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Absract — In this study, The formation of solid hydrates by certain chlorinated hydrocarbons methylene chlg@dg(CH
carbon tetrachloride(CQ)l 1,2-dichloroethane(CJ€ICH,CI) and 1,1,1-trichloroethane(GECl;) and water were attempted
experimentally with nontoxic and common help gases such gs@Q and N, for recovering chlorinated hydrocarbons from
the aqueous solutions. To check the thermodynamic feasibility of this process the pressure and temperature ranges of hydrate
stability region were carefully determineddhgh measurement of four-phase equilibriaftley-V) for help gas+water+
chlorinated hydrocarbon systems. The help gas+water+chlorinated hydrocarbon systems greatly reduced the hydrate-forming
pressure, which confirmed the mixed gas hydrates with chlorinated hydrocarbons nilizedstaln the simple hydrates con-
sisting of help gas and water. The degree of stabilization was found to follow the ordey@€BCI<CH,Cl,<CH,CCl,<
CCl,. The structure of the mixed gas hydrates was identified as sll and cage occupancies of each cage were obtained through
NMR spectroscopy. From close examination of phase equilibrium measurements, a thermodynamic feasibility of this process
was confirmed. In particular, from the spectroscopic results, both the structure and cage occupancies were determined to esti-
mate the amount of the enclathrated help gas and chlorinated hydrocarbon molecules. From the above results we can suggest a
proof-of-concept for recovering chlorinated hydrocarbons from the aqueous solutions using hydrate formation in the presence

of help gases.
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Table 1. Optimized Kihara potential parameters for help gas+water+
chlorinated hydrocarbon systems

a(A) o(A) e/k(K)
CH.Cl, 0.8059 3.3034 221.28
ccl, 0.9132 3.3242 224.70
CH,CICH,CI 0.9933 2.6134 339.69
CH,CCl, 0.9672 3.3434 226.04
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Table 2. Hydrate formation of chlorinated hydrocarbons

co, N, CH,
*CH,Cl, o o 0
ccl, o o 0
CH,CICH,CI X o) o
CH,CCly o o 0
CHCI=CCl, X X X
CCl=CCl, X X X

*: hydrate formation without help gas
O: hydrate formation with help gas
X: no hydrate formation with help gas
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Fig. 1. Hydrate phase equilibria for the CO+H,O+chlorinated hydro-
carbon systems.O, CO+H,0, HL\\V; ® , CQ+H,0, HLyL co,V,
quadruple point; M, CO,+H,0+CH.Cl,, HL\\LcpcV: B3 CO,+
H,O+CH,Cl,, HLyL cyclcopV, quintuple point; [, CO»+H,0
+CH,Cly, LyLcnclcopV: A, CO+H,0+CCl,, HLyLcpcV: A,
CO,+H,0+CCl,, HLyL chd cpV: quintuple point; A, CO+H,0O+CCl,,
LuLcuclcoV: @, CO,+H,0+CH.CCly, HLyL opicV; @, CO+
H,O+CH,CCl;, HLyL oyl copV, quintuple point; <&, CO+H, 0+
CH,CCly, Lyl cycl copVs — prediction.
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Fig. 2. Hydrate phase equilibria for the N+H,O+chlorinated hydro-
carbon systemsO, N,+H,0, HL,V; @, N,;+H,0+CH.CICH.CI,
HL L pcV: M, NaA+H,0+CH.Cly, HLyL ooV A, N+H,0+CCl,,
HLwLcheV: €, N,+H,0+CH,CCl5, HLyL cpycV; —, prediction.
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Fig. 3. Hydrate phase equilibria for the CH;+H,O+chlorinated hydro-
carbon systemsO, CH,+H,0, HL,,V, @, CH,+H,0+CH.CICHCI,
HLyL oV W, CH#H,0+CH,Cl,, HLyL oicV: A, CH,#H,0+CCl,,
HLwL cheV; @, CH,+H,0+CH,CCl;, HLyL cycV; —, prediction.
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Table 4. Cage occupancies of CHhydrate and mixed gas hydrates

es,cm eI,CH4 eI,CHC
CH, 0.7880 0.9870 -
CH,+CH,Cl, 0.7576 0.2262 0.7471
CH,+CH,CCl, 0.8025 0.0900 0.8704
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Fig. 5. Schematic diagram of the hydrate-based chlorinated hydroca
bon recovery process.
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AL k : component
| : large cavity
o] =2 20004 % Fh=el=rlgAwe] |9 (KRF-2000-041-E00331) s : small cavity
o oJeie ArFHJ o FEHoRE Fi b= 2134 (Brain Korea 0 : standard state
21 Project)] 230 ADHA 5T CHC : chlorinated hydrocarbon
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