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Hydrates can be used as a separation technique ?

(!

— o
Sea-water  cyclopentane
Hydrate Cyclopentane hydrates
formation _ rseaskien
Concentrated Pure-water
HBD process
Sea-water
Phase equilibria data in presence of diverse salts is needed. °

Objective

:> 1. provide equilibrium data CPH in presence of salts

2. Model CPH

fff
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_ Experimental methodology

Reactor 7. Temperature

Cryostat transmitter

Impeller 8. Computer

Agitator 9. Temperature probe

Cooling jacket 10. Drying oven

Motor 11. lon chromatography
12. Camera

schematic diagram Actual system
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Protocol: Two procedures
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_ Equilibrium temperatures in the presence of salts
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Equilibrium temperatures (°C) in presence of NaCl, KCI, NaCl-KClI, and CacCl,

Our values in the
presence of NacCl,
0%, 5%, 10%,
20% and 23% are
very close to
Zylyftari [1] and
Kishimoto [2]

[1]. G. Zylyftari, May 2013.
[2]. M. Kishimoto, Apr. 2012.

Salinity,
% wi/w | quick

NaCl,
slow
7.1

NacCl
[2]

0 : 7.11 - 7.1
6.4 - - 6.9
5.9 - - 6.1
5 - - 5.5
4.1 - 445 4.9
2.4 - - 3.6
0.9 1.16 125 24
-0.4 - - 1.4
-1.8 - - 0.4
-3.8 - - -0.5
-5.3 - - -1.9
-/.8 -8.00 - -3
-10.2 - - -
23 -11 -11.6 -11.66 - -
25
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presence of salts

KCI,
slow

NaCl-KCl,

slow

7.1 7.1
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5.4 5.6
4.6 4.9
3.0 3,2
1.9 1.8
0.6 0.1
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I \odelling: Approach n°1
Standard SLE equation:

AHy, (T —T) | AC,, {(Tf -T) _In[Tf ﬂ

R T,T R T T

Ina, =

Geochemical model PHREEQC predicts water activity aw

~
4~ No data for AC;,, in the literature for CPH

o

Experimental

_ AH, (T, -T) AC,, | (T, -T) T, Calculate Tpeqin
data in NaCl, » Ina, = R T.T R T —1In T » ACy, (T) » KCI, CaCl, NaCI-KCl
f

Texp ;

Algorithm of equilibrium temperature AAD = 1 EN Tpre _‘{
T
exp

prediction Nz
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I ~/pproach n°2 & 3

At thermodynamic equilibrium

-H —L .
Statistical thermodynamics Aluv'f = A:uvlf Gibbs-Duhem

!

Ay =-RT) v;Inl-> 6;)
| J

Approach n°2: Kihara potential Approach n°3: correlation
Interaction potential (¢,0,a) 6 =06(a,)

ﬁ
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Correlation coefficients (eq- 13): 8 i"& Kihara parameters for CP:
— _101° :
:17 012813 "B a(A): 0.8968
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n°3

n =0.0004731
p= 0.9998800
4 R (coeff. of determination) = 0.9957110
0 e
\'@é‘ \*"‘“-* AAD-0.1°C
¥ .~ — . .
—_ ~. ~ e
S -, K - All models are capable of predicting
;’ \\Q b :A:AD*D.I C L. .
§ 4 Lle, X equilibrium
s \ T AAD=0.1 °C
7} ) A
= O Exp.inNaCl N @
E -12 ¢ Exp.inKCl \\ ©
X Exp.inNaCl-KCl A\
-16 A Exp.in CaCl2 A\
44444 Pred. in NaCl N o H H
- pred e e - n°3 is the most accurate and simplest
- - -Pred. in NaCl-K.Cl
— —Pred. in CaCl2 methOd
-24
0 5 10 15 20 25

Salt concentration (% mass)

26/02/2018 Institut Mines-Télécom

MINES
Saint-Etienne

11 Experimental study and modelling of cyclopentane hydrate in the

presence of salts




_ Outlines

1. Introduction and objective
2. Methodology

3. Experimental results

4. Modelling

5. Conclusions & Perspectives

12 A Institut Mines-Télécom Experimental study and modelling of cyclopentane hydrate in the
presence of salts

T

MINES
Saint-Etienne



I Conclusions

s Equilibrium temperatures CPH with NaCl, KCI, CaCI2 or NaCI-KClI
present were determined

¢ Accurate thermodynamic predictions : Occupancy correlation is the
best

PERSPECTIVES: ADD GAS MOLECULES
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Thank you very much for your
attention!!!
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Procedure to optimize the Kihara parameters approach n°2
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I /. pproach n°3 - Correlation 6 = F(a,)

As in the approach n°2, the van de Waals and Platteeuw model is used to
describe the hydrate phase. The new correlation 8 = F(a,) is obtained

Experimental

data in NaCl, <4 AP = L | L Correlation Calculate T4in
ata in 3 Hw A D - F(a,) W | Cl, cacl, NalkC
T

exp

Algorithm of equilibrium temperature prediction: Approach n°3
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I ~pproach n°2
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