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Pyrolytic Reaction Pathway of Dichloromethane in Excess Hydrogen
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Pyrolytic reaction study of dichloromethane (CH>Cl,) in excess hydrogen was performed to investigate pyrolytic reaction
pathways at a pressure of 1 atm with residence times of 0.3~2.0 sec in the temperature range of 525~900 C. A constant
feed molar ratio CH,Cl»:H, of 4:96 was maintained through the experiment. Reagent loss and product formation were
monitored by using an on-line gas chromatograph, where batch samples were analyzed by GC/MS. Complete destruction
(99%) of the parent reagent was observed at temperature near 780 C with residence time over 1 sec. Major products
observed were CH3Cl, CHs, C;Hs, C;Hg, and HCI. Minor products included CHCICCl,, CHCICHCI, CH,CHCI, and C,H,.
The pyrolytic reaction pathways to describe the important features of intermediate product distributions and reagent loss,
based upon thermodynamic and kinetic principles, were suggested. The results of this work provided a better under-
standing of pyrolytic decomposition processes which occur during the pyrolysis of CH,Cl, and similar chlorinated
methanes.
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Figure 1. Schematic Diagram of Experimental System.
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3.1. Chloromethane H[¥2| FollHtS S&

FHAFa Fell 98k chloromethanes (CH3Cl, CH,Cl, CHCl;,
CCly) S5alatE o] A%s) A4S WS- L= hSAZE | sec 27) ¥
slof] w2 3lE-S Figure 29 YERASITE Figure 20 YERA w2}
2] chloromethane Z|¥ TFEZH0] HESAIZE 1 secollA] ehd w3l
(99%) %= -2 5= CClL2 635 C, CHCL2 675 C, CH,CL

785 C CH3C1'—‘ 875 CO]E]' o]‘:_ oﬂﬂxﬂ:ﬂ_ i oixﬂ o].x%}\-]
Z ol w7} el Zlow b,

CCL(635 C) < CHCIy(675 C) < CHyCly(785 C) < CH;CI(875 C)

0]= Table 12] Al A](bond energy)® = 4= SIT} Table

1of] YR vie} o] C-Cl AollUA& C-H AfellA] Hrp 2o
B2 C-Clo] EaEt17,18]. o= BAAE Lol W]
Ht T8 el AU E A ert & SEdYsE c-a
Ao L =|7} Ztolzlt), whebA chloromethane A€ 3}$HE% CCLO]
dA okgAdo] 7 kil CHyCl €2 ekgAlo] 714 =itk chloro-
methane AlG33HE2] T8 MMANEGS o3 W32 (1) ~(4)$}F 2t
I3 Figure 20 ek vie} 7EL°] £ 215(580 C olshol=
CHCL®| #3l&°] CCLET O A, W57} 5713K580 T ©]
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100 CH,Cl, + H — CHxCI + HCI (2b)
Reaction Time = 1 second
80 - * CHCl3 initiation decomposition
- - CHiGUH2 CHCl; — CClt+ HCI (3a)
X 60 Dy CHCL, — CHCl, + Cl (3b)
S - COUH2 CHCl; + H — CHCl, + HCI (3¢)
S 4]
20 * CCl, initiation decomposition
CCly — CCl; + Cl (4a)
0 i . i . ; . . CCly + H — CCl;s + HCI (4b)
500 550 600 650 700 750 800 850 900
* H abstraction by Cl
Reaction Temperature (°C) Cl + H, —» HCl + H (5a)
Figure 2. Comparison of thermal stability for chloromethanes in excess
H. 3.2. CH(L, =2oli0f ME Yd=E 2% &
Fd Foll 3§ CHCLY W55 dshr] 918 Rke
Table 1. Bond Energies for Chloromethanes[18] S(RFSAIZE 1 sec 217) 2 WESAIZHHESR % 725 C 114)S WA}
P— - AA WS CHCLE] Rl 8l 9 AHE B% BEZ Figure 37}
C-H Bond (kcal/mole) C-Cl Bond (kcal/mole) 4o ¥z ehglom, et vk QRS Fi By ghaEAs
CH:-H 105 . - A|ZA Table 29} 30 YERASITE
CH,CLH 103 CH,-CI 84 Figure 3°1& WES2E(HHSAITE 1 sec 1278)oll WHE CHCLE] 23]
CHCl-H 101 CH.CI-CI 81 SAdEe) S g vehal 2low Table 201= WHE-E(H
cCltt o6 CHOL.CI ” AT 1 sec Aol WE RABAFAL VP RS T F

Mg BE 38 5 RIS Uehich WA | s 71E
0 2 "5 CH,ClLi 600 C FtoflA] F-ai7} AlztE o] 780 CollA
99% o] Rl ATt Fo AAEZ CHyClL CHy, CoHa, C:He, HCI

- - CCl:-Cl 70

el Wk CCly #3llE F71HE0] AA CCLEF CHCL;, €7 qFg/dol o] AAEQ o n|gdER - CHCICCL, CHCICHCI, CH,CHCI,
WABRS A0 HERITE Ol chloromethane ARSI RE T 501 oy op g Eglny W CHCL7) OF 80% HalEE 740 T B2

S CHCL RS C)2) 3 member ring HOL A7) FAUSHCL otz crort A7 ez Ag9gon, weewst 718
elimination)©] F8-3] WH8-0]Ut}{3,19-21]. W&} Table 12] Agloly o W} CHyCL) 57} 7443k gl AxA o= CH,e E5r) =

2l vreRd vhg} o] CHCL 2] C-Cl AR 7H77 keal/mole) 7} J1alglom, 850 T oY) TeolA BelaslE AAEl CH,

CCL 2] C-Cl AFANA|(70 keal/mole) RT} Foll = &8} W & CH, 2 CH7F AAE Tk o] okx] Mg nlg) 7o) dstersis:
wel CHCL, o] CClt & elffeld. it Mo/l agiqime et cHuh AR} Fot C-C1 Rapsow

H 2 O
<718l el v-5(3b)3} 22 C-Cl dgikso] FAH S Z CHCL el 1l Sol xslE Bp]Zs 9lE Savbag) HhSEhe] o
et
ol et AR ow ddrsEn] HEH02 CH, GH, GHS 28 Bl

dsteslrasite AN C-Cl dEikgor AdE crdat aalarEa) 7)Ee] Aoz A7 AAE S 9= HClo] AT
[e]
=

T °© = T M
o ol F74 Ralurgol FoFt olng Ak 53 23

Figure 40l HFSAIZH(HH-S-2 % 750 C 11%4) WH3}o] whE k&

WS =g oM = F+2WH-S(abstraction reaction) @} -2 O] FAHE CH.CL #3) 9 0 AE 22 Jeh)9)om, Table 30 WHS
3fl(bimolecular decomposition)”} w3flol] 5.3+ AAshS- sl & A+ AZKRFS2E 725 C 1274) W3tol o n)gk YA ES E3F5E A
sk el e £A7F W WS AT TR FA WEBR g ne gy yerEs va EAFARA ehigld, g
I WEE(la), (2a), Bb). (Aa)sk Bl C-CLEHES 218 BYR 750 oy gaIzte] Z7E3tel wlet WHEE CHCL FEE Past
CHIAR: Ao Sl Foisa WeGash €2 A AT H - qom 121 448 cHCrs 27110] 07 secold] 78 22 51
zzu}% | o]Fo1#] HC1Z s HAAP A EE HES(5a)0] 2 = YJeERY 714317 A2 CHCLlE S/ 7H457] A1FSRE= 0.7
sl AgE HelAel] ok CI FEE(1b), (2b), (), (4b)°l <3} sec O]F 22} =Rl CHy e 7 FAR0H, wHgARE 1.0
CHiCl, CHzClz, CHClL;, CCLE #3iA171th sec O] = BA2shE GH,, GHOl 57} Axpd o= Z7)et
At} rrak vk Ag*g Q1 CHCls, CHCICHC1¥} CoH3Cl2 HEg-AIZE
* CH3Cl initiation decomposition 0.7 sec ©]Ao] 1 T2 JERJt7} vk A 7ro] 78| 7hAs)
CHCL = CHy = (19 o wAsow ges SR S7RI7] Al B Aol e
CH;Cl + H — CH; + HCl (1b) CH,Cl, w3ll9} AdE FEZ] #3 & Figure 39 W25 w
& Sed AEEe FARE 7 ?% & UERfa Sl

* CH,(Cl; initiation decomposition
CH,Cl; — CHxCl + ClI (2a)
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Table 2. Carbon Balance with Temperature at Reaction Time 1 s.
(CHCL, : H; = 4 : 96)

e

AT 641

Table 3. Carbon Balance with Time at Reaction Temperature 725 C.
(CHCL; : H; = 4 : 96)

Species Reaction Temp. (C)

(mole(%)) 625 675 700 725 750 775 825 900
CH,4 0.1 15 46 148 348 592 911 965
CH, ND ND 01 01 01 01 01 03
CH, ND 01 06 14 23 31 46 64
CHs ND ND 04 19 38 49 51 35
CH;Cl 46 213 38 57 561 374 31 ND
CH,CHCIL ND 03 06 05 02 ND ND ND
CH,Cl, 98 83 605 313 98 15 ND ND

CHCICHCI ND 0.2 0.3 0.1 ND ND ND ND
CHCICCl, ND 0.1 0.1 ND ND ND ND ND

(ND: < 0.1 carbon mole (%))

100
Reaction Time = 1 second

- 80
<

_a}\:
o

F40 =
O
I

20

0

Reaction Temperature ('C)
Figure 3. Product distribution vs. reaction temperature in CH,Cl/H.,.

3.3. )gkl%q =Q I:II_%

g0l whet A oR
o] e} SN EL REARE o] g3te] Fsle o] F{17)7
gt BAA|[3,22-24]5 AR FQ WSAHERE vFed e
At

-850 CH.CLE 7Fsdt whtal #-8lik-e-5 WH8(1) C-Cl 32
4k FA =] 7F 80.8 keal/mole[17,25]1F, WH3+(2) HCl AAW-S
105 keal/mole®l[26] B3l EA wo} ¥R (1)©] CHyCl, 3ol sl
Al qekg st

Oh!
Hu
kJ
W |‘[|Z|_'

CH,Cl, — CHyCI + C1 (1)

CH,Cl, — CHCI + HCI 2)

CH,Cl, E-afjuk-go] Raig ol wet 12k ZHEZ 71 go] A
AEE CHCLE 9H&(1)ell )8l A4 CH,Cl o) Zho] thge] 524
BAF 71AZ24(96%) 7 WH3)ell <) A3k

CHxCI + H, — CHs;Cl + H 3)

I U2 CH.CL w3lREg- 43 B0l CHCl AN 2 &= vk

Species Reaction Temp. (C)

(mole(%)) 0.3 0.5 0.7 1.0 1.5 2.0
CH, 2.5 5.2 8.5 148 263 364
Gl ND 0.1 0.1 0.1 0.1 0.1
CoH, 0.3 0.8 1.1 14 15 1.4
C:Hs 0.1 0.4 0.9 1.9 33 4.0
CH;Cl 246 378 471 57 612 573
CH;Cl 0.6 0.8 0.8 0.5 0.2 ND
CH:CL, 734 581 471 31.3 17.1 8.8
CH>CCl, 0.1 0.2 0.2 ND ND ND
CHCICHCI 0.4 0.3 0.2 0.1 ND ND
CHCLy 0.2 0.2 0.1 ND ND ND

(ND: < 0.1 carbon mole (%))

100 100
Reaction Temperature = 750 °C

. 80 - HCly o I 80
S ) ~
= 60 c G F60 S
3 - 5
T 40- L4 =
o 40 40 S
6 I

20 4 20

e ——CHiCHs
0 T T T T ﬂ
0 0.5 1 15 2 25

Reaction Time (second)
Figure 4. Product distribution vs. reaction time in CH,;Cly/H..

(Hell <Jsll 88 At ¥-g4)s) 2ol AFoz FYdd T4
Apek Whgstel HelAE A3Adske] Rka(5)9} (6)7 2 N R
23l CHsClo] AAE T HE(5)F (6)°l141 9t o] HYAR= WH(5
W Z2REL BES(6)0l1A ThA]l AP R FHESo s By
AA= ARER] &g Al 07 W20 Hofsko 2 CH,CL
oHHJT vl 8-S S Hek o)9h B2 w2 delEH o Qb
H dasEs AT S48k vh3olt

pg

w13

oL

0

Cl + H, — HCl + H @)
CH,Cl, + H — CHyCl + HCI )
CH,Cl + H, — CHiCl + H ()

CHyCl, + H, — CH;Cl + HCI (overall net reaction)

£ A7 HF AFETol shRl CHy A/IWHS-2 CHiCL A/t
S7AZS} Wl fAFsH, CHy 23l 4 olUA)= 105 keal/mol[17] %
ol o} B ol o) W2 ool B E %] 9o} Figure 33}
2ol CHy % AL YeREA ko Qi

CH;Cl — CH; + CI @)
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o

CH; + H, > CHs + H

CH:;Cl + H — CH3 + HCI
CH; + H, > CHs + H

CHCl; + H, — CH4 + HCI (overall net reaction)

|

L

chloroethylene>- 015430 & C-Cl 7te] Agovx]7} AA d3}
Aoz Y SREE A3 REEREY M= b Wt
ZHEEe] €3k C-Cl NS 2] Ul o] & 33 et
& W2t e wEr BT HYRlel st o] et
-5(bimolecular)ell 2J3l @Al B4 Hhgo] Y rH23,27].

CHCL FoAARES A 7= w31l o8 AAE S =7 2 Cl
A7} v A o] w113} o] WS CHCLO H FEHH-3
ol &J8ll CHCL, gfejzto] AJAd=o] vE-8(12)9F -2 CHCl+ CHCL9]
ARESel o3l A== S35 CHCLCHCL7F 4 member
ring HCL A|ARRE-e] ¢]3] CHCL7F AV 527 22 2|23}
)z Whgo|m e AL u|Zo]r}2g].

puns Y|

o ¢

CH,Cl, + Cl = CHCl, + HCl (11
CHCl, + CHCl; — [CHCLCHCL]
— G,HCl; + HCl (12)

CHCICHCIZ} CH,CCL, "3/32] RS2+
AJ¥ CHCL, #ht)Zo] vkg(1)el 2l A=
o AAE SAEFA7} WHS(13) 2} 2ol W53
CHCICHCI 5= CH,CCL7} A8/d = m, gt HAAel| &% C1 &4t
S(HF(14), (15)3 HE7F wAX2-3(16)°l 23l CH,CCl
CHCICHCI®] A= w27 w2 gy gojze] ghgo|Bs
wlg gk

HE&(11)° <13 A
CH,CI 2}v]Z3} wh-ga}
188 & HClo] Al Ao

.
=

CHCl, + CH,Cl — [CHCLCH.CI]"
— CHCICHCI + HCI (13)

CHCls + H — GHCl, + HCI (14)

CHCl, + H, — CH,CClL + H 15)
CHCls + H — [CHoCL]
— CH.CCl, + Cl (16)
CH:Cl A A ZE wk-g(1)ell 93] AAE CHCl 2ht]Zol
CH,Cl + CHyCl A3EEol €J3) CH.CICH,CIE A% § W-g(17)
I} Zo] GHCIE Akt et ukg (1)l 28 A% CHCL2}
CH; ZHe]zre] Agkgel ol CHCLCH:E A8E 5, wh-&(18)%
o] CH:CIE AgE T 19 CH:Cl A W7 2= HYRlol 9
Sk HEE O F HEE(14), (15), (16)% 22 FAFSE WSO % WEg(19),
(20), 2D)°l 28 CHsClo] 34 ALt

T
a-

CH.Cl + CH,Cl — [CH,CICH,CI]*

— CH;Cl + HCI 17)
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CHCl, + CHs — [CHCLCH:]"
— C,HsCl + HCI (18)

CH,Cl, + H — CGHyCl + HCl 19)

GH.Cl + H, —> GHsCl + H (20)
CHCl, + H — [CoHsCL]”
— CHiCl + Cl @1
Figure 304 YR vie} o] 1.2 WA A== g4
2319 e 5 CH, 9 CHeE CHZF A7) A= 650 TH-
THE AGE7] At 27 F7EE] wel eksiA]l 7T
CHi8 CGHe 72 AHZE v 2ow gdhapgelr] 4w
CHs, CHCl 22 2ozt AEgell 28l CoHeSt CHA7t A4
=8

CH; + CH; — CyHs (22)
CH:Cl + CH; — [CHCIJ
— CH, + HC (23)

CHs + Cl — CHs + HCI (24)
CHs — GHs + H (25)
CHCl + H — CHs + HCI (26)
CHjs + H, — GHy + H @7
CHiCl + H — [CHCIY

— CH4 + Cl (28)

ufat

APHow BAE APANE FPOw

g weleh e B 548 sl dstslol #1719 A
St BAIB,22241 5 AR A E A RE AEglon T

APEAS 7FoRE MHEAEE Q9Fste] Figure 5ol WERASIT

= 13 FIHIAEE] CHiCl, CHCL,
CoHoCly, CoH3CIR> Figure 591 kellA A o]zl bt} o] CHLCl
oAl A= CHCL 223 Cl ARl ofst 2918 Rkg-E<l
CH.CL S} Ho8} Wkgste] AAE = 4 E7F & CHCL9 H A3l
ogl] B} & ol e A3k F9)H vH-E<Q! CH.CL
9} Hp8} WhE-sto] A, ol S =5 H YAt gt &
EHHS-I HE7F WA X 3h-8(replacement reaction)©l] &3] TAI &
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