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Dechlorinating Reaction of Organic: Chlorides
Taneaki YAHATA, Shinji KIHARA and Misao OHUCHI®

Department of Administrative Services
Qarai Research Establishment
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Qarai-machi, -Higashiibaraki-gun, Ibaraki-ken

(Received May 29, 1996)

Dechlorination has been examined by the reaction between iron, aluminum powder or Cal
and organic chlorides such as C;HCl, and CH.Cl.. Progress of the reaction was analyzed
with mass spectrometer. The reaction between iron and organic chloride -was rapidly
occurred at the temperature between 350 and 440°C in an atmosphere of argon. Above 330
°C, ‘more than 99.5% of C.HCl: was decomposed within approximately 100 minutes.

At 440°C, approximately 80% of C.HCl: was decomposed by the reaction with aluminium
powder within appfoximately 100 minutes.

At 440°C, reaction between C:HCl; and Cal powder were occurred rapidly in an
atmosphere of argon to form CaCl.-and free carbon. Als¢ in an atmosphere of air, nearly
the same result was obtained. In this reaction, CaCl., €O and C0. were formed.

CH,Cl, was alse decomposed by the reaction with iron at the temperature between 380
and 440°C. Tn the reaction, FeCl. carbon and hydrogen were formed. CH; ' and CH. were
observed during the dechlorinating reaction of CH.Cl,. Variation in particle size of

iron powder such as 100, 150 and 250 mesh did not affect the reaction rate,

Keywords: Dechlorinating Reaction, Iron Powder, Aluminum Powder, Ca0, Organic Chlorides,

C,HCY,, CH.Cl., Mass Spectrometer, CaCl.

+ Department of Chemistry and Fuel Research, Tokai Research Establishment
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(2 C , H, C1, + MO -~ MC1l, + y/2H0 + {1 — y/2)/20, + xC
AG® = (AG yc1: +AG y2mo) — (AG mo +AG cxuycie )

RIS Bl 2 V¥ —DORST 5 HRICECO T, FIEREEFRROACEHETIUIR
Ve AG <0 THIUIREAEL. AGC> 0THIUIBUMIE LWV, T I THBER(LEME
LUSE. SER(MOEROER TR - & FNo0SBE(MoAROEh L 2 F—%
s L. BEER LAY SEROBRENTRETS B 0vERTT 5,

CH,C1, & Fe &I :
Fe+ Cly . = FeCl; ; - C AGpeciz = —T2.2 keal /mol

CH:Cl. = C + Ho + Clz ; AGUCHZCI2‘ = -15.1 keal /mol

_CH,Cl, + Fe = FeCl,+ C+ Hi; AGY .= —5T7.1 Keal /mol

AROE BT LE—Z it —57. 1Keal/mol Th B, TiUd. §5%CH.Cl LiZAE S HHUL FeCl.
EREB I UIKEHERT B EE2RELTVWS,

CH.Cl, & Al & OORUG S
Al + 3/2 C1, = AlCL: ; AGlhicis = —152.2 keal/mol
3/2 CHaCla = 372C+3/2 Ho+3/2 Clos  AGlcmeciz = °  22:7 keal/mol
3/2 CH,Cl, 4 Al = AICl; + .3/2C +3/2 Hz3 AGH —129.5 keal/mol

CHoCls 27 L 3 =17 4 & B X HAUTRICL, & IREB LUKFEIERT B

Fe,0s & CH.Cl, +ODRIG

1/2 Fe, 03 + Cl, = FeClo+ 1/3 0z - . CAGY
CH,Cl, - = C o Clot H ot . AG
CH:C1,1/2 + Fe 0y = FeClo+ 1/3 0 + C+ H2 '3 - AG

16,35 keal/mol
15.10.kéal/mel: -
31.45 keal/mol .

CH,Cl: & Ca0& DRI
€a0 + Cl, =CaCl, + 1/2 05 5 - 'AG" =AG caciz —~AG cao = — 34.9 keal/mol
CHoCle  =C 4 Cla + H; AG® 15.1 keal/mol
CHaCl; + Ca0 =CaCls + C 4+ 1/20; ° + Hy 5 = - AGL. = — 19.8 keal/mol
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e, REAELEVHREBICNO I T, 2 ~ 3x10 Torr F THER L7, BEXR T v
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2 RALLEENT 2 & 2id. BBSOERFNELE, BELEVWE—7 ORERUV Y — AR
EROTHHT 5,

3.04.3 ¥R B L ORI L SRR LORIE

FEQREEA 7T LT, SHEEE A AT0 mighBA L, KIGEESLIUEERT—7E—

_5_



JAERI-Research - 96-035

y—TH 100°CITHIER L . REHEAIBL D C:HCL: m ZERBTEALLT R TTHERSE
o
CHCL: IBEZA bt FHOEZIHERI L TH %’)ﬁ}ffh@%%@:r v 7 2B L o’C‘ﬁﬂ’éﬁEﬂL
EROMETCEREMERIT -7
Table 3 |3C.HCL: DEMHERE S X OERIC & AR LER T,
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CH.Cls &IBIET EAVE UV T & AR TR 7z, JHIXEBICREA ISV L R0 CTHE
FEUTCHCLs | CHCL B L SV T & AR LT WA,

4. E B R
4.1 CoHCL; & 8 & DBRUG

Fig.l [4350 ~UUO CORBEICI51F BCHCL: OB L& PIMHERE & DHART,
250 A v 3/ 2 OEIIEI00 g i21m ¢ DCHCL: ZRE S B, HRHIZFUCEE. HiliISUGRZN
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RS, SORBERIRDHL. K%miﬂﬁﬁﬁmmﬁﬁ@ﬁéﬁTbtoEﬁ?ét&#%
S bEAMERL Lo & R,

BRI, CoHCL DR U IR FlE LT HEOOE( b@k&oﬁéﬁ@%ti

R FE R OB B L.

T OEERAE B TRDE LTV, TS B T EERER LTS 380 “CRLETIREIEAE
FIAITE B, FEERESS J & BRI -7,

Jim;r:iﬂ\ atringE FREREINIID - fo, RIGRHEIEORE TET 20T, AT

EEOMHEOEBRNEBR THELEL LN S,

Table 4 {3380 °Cizisid B8k & CHCL: & DFUGD AT xﬁé}%t’éﬁ: CoHCL: DGR UL T
3. A FILEDKEZSOERIER NS~ T

4.2 CHCL; & 7L 3 oy LYK & DFUE

CHCL ANT L 3 o MY A S E B B U, RIGE B L NREH ORBEICEBORK
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Table 3 Initial Concentration of Trichloroethylene
No. | Circulating time components (%)
(min) N 0, Ar CO, C-oHCl3
| 10 94.12 0.68 <0.01 <0.01 5.2
2 30 93.42 2.14 0.08 <0.0l 4.36
3 50 94,28 1.56 0.08 <0.01 4.09
4 70 93.34  1.91 0.08 <0.0l 4.67
5 90 93.24 2.38  0.08 <0.0! 4.3|
C,HCl; : 1 ml
Average Concentration : 4.52 mol %
Temperature : 100.°C
Table 4  Initial Concentration of Dichloromethane
No. {Circulating time components (%)
(min} N, 0, Ar CO, CHgClz
| 20 95.21 0.23 0.01 <0.0l 1.99
2 50 93.94  0.78 0.01 <0.0l 4.20
3 80 94,98  0.26 0.01 <0.01 4.81
4 {110 94.41 0.30 0.0f <0.01 5.12
5 1 70 94.41 0.34 0.01 <0.01 5.07
CH,Cl, & tml

Average Concentration : 4.52mol %

Temperature : 100°C
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Table 5  Results of gas analysis for the reaction
between iron powder and C,oHCl3
No. R%?I?JLO” components (%)
min) N2 0 Ar C0, C,HCl3 Reaction Rate
i 0 0.26 —  95.60 0.0! 4.13 0
2 | 30 076 — 9848 002 0.54 86.92
3 | 60 053 —  99.31 0.0] 0.01 97.58
4 | 90 036 —  99.60 0.01 0.03 99.27
5 | 120 0.13 —  99.85 0.0l 0.01 99.76
C2HClz : 1ml
Iron Powder : 100g {H/D=1.0)

Reaction Temperature : 380 °C

Table 6 Results of gas analysis for the reaction
between iron powder and CH,Cl»

No. R$?'rcnt:eon components {%)
(min) N2 0O, Ar CO0, H, CH,Cl, Reaction Rate

! 0 0.25 0.07 95.69 - - 3.99 0

2 20 0.50 - 97.60 0.03 0.40 1.47 63.16

3 40 0.36 - 98.88 0.04 0.47 0.25 93.73

4 60 0.80 0.11 9853 0.03 0.50 0.03 99.25

5 90 0.46 — 98.98 0.05 0.50 0.01 99.75

6 150 0.35 -— 99.09 0.06 049 <O0.01 >99.75
CH,Cl, : Iml

Iron Powder : 28q(H/D=1.0)
Reaction Temperature : 410 °C

13 —
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Fig. 3 Relationship between Gas Pressure and Ion Quantity
Argon (Circles), Nitrogen (Squares), Oxygen (Triangle)
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Reaction Ratio
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Fig.4 Relationship between Reaction Time and Reaction Ratio

Conditions : Argon Atmosphere

CoHClz : iml

Iron Powder : 100g, 250 mesh

Reaction Temperature : 440°C (Circles and Dmmonds)
410 C(Squores)s 380°C
(Triangles ), 350°C (X's)
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Reaction Ratio

0.2 |-

0 I | l
0 50 100 150
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Fig.5 Relationship between Reaction Time and Reaction Ratio

Conditions : in the Air

CoHClz :1ml, CGO(H/D =1):28¢,

Temperature : 440 °C (Diamonds), 410 °C(X's),
380 C(Squores) 350 C(CIFC[ES)

320°C (Triangles)
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Reaction Ratio
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0 100 200 300
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Fig. 8 Relationship between Reaction Time and Reaction Ratio

Conditions : Argon Atmosphere

CH,Cl, - I ml

Iron Powder : 289 , 250 mesh

Temperature : 440°C{Circles), 410°C ( Squares),
380°C(Triangles)
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Fig.9 Relationship between Reaction Time and Reaction Ratio

Effects of Iron Powder Quantity

Conditions : Argon Atmosphere

CHoClo 1 ml

Temperature : 410°C

14 gr(Circles), 28 gr (Squares) and 56 gr (Triangles)

Iron Powder : 250 Mesh
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Fig.10 Relationship between Reaction Time and Reaction Ratio

Effects of Iron Particle Size

Conditions : Argon Atmosphere

CH2Clz : 1 ml

Temperature : 410 °C

{00 mesh (Circles), 150-200mesh (Squares),

250 mesh (Triangles)



