changing Glycol concentration (Lean) streams (22@ 230) is shown with a stripping gas. It also datees the
minimum concentration of glycol to achievable ire thackage, the results of which were used to miairtkee
temperature of the reboiler glycol in Graph (7) é)can be seen.
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Graph (7) the concentration of glycol (stream220) with Stripping Gaswith three different temper atures (40,100, 193°C)
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Graph (8) the concentration of glycol (stream230) with Stripping Gaswith three different temper atures (40,100, 193°C)

According to the graphs (8) and (9) by increasimg @amount of stripping gas flow the concentratibmglgcol in
circulation increased and by decreasing the amofistripping gas flow the concentration of glycoldirculation
decreases. Previously described. The glycol coretgont and temperature of the re boiler greategiairth on
reducing dew point the gas outlet. Also with regandthe results of the study the increasing strigpgas
temperature doesn’t effect in amount and the glyamhcentration. Amount of stripping gas the onlgtda
influencing the concentration of glycol in circuéat.
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Graph (9) mass Flow Glycol Circulating Rate with stripping gas
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As indicated in the diagram (9) is observed by oatlyithe mass flow of glycolcirculation, amountigbing gas to
the increase and increasing the mass flow of glfmmlamount of stripping gas should be decreaseth®r means
for reducing the amount Lean glycol in circulatimnachieve the same concentration must increasarttoaint of
stripping gas. Effectiveness both of them in redgavater content in outlet gas is very importanhstruating. It is
mentioning by reboiling temperature decreases fitmeroptimal point of (198-20C) also had to reach the previous
levels stripping gas flow rate increased. The uptakgas aforementioned design mode (16.36 kggogiwith
vapor phase will lead to more waste.

The effect of gastemperature

Since the gas temperature will change due to vamistin ambient temperature, keeping constant ttmero
parameters such as concentrations of Lean Glyablnaater content of the inlet gas (synthesis gad)the feed gas
flow rate, the effect of gas temperature on theewabntent with outlet gas was investigated. Gagézature in the
design of PFD, in summer and in winter 45@&8 intended. Since the maximum amount of watetergnwith gas
(gas-saturated water) dependent to gas temperatittechanges in simulation maximum water conteithwgas
was determined. At about &D greatest difference in water content, and gast imhd outlet gas at its saturation
point. Choose a temperature®8@s a worst case design is so designated. Dehydrsistems to prevent foaming,
the temperature of the glycol inlet the tower aiwtb © C higher than the gas temperature are dere.

Otherwise causes the gas and glycol to contactomopletely and as a result of Dehydration isn’tosmaplish, so in
all cases 5 ° C difference between glycol and et gas was retained. The results in graphs (1@),and (12) are

shown.

220.00
— 200.00
o E
Q 180.00
i

= 160.00

£ 9

140.00
t E
L] E 120.00
Pl
E A 100.00
3 é t = -9E-06x* + 0/0016x7 - 0.0885x + 3.0041x - 5.6008 -
E 80.00 2= (.9999 '..-—ir'ﬂ
-] 60.00

e il
E 40.00 ©
E ——
20.00 =
15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65
T(°C)
(inlet Gas Temp)
Graph (10) water content of the feed gasto theinlet gastemperature

24

22
-%- 20
U] 18
=
3 &= 16
c 9
c B ‘14 y==TE06x = 000123 .uf?f?tmmc:
£ £ 12 R?= 0.9966 P
@ '-E-.. r‘“‘rﬂ
E a 10
6= e 0
L 9
= ,,_ﬂ-—*“"'w
Q 6
E 15 17 19 21 23 25 27 29 3% 33 35 37 39 41 43 45 47y 49 51 53 55 57 59 61 63 65

T(°C)
(Inlet Gas Temp)

Graph (11) water content of the outlet gaswith inlet gas temperatures

576



Farhad Behbahani et al J. Chem. Pharm. Res,, 2016, 8(5):567-578

- 2500 24.0000
T 200.00 220000
9 s 7
5 ; w0000 3
g 170.00 -
L e 15500 F— _ 12.0000 “8
£ 7 1000 16.0000 § &
= £
G 8 e 14.0000 EE
: E 11000 L g5
E

0 & 9500 = 12.00009%'
0= =
<~ 80,00 10.0000 ~(J
w 1=
i) e — £.0000 %

50.00

y—'—"‘

E 35.00 H__L__ﬂl’,_q d y=-0F BF#‘*—-:BGiG*‘—(I:GH{LF 00411~ 9.6008 s AL

20.00 e | f2=0.9999 a0000

15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63
T(°C)
——(Water Content)sis.s 36 s o Ja{INlet GaS TEMP)-u—water contentin Out Gas

Graph (12) -Water Content Of inlet and outlet Gasto the inlet gastemperature
CONCLUSION

In general, to achieve a suitable dew point, adogrtb freeze the number of trays and SpecificatiohTower, the
two methods can be used. Changing The Circulatd® of glycol and increasing concentration of glyé&s we
know, the first parameter to change due to adveffects, are limited and do not have proper maneuviee
management of the effluent water, reboiler fuel gaissumption and gas stripping is required. Theltesuggest
that to avoid saturated with liquid water to pretvre formation of hydrates in gas pipelines anatewdew point of
outlet gas of the absorption tower af"-8tudy stations in summer conditions and pressu$8.13 bar .the purity of
glycol is entering the absorption tower,. Gas watew point will be lower output. In this regardetBimulation
dehydration unit was done. The effect of proces@mbtes (such as reboiler temperature of glycaereration unit,
the stripping gas and temperature top of the glymicentration towers, etc.) and the following Hsswvere
obtained.

1-To achieve the desired concentration of glycgereration tower reboiler temperature of 200 degst®uld be
kept first and then injects stripping gas.

2. To prevent destruction TEG of regeneration towign vapor output temperature must be kept at &b ° C.

3. If the reboiler temperature less than 200 degteachieve the desired concentration should batored for the
amount of gas stripping to be increase, becausakts more destruction will be glycol.

4. dehydrating effect of gas temperature on théesysand changes in water level of input and ouipdicates that
the maximum difference in temperatur€%6@as inlet and outlet of water in there.

5. glycol concentration affects is dew point, agsult of the reboiler heating and flow rate ofgiing gas are two
important factor for glycol concentrations, witthpiler heating and amount of gas stripping , @lyoncentration
increased, thereby reducing the amount of glyc&inculation. .

6 stripping gas temperatures doesn't effect in athand the glycol concentration. Mass flow of giifg gas the
only factor influencing the concentration of glydolcirculation.

7. With regard to the results of this study showlreat the stripping gas used in the study statisosrad 34 kg / h
very high and can be reduced in its design rangehkd 6.36 (the same concentration acquired.

8. In the temperature range 191- 4@4the lowest level of reboiler thermal load butulating glycol in the range
of 11-20% compared to the glycol circulating thbaiter temperature 26Q increases, which in turn increased the
capacity glycol, glycol pumps can influence pressinop and power consumption.
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(Table2, 3: Comparison of Data from Simulation Software and Operational Information in design & different stripping gas values

Data from operation Data from simulation
Rich Lean Rich Glycol GLI(;?QI
Gas Reboiler Stripping 4G|yC°A| Glycol | Glycol Gas Reboiler Stippling _Glycql (stream150)from (stream230)
. gas mass| circulation . gas mass| circulation Glycol
inlet Temp. flow Mass flow from to inlet Temp. flow Mass flow Contactor o Glycol Date
tower tower Contactor
Tower
Tower
Mass Mass o Mass
mmscfd T(°C) Kg/h Kg/h percent | percent Mmscfd T(C) Kg/h Kg/h Mass percent percent
12.1 197 34 1467 97.7 99.7 12.1 197 16.3p 1467 495.3 99.64 1394/07/25
13.9 197 35 1628 97.5 99.9 13.9 197 16.3p 162 295.2 99.60 1394/08/04
15.6 195 32 1635 97.3 99.6 15.6 195 16.3p 1634 694.8 99.56 1394/09/04
15.1 198 36 1348 97.7 99.6 15.1 198 16.3p 134 94.4 99.67 1394/09/13
15.4 197 32 1432 97.2 99.6 15.4] 197 16.3p 1433 394.5 99.64 1394/09/19
20.8 195 33 1469 9608 99.8 20.8 195 16.3p 146 593.4 99.59 1394/09/25
21.7 196 34 1471 97.4 99.6 21.7 196 16.3p 1471 893.2 99.60 1394/10/01
24.5 197 35 1625 98 99.4 245 197 16.36 1625 93.17 99.58 1394/10/07
Data from operation Data from simulation
. Lean
. Rich Glycol
— Rich Lean A Glycol
Gas Reboiler Stripping 4G|yC°A| Glycol | Glycol Gas Reboiler Stripping 4G|y°°A| (stream150)from (strengSO)
inlet Temp. gas mass| circulation from i inlet Temp. gas mass| circulation Glycol 0 Glycol
flow Mass flow flow Mass flow Contactor Date
tower tower Contactor
Tower
Tower
o Mass Mass o Mass
mmscfd T(C) Kg/h Kg/h percent | percent mmscfd T(C) Kg/h Kg/h Mass percent percent
12.1 197 34 1467 97.7 99.7 12.1 197 34 1467 95.50 9.879 1394/07/25
13.9 197 35 1628 97.5 99.9 13.9 197 35 162§ 95.39 9.859 1394/08/04
15.6 195 32 1635 97.3 99.6 15.6 195 32 1635 95.03 9.809 1394/09/04
15.1 198 36 1348 97.7 99.6 15.1 198 36 134§ 94.56 9.909 1394/09/13
15.4 197 32 1432 97.2 99.6 15.4 197 32 1437 94.67 9.859 1394/09/19
20.8 195 33 1469 96.8 99.8 20.8] 195 33 1469 93.59 99.83 1394/09/25
21.7 196 34 1471 97.4 99.6 21.7] 196 34 1471 93.42 9.849 1394/10/01
24.5 197 35 1625 98 99.4 245 197 35 1625 93.32 8399. | 1394/10/07
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