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BOGA#E NEE 18mm EZH50ecm O 7 vy 7 %
WFET, chELR 30cm O BEIRO BELHF I
FHALTHN DT, MBS NBEHO NERE Vi
75ml LFtE I NIz,

GTRE R BERFOESBICH B BITE A T4 &
v 7 CHET2HICL OBV, MERIEHT 22
WOANCH 2 FMTHL, TR THO ORIENE
BOREN—T L KD, KICEHNDOER Y &M
Lo lzDB, RIGH A 2IELRDIZ, EH A1
305D, T 2. 5ICRRBHRTHT LI,

EEOHIEFRITEDOHLRIIE > T, AEEICH
NIZF VAN - 707 2 VEER, S I0 KRR I
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(Schematic diagram of apparatus)

R AR
H A2 (Gas holder)

g KX

(Gas cylinder of methyl bromide)
(Generator of chlorine)

BRBAY i 0 A (Washing bottle with concentrated sulfuric acid)

EEREEH (Orifice flowmeter)
Jrany=1 (Reaction tube)
R (Thermometer)
ELH (Electrical furnace)
F 7y 7 (Air cooled trap)

X AR A (Gas absorber)

(Marionette bottle)

Ko THIE LTz, BICEWORIESE 3.1.3 10k~
DX —RTIHAENWD T, BERFDAONS 10cm
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3. 1. 1 HbKkFEOEREL/ONLTOLA
SUDERE
RO BIEILSE 7 - THEAWKED LIEE 7 7 v
T LAR Y DEREEOEBREINTHIZ, ZEDIZ
»iZ Figure 1 OF 2 fiEE/r @©® % Figure 2 D
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Figure 2. #HfbkEr/soprraniz
> DAEREIIRD 12 0 D EEH B R K
(Apparatus used for comparing yielis of
hydrogen chloride and chlorobromomethane)
@ Bt 7 v 7 (Ice cooled trap)
® HFAFPWUT A (Gas absorber)

Table 1.

Oml $
LizhioT, COEBRTWHIRILEKIIE, BEY X
FOERKRO S B, FNRTNRGLIZrY Z0E&%
EITDITT, OBICHTES I-XZENZTRILE
T TWEINEEROLT LI D,

T~

DI LTERBRLUTHZ, T7405, REEMDHIZ
2%, BHIT Ty F3ET AR A3 FEES
CWNT, Bfme b Ty SN, SRRSO Bl
KELERE 3 vy ) 7 LB E NIl AR
AR L 7,

i U bk L R 2.5 R LA U A
TIRCRZ2HE L, TCORER L CIEIWKED £
B HED B ERD, (2) OERLEE RS
&L,

CH;3Br+Cl,—»CH,CIBr+HCI @
yuapTan 2 Z ATEKEESEEVEL D ERE
LT, zaprar g2y EnlBwer 25D
A

SUE Wer 3D+ 7 » 7ORISHIBROCEEZE
ZEELICDOT, PERY OFEICREABRORZNE
Wegrb 2EZonwn, (3) Mk IZELE,

FAUKRDEREE 7 VT w L AR Y DERED R

(Ratio of hydrogen chloride and chlorobromomethane in the
condensed products of chlorine-methyl bromide reaction)

E B ) A | NRE [ R R ) MEERIE | EUE | X B4 o

=& Tﬁg‘tal ﬂz% Mi)ﬁure Tempe- |Rate of con-{Theoretical|Experimen-| Ratio of c ‘&ﬁ%ﬁ’: ¢
Run w ratio rature  [sumption of] yield jtal yield vields Ondl 101. o
No. | F(mol /hr) R t(°C) |chlorine X| w(gr) W(gr) Y (%) condensation
_ K—8E

1—1 | 0.428 2.58 321 0.997 6.22 7.3 112.6 |(Nam_[HZOD

1-2 0.457 4.37 287 0.983 4.55 15.5 3341 4

1-3 0.471 3.74 296 0.994 8.33 21.4 253.3 7

1—4 0.575 6.19 280 0,965 3.48 4.9 132.3 4°C

1-5 0.654 4.51 312 0.991 6.05 7.5 119.1 4

1-6 0.793 3.21 345 0.998 10.76 10.9 98.5 5°C

1-7 0.729 5.85 270 0.766 4.06 4.3 98.6 v

1-8 0.657 5.85 288 0.985 6.22 6.5 99.6 z

1-9 0.517 6.12 | 305 0.982 3.86 4.1 98.5 p

1—-10{ 0.417 8.01 | 309 0.979 2.48 2.7 96.9 g

1-11 0.414 310 0.3 5°C

1—-12 0.213 294 0.3 7

* 3 AACHT RO L BVOEENICT L L EVOHEKENERT D EELD,

* 5 FOREE Table 1 DREHHEIHCR L,

¥EWo T 7y THRICHBDETIIEND, EREKTHICEESL LTEKLVEBEVEL A FVFIEN o TND

DI ELIZbDEEL D, (W=0.3)




L7chto TECORIRICE » THERT 2 ELRH L7 2
WVIHRLARSTHD,
3.1.3 B B & %
RIEEDHDREESINI-DNWTIE, HORMICT

y V=1,
w

" x 00 (€))

K5HUZ Table 1 DFED CH-T, THANDHRDH
PNE B,

BAL A FNVOPEEE 4.5°C THDW o, HEF1
B 5 FETOURN 100 22 % DDIFBIRTH B,

FEFICEERISEWIZ O RIS D BAL A F v 4 S 03 BR it o

LTWEN, LaLans, 656100k nTiE, 5 g

°C CIREML A FMT IFE AV EBET s avr el g

ARVRFE A LB EREL T BT R 5

LARYD BIE W & LD THBH Table 14 e

Rehassic @ : | ‘ 1
Y=98.4%0.9 ) W& 5 76 15 26 25 30

EHBHBON—H2RELTNS, Lib W OME: d(Distance trom inlet ot furnace)em

B EORFE2HANTHADTO. 1gr BEQMBER ST

BANHEELIDL, CORBRIZITHETIRELD 300

EBS, LiztoThBEravryai g v 2EE
BTTICHKHEZERL T, Wb angdinftxed
S>THREZRED LTI CHIKT 5,

3.1.2 BEMYPONS

t(Temperature)*c
n
(@)
e}

3NN TN BEMERB LI A BRI 150
. c ok TS 2y e G | ] l
ETO;A* NRAEL, FOBRKEEIL66 69°C0)— 5 S 25— 253
FACEM L, BHPOLER 17.5°C ©1.907, Wt d(Distance from intet of furnace)cm
4T 11.5°C T1.4862% /)1 L1z, ZDHDREIC 2 Figure 3. KRICEHULE -OBEA

(Temperature profile along the axis of reaction

SBLTHEBCOLDRED, TneHFyA7VYT b Total 1 i N
. tube : Total flow=0.4, Mixture ratio=5
"5 73BT L& %A, Tabl Z R . re e ae
T T EBTHKLI2LT A, Table 2iC RI&K O RIS R BT DL
SHPHRO DL ENDholz, FILZOLDIFAL (before the reaction starts)
{ Table 2 I RT LS BYHEHKZ D > TN, & <O UGH 228 L THBRDREII
UL A (8 66.5~68.5 (760mmHg), HE -~ (after the reaction starts)
25 i o - . a) temperature=280°C
1'930( 25—)’ Y71, 480 (25°OISENET H 2 (b) temperature=308°C

Table 2. 7+ ® &£ B W O K& 4

(Complete analysis of main products obtained by thermal chlorination of methyl bromide)

W T H = L A TR
Material Chemical formula Composition

Methyl bromide CH;Br 0.3%
Carbon tetrachloride CCl 4 0.6%
Methylene chloride CH.ClI, 1.0%
Chloroform CHCl; 0.0%
Chlorobromomethane CH.CIBr 95.2%
Trichlornbromomethane CCl;Br 0.0%
Dichlorobromomethane CHCI.Br 2.9%
o OEH E ¥ B, P. 68.0°C
Physical constant of dig 1.948
distillate 20 '

n, , 1.4820

* BIEAFNVERD,



S TS NEET mm OFESEhE, 7oA. 3.2.2 R EEILE
ra A VBRHEBHTAFICL DU L, ZO/RE LRI T2 MBDORBEEFARDZZHICR=5
O —fiz Figare 3@ (a)(b) IZ7R L1z, MO HH KU 3DEMTIZ, F=0.6, 0.4, 0.2 D3 DDEE
FEIEH 22 HTEIO, SBERLTABHLTOS IZDNWT, 2L 2 TEDIEEEOMGKREH
EURIEIC 7 - IEF D BRSO IRE R 1 L TN D, ~NT-FERE L% Table 3 540 Figure 4 (27157,
chickdE, KT 2BFHLI) o220, A 72t LRUGTREZ 3.1. 3 10~k Dic, AOmH10
OBEICRECE FA2ARS A, ke LTHNARIC cm (NBEMLED Y DL ADREEEANVTEDL
THhTNWRZEARRITENS, Fiz, TURTEHLTZIE THhd,
RISED 72 WO BE XL D 10deg FIED [ FHHH ZORY, COREDRBOHETIE (§8bb5.
BCENRBIONZN, TOHRTIE 2.4 10BN Vi=75120W T FL0.6) B ibRichF D K=
EHITEBSEOALLD 10cm O & AT AL B RERBLZILNC EDDNE, FEEORWITS
OBRHEREISIWEZ EEOKIGIILE LTI, £ T R=5DEAELY & R=3 OR&ED TR
NENDFEREEDTCEICLID, Bna@AmnilRZronsn, Chidiko3.2.3T

3.2 65 {t = WMHT2C2120 3,

3.2. 1 EtRCHEEEXZET o 7 T T ]
(2)RDORGEERIL A F VT DN T—K, HiRCTD J
WT—R, &fkd LTTKBUGE HE* To&, 0 - o ]
RIGHEEHIE (5) ATEDLINB. 1
N L T
CCTREREEEE E, PRROATELDT, = 1 =
Linio TR (6) RDBCRDENS, = | | B
X=fi(R, P, F. V,, &) ® 3 <
—%, BUSHIEEHE (7) NTLDIND, = % s
e Ae(- ) D | o -
CoT A BEERT, Ry e E mikts ? Eg% ERN
FF—2EDT, (6) K (7)) X2FLHdls | W F=04 tR=3 i
Zkb (8) ArEoNnD, EOFR) L L g ;%3999
260 280 300 320 340
X=fo(R, P, 1", V., T, A, E, R) ® t(Temperature)*C
€OoB, A ERCORGENEDER R VB pigure 4. gigoBIKICHT 2 RO L
THBDT, CANBHEDEHE (P=1) ICD0T, (Influence of total flow on the rate of
R, F,V,, T X252 3 82 MRTIT ST consumption of chlorine)
P F: §i& (Total flow) R :EA&H (Mixture ratio)

Table3., H X OBAERICH T >HED LB

(Influence of total flow on the rate of consumption of chlorine)

KB o o | BA | ERE - . | G X OEEER
E 5 Tﬁ(];EI 1 fI? Mixrtlure Tempe-~ ’ iR %Y Time factor !Raie of c_gn- Rate )zons[am!
Run a w ratio rature 1/Tx10%1 VJ/F 1/Su(sec)* lsumption of] A(mol/ml
No. | F(mol/hr) R t(°C) (1/°K) (ml.hr/mol). VLS Ichlorine X hr.atm?)
3—1 | 0.671 5.62 333 1,650 112 8.1 0.992 | 6.00x10°% |
3—2 0.636 5.15 301 1,742 118 9.0 0.968 4,08x10"2
3--3 0.598 5.25 268 1,848 125 10.2 0.048 4. 71X10°¢
3—4 0.618 4.71 312 1,709 121 9.1 0.980 4.65>1072
3-—5 0.613 4.73 286 1,789 122 ! 9.6 | 0,941 3.27%X10-2

¥ COERTIERIGEREORGNIITO N0 12D T, TORENIELNAES I, BH, BT 3.4
Ehrdd,

— 5 —



3—6' 0.603 459 | 319 ‘ 1,689 | 124 ] 9.2 { 0.989 ‘ 5.32x10°%
mean ’ 0.623 5.01 ’ ‘ } 21| j { !
3—7 | 0.411 4.59 280 1,83 | 182 14.5 | 0.892 1.72x10-2 |
3-8 0.419 5.86 304 1,733 179 13.6 0.983 | 3.07x10-2 |
39 0.398 4,29 296 1,757 188 14.5 0.977 3.00X10-2 I
3—10 0,438 4.40 322 1.680 171 12.6 | 0.991 4.12x10°2 '
3—11| 0.421 4.34 315 1,700 178 13.3 ; 0.991 3.95%1072
3—-12{ 0.402 4,21 285 1,792 187 14.7 | 0.948 2.35%1072 |
mean 0.415 4.62 | 180 { i |
3-13|  0.233 6.15 268 1.848 322 1 261 0.177 | 7.12%10-% !
3—14| 0.256 4.54 276 1,821 310 | 24.0 0.693 5.18X103 |
3—15|  0.236 5.03 303 1,736 318 ‘ 24.2 0.989 2.01%10°2 |
3—-16] 0.237 3.91 283 1,798 317 | 25.0 0.954 1.50X1072 !
3-17|  0.245 4.24 332 1,653 206 22.2 0.996 2.73%1072 |
318 0.249 4.36 321 1.683 301 22.2 0.993 2.46x10-2 |
mean 1 0.243 1 4.71 ’ I 310 i ’
| |47 f ‘ ‘ ]
4—1 0.555 3.14 301 1,742 135 10.3 0.985 5.44% 102
4—2 0.598 3.17 316 1,698 125 9.3 0.996 7.92%x10~2
43 0.589 3.01 345 1,618 127 9.0 1,600
44 0.603 3.23 327 1,666 124 9.1 0.997 8.19X 1072
4—5 0.608 3.34 271 1,838 123 8.9 0.161 1.90x10-3
4—6 0.607 3.52 285 1,792 124 9.7 0.965 4.42X 1072
mean I 0.593 3.24 126 i
47 0.454 3.76 274 1,828 165 13.3 0.086 6.97x10~*
4—8 0.417 3.2 284 1,795 180 14.2 0,869 1.80%x1072
4—S 0.427 3.21 297 1,754 175 13.5 0,959 3.08X 102
4—10| 0.406 2.75 314 1,703 185 13.8 0.984 4.27%X 1072
4—11| 0.422 344 327 1,666 178 13.0 0.993 £.75% 102
4—12] 0.418 3.41 340 1,631 179 12.8 0.998 5.82X 102
mean ! 0.424 ’ 3.31 177
4—13 0.254 3,13 271 1,838 295 23.8 0.198 1.02x1078
4—14! 0.258 3.48 288 1,782 291 22.8 0.938 1.53% 1072
4—15| 0.223 3.19 302 1.739 336 25.6 0.981 | 2.06x10~?
4—16 0.227 3,05 313 1,706 33] 24.8 0.990 2.51x 1072
4—17 0.253 3.92 324 1,675 297 21.8 0.997 3,15x 102
4—18 0.224 3.00 336 1,642 334 24.1 1,000
mean | 0.240 3.30 | [ | one | ! J
|
| 5.28 | | | | | |
* Sy : ZEfSHE (Se : space velocity)
3. 2.3 RAtLEmbE WTEBPIT o i 5%, Table 4 5 L UF Figure5

EIERICH T IREHOBEELFHD/IZDIC, F= 7RG,

0.4 T, R=5, 4, 3, 2% & ZBLIELEBECD CORBENORBARREEDELRIIEASEER

5 —



Table 4. WEORBELRLYTL2HAEOESR
(Influence of mixture ratio [CHyBr Mole/Cl:Mole] on the rate of consumption of chlorine)

ER| 5 g | BO K| UGEE e T B L | WEER
x5 Tﬁntal fl% Mix;ure Temu;)le— | R HERE Time factor Rate of ggn-l Rate constant
Run ots w ratio rature ' 1/Tx 10? VJ/F ‘ 1/Su(secy sumption off %(mol/ml,
No. |F{(mol/hr) R 1°C (1/°K) |fml.hr/mol) v 7 |chlorine X hr.atm?)
s—1 | 0.466 4.12 200 | 1,885 161 I 13.0 | 0.07 | 6.36x10-
5—2 0.420 4.27 | 309 1,718 179 | 13.5 1 0.991 b 3.96%x 1072
5-3 | 0,411 4,10 281 1,805 183 ] 14.5 0 0.971 | 2.96X107?
5—4 1 0.417 4.25 296 1.757 180 | 13.9 i 0.988 | 3.72x107¢
S—5 1 0.403 4.44 342 1,626 186 | 133 0.998 | 5.18x107?

i | .
5-6 | 0.402 4,40 | 326 1,669 | 186 | 137 | 0.997  4.61x107
mean 0.420 ' 4,27 I 179 ‘

R S -
57| 0.398 3620 | s 1,700 | 188 4.1 0993 | 4.36x107?
5—8  0.398 3.52 272 1,835 188 15.2 0.955 2.64X 1072
5—9 0.39%4 3.67 282 1,801 190 15.1 0.977 3,19%10°2
5—10! 0.408 3,52 294 1,763 184 14.2 0.988 £.00X 1072
s—11| 0.405 3.34 323 1,678 185 13.6 0.997 5.33% 1072
5—12] 0.420 3.68 341 1,628 178 12.8 0.998 6.03%10?
mean 0.406 3.56 186
5—13]  0.365 2.56 328 1,604 206 15.0 0,997 | 5.87x107
S—14] 0.368 2.48 339 1,634 204 14.6 0.997 6.28X1072
5—15| 0.407 3.33 308 1,721 184 13.9 0.992 4.49x 102
5-16| 0.376 2.58 297 1,754 199 15.3 0.986 | 4.29x107?
s—17] 0.375 | 2.69 283 1,798 200 15.8 0.974 | 3.49x1072
s—18|  0.397 ! 2.90 272 1,835 189 ‘ 15.2 0.961 | 3.10x1072
mean | 0.381 2.76 | | w7
—19}  0.426 2.20 288 1,782 176 13.8 0.979 4.94x 102
—20| 0.389 2.00 303 1,736 193 14.7 0.993 6.59% 102
—21| 0.386 1.92 344 1,620 194 13.8 1,000
5—22| 0.406 2.21 312 1,709 185 13.9 0.997 7.49% 102
S—23'  0.409 2.05 326 1,669 183 13.4 0.999 9.47x10-2
54—24] 0.415 2.17 271 1,838 181 14.6 0.938 3.32% 102
mean | 0.408 2.09 | ! | s | |

| 0420 | ‘ ] | oas7 | | |
i : !

BEZLNC EHDND, R=205E5CT b
NBOE, MOBSICHSTHEHEZBE N KD TEL
BICT 2izoh, T2k, RALAFVICHEFRT:1
LN B FIREYE A LTk i o THh S
5, S&D3.2.2TR=5ER=3DEFAI LRI SN
LDDEAKBERTHSD, 2LCCDLORES
PEWEREOHSTEHIL DD LFIRICK 21F & #iliE
AR EL—BIRE S &R Loy,

W3, 4 BRV S ORERPHEONLMEE, (2)
ROREHN R TH B L FELT, (BRI L
1o T RISHIE R 2 F LI #5%, Table 3%
KU 4D EDMICRY & & biz Figure §Io7R L7,

TN LD & 280~350°C DIIZ 51T 5 MEEHIZ
KD (9) RTkbIna,

8500
RT

b sens (5390 mahe a9

* RA1ISHIEXD/INENWE T A TIZREEN LU IEHZINTES 220,
B CDBERMAFNL ML, BIWKEL =VRERETD, Lo > T AATORENBEILIZZN,
¥R DBICRSOIMTEOELZNIE LW Enbho i, .

7
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Figure 5. HEOBRLRIINTIRELOTE
(Influence of mixture ratio [CH;BrMole/Cl;Mole]
on the rate of consumption of chlorine)

F 5t & (Total flow) R : B&H (Mixture ratio)

i T 1 T T
i ; | i [ ! | [ | ( |
B70 360 35 340 330 320 310 300 290 280 2701C
-1i- o X & Ay § “30.1
of +- 0 X E
o TJ\ED\GQ\D.’\L?Q-% 4 . 5
- > o) ['O ° g - B £
] e | O + E
3 - e %O S
-2r <001 £
< o k5
3 ’
+ F=0.4 R=4 41 F
- = e -
-3l A ER4R=2 -oot
O F=OA}R-5 @ G
O F=02 V=75 il
A F=0p :
~ F=O.4}R=3
$
o Fi"g}m V=55 |
-4 < ! I | y
1.55 1.60 1.65 1.70 175 1.80 ‘LG%OOO1
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FRIEHEOBO BB IIEL 8> TEIZDT, KIS
OBRF & BDORAMEEIE TR, b5, I
B0 RIGEHIC A E5mm, W 3.5mm, £X 5cm
DEBDH 7 2B AOAFTA L CEBRZIT R 12, &
D}s5% Table 5 127 & & biC Figure 8 121X

ISERES Bml OFE IR L, CoBs, F
ORI V,=75ml DB &0 165ecm? | [f~ 600cm?
ERO WAEE Lo TWDY, RICEDAEREK V.=
55ml 2755 THRD L. TWD, FORKEELERLXE
FBDICKA0deg L WS ENEL TS, CNiE3.2.4
IHEE LD BB R D KELBRVWREE®RT 2D
TRILNIZAD ), FNXD D LAMIEEDRTD
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Table 5. BUSTYO73% 55ml DB A DR DK
(Rate of consumption of chlorin: for a small reaction tube [55ml})

E B I & | ROGIRE e T s Al * WEER |
) 'Ipﬁt ! ﬂ%l Mixture Temlge— FIRH Time factor Rate of con- ! Rate constant i
Run | 198 w ratio rature 1/Tx 10° Vi F l 1/Sy(sec) sumption of  L(mol /ml i
No. | F(mol/hr) R t(°C) (1/°K) |im!. hr/mol) v\SEC) lchlorins X hr.atm?) 1
g8—1 1 0.374 2.74 353 1,597 147 9.5 0.951 3.77x 1072 |
8—2 | 0.362 2.75 338 1,636 152 98 i 0.952 3,69% 1072 E
g8—3 | 0.367 2.85 325 1,672 150 10.0 0.9:0 2.96X 102 i
8—4 | 0.373 2.92 316 1,696 147 10.1 | 0.866 2.70x 1072 '
| 036 | 2.8 149 | ‘
. L — S
8-5 ! 0227 | 3.4 306 1,727 242 25.0 0.555 | 4.78x10-% |
8—6 ' 0.210 Y502 325 1,672 262 26.2 0.909 1.54%1072
8-7 1 0.208 3,58 354 1,595 264 25.2 0.990 2.88X 1072 |
8-—8\ 0,206 l 4.64 338 1,636 267 261 | 0.970 1.90% 1072 f
o3 | s | 259 | ‘ |
S | | | | !
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Table 6. FA/u< s 771086133/ 07 AAbx 2 »ORERH
(Retention time for the halogenated methanes in the gas chromatogram)
£/ . B JK . ¥ & Eete{ﬁloﬂj‘tmﬂ Relﬁltl}jnﬂjtfxrfg %tlo
Material Chemical formula Re (min) (CH,CIBr=1)
Methyl bromide \ CH;Br 1.34 0.12
Carbon tetrachloride CCly 4,81 0.45
Methylene chloride CH,Cl, 5.64 0.53
Chloroform CHCl, 9.71 0.90
Chlorobromomethane CH,CIBr 10.70 1.00
Trichlorobromomethare CCl;3Br 13.65 1.27
Dichlorobromomethane CHCI;Br 21.81 2.03
Column Polyethyleneglycol —1000
6mme X 3m
Carrier gas Helinm i
50ml/min !
Column temperature 110°C

B l

3.3.3 BEHARDORELENS
3.3.1 THAT 5 12 BRI 2 DUE LD/l D
HBICK T 2B EZONI-DT, 3.3.2 TR~
TEET, BEARICX DAY Lo BEme s s
L7z&Z 5, Figure 10 DL SRR BN,
CDXSIRPFETIC LA oT o/ s mL 2R
/Q%ﬁ#ﬁb,y/mW7uAfﬂV@ﬂﬁMOf
WBDIE, AZ YOERILOBEON Lo n 2 HE
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HREDP—BATED DN ER L TNECETHD
100 T I

80 &\w/'/k i
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401 m

¥ (Composition)

20pLHp n
mﬁ\o\\ o
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R(Mixture ratio)

Figure 10. [FORLY % DR A M, & B O RS
(Mixture ratio [CH;Br Mole /Cl,;Mole] and
composition of condensate) temperature =338°C
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EEZNIT DI,

CH;3;Br+Cl,—»CH,Cl, +HBr an
LIhioTT, Z7apran iz yORBRELTS
ZHICIE, REREL (T EBR>ANEEL
VW) LTREHTHD I 7armranrr DA
FV rOENEP S LRSI,
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Table 7,

HBEICSTBRIEERY O 5K

(Analysis of condensates obtained by high temperature chlorination)

HOBR D B A 7 ISE .

S I % Composition (%)

Run v ratio rature ] Carbon
Now | Femolhnl R ;(5Cy | CH:CIBr | CHCL:Br | cu.cl | cucl, garbor
10-1 | 0.407 4.30 315 79.9 13.3 6.1 ; 0.8 none

10—2 0.381 3.81 374 81.2 13.6 4.2 1.0 nosne

10—3 0.393 4.25 443 80.9 13.8 4.6 ! 0.9 none

10—4 0.381 4.27 498 68.2 24.3 6.9 | 0.7 little

10—5 0.302 3.10 552 35.3 60.3 4.5 ‘ 0.1 large
mean 0.373 ‘ 3.95 1 1 ‘ i

10 4% 38.1 (13.5) 3.8 | 0.4 4.2
10— 5% 8.0 (13.5) 1.0 0.0 77.5

* CHCI,Br AN BIZZES A (13.5%) & LCHIELUTHRE, BOPRES LI

FRELDIIHMALT, 350°CHIETC LIk d, LA
2o TRERFWE SRz R s Bfians, —5
BIENROELDEEBRPTHD 7o VvTHLAZ
YOFRBPDEALA F N DBGHRENFEIND, ECT
RItRE2 L RS TER T 2 Z2HIRTHET S
EEbin, EROs 55 CIC LT BFETSD
D, HRI7OZ I FIEBCHHFLIL, TOKER
# Table 712 mpif B2 & bi- Figure 11T ;R L
=y EBRES4, 5OHERRLIZDOICONTIEY

4 1

AFCRRTEIZC &2 BT D& ROKSICHK
5,
Bl A F M DEBERIIC W TIE, R 280°CLL 1
=, FE0.6mol/br LIF (KINEAK 5mIcDE),
B&H 2 ~5 OEERNICHNT,

4 BEEFADBEGHIKEDECHTHE, ERLIL
HLIKEE 7 a7 e L A8 D'V T ERHE
DOEHEENTR LT 2,

v EFEOEMRIEE S KICEHOABICK o T
IR E BRI 0%, MEPEAIICEDE
DRI, RENDIBEIVECADZE (W
270°C IR LR ZRHICEL LD, FLRA—D
RBTERICEORBEINES {155 HEERIEL
%%,

N EOFENMEERICESE T T, BETHER
(FFICTE L TR 5 ~ 6 FFIDD o —EIC 75 5,
—E— o ImE I LEWED L DTET
2, Lol, BEOREFZAELTEIHILT
LbEHMSER2EZ 0D,
= ERFAOBEIE, ERBORBRICEERSA
B, BAEKNVKED LT HTIE, EBRMO RIS

VTR ARARZ YDBPEY L TNDDTHRENC S

saATELAR YOBNFENLIZEIICRAD, £

ZTCIIrapra L 22 A35ERT, pDOFEZE—

BAELOAMEL o -EF 1, 2, 3OBAEA

WEIE L We LTlinE&RBE2BIELZbDR2EF

INER=E 2ol SN =t - AT DA
CDEDHIC, TORIGICINWTIL 450°CiEI ET

d, RO BSRIE> T RIS D T

5,

U

7anya L AR EEKERICREECINA S

NIBLAFNVTHDIH, INEBETHTE, 74

Ma L AR DMWY s a e LA R IR

AF VR ENEBELTD,

R BTN L DI EEREIREN ERTBIEER
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450°C W ir s 2 L BN E>Tra VTR L
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Synthesis of chlorobromomethane based on thermal

chlorination of methyl bromide

by S. Yamashika

(Received January 12, 1962)

As is well known, halogenated mcthanes sueh as chlorombromomethane are useful for the fire
extinguishing agents, The author developed a new method to synthesize the chlorobromomethsne from
methyl bromide and chlorine,  The method proposed by the author is dilferent from the usual known
method in which chlorobromomethane has been produced from methylene chlorile and bromine in the
presence of aluminium in that the reaction ia the latter is caused to occur in liquid phase on batch
operation basis, whereas in the former it is carried out by a continuous gaseous flow mzthod.

The apparatus employed is shown in Figure 1. The reactants stored in the gas holders were passed
through a “Terex” reaction tube, 18mm in diameter and 30cm in effective length, after the metering
and mixing. The reiction products were bubbled in the absorbers with potassium iodide solution, and
then analyzed chemically for the sake of determination of chlorine and hydrogen chloride.

Methyl bromide was supplied by a cylinder of commercial grade, and its purity was about 98.5% by
volume. Chlorine was prepared by the reaction between hydrochloric acid and potassium permanganate.

Flow rates of the gases were determined by the displacement of surface of salt solution filled in the
gas holer and also by means of capillary type flow meters simultaneously. Total flow F (mol/hr) and
mixture ratio R (CH3Br mol/Cl, mol) were calculated from the flow rates. Thus, if Vr (ml) is
defined as the volume of reaction tube, Vr/F (ml-hr/mol) will become a time factor of reaction.

The reaction tube was heated by an electrical furnace, anl the reaciion temperature was measured by
a thermocouple or a thermometer placed at a distance of 10cm from the inlet of {urnace.

The rate of consumntion of chlorine was calculated from the equation (1), where in a was the volume
of 0.02N Na,S$.0; solution 1equirel for titration and b was that of 0.05N NaOH solution.

For the purpose of comparing the yields of hydrogen chloride and chlorobromomethane produced as
a result of the reaction, a purt of the apparatus shown in Figuare 1 was replaced by that in Figure
2. From the results shown Table 1, it has been found that the yield of hydrogea chloride was nearly
equal to that of chlorobromomethane. In this experiment, therefore, the volume of hydrogen chloride
was measured for the purpose of determininy the extent of reaction. The products collected were
distilled an: analyzed, whereby the results given in Table 2 was obtain:d. Ia Figure 3, a typical
example of temperature profile measured along the axis of the tube is shown. The temperature in the
reaction tube was observed to be about 10 deg. higher than furnace temperature on account of the
heat of reaction.

Mixture ratio, total flow, volume of reaction tube and reaction temperature were selected as those
factors which have influence on the rate of consumption of chlorine in viev of the ejuatfon (8). The
influence of total flow on the rate of consumption of chlorine is shown both in Table 3 and Figure
4. and the influence of mixture ratio on the same rate is shown both in Table 4 and Figure 5. These
results suggested that total flow and mixture ratio had no appreciable influence on the rate of consump-
tion of chlorine, The rate constant of this reaction was calculated, assuming a second order reaction,

and the Arrhnius plot thus obtained is shown in Figure 6. The effect of consecutive use of reaction

— 14—
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tube was also examined. The results are given in Figure 7. A few experiments were carried out in
a tube, which has a smaller volume and larger surface area than those of the reaction tube previously
mentioned. From the results of these experiments shown in Figure 8, we can understand that the
tube volume has rather a larger effect upon the rate of consumption of chlorine in comparison with
the tube wall.

A relation between the mixtsre ratio of reactant and the specific gravity of condensed product is
shown in Figure g. I think, the fluctuation of apecific gravity would be due to the impure components
such as methyl bromide, dichloromomethane and trichlorobromomethane.

For the purpose of analyzing products, a gas-chromatography was used. The retention times of main
substances produced in this experiment are shown in Table 6. As shown in Figure 10, the compo-
sition of product was varied by the mixture ratio as expected. Products of high temperature chlorina-
tion was also analyzed gas-chromatographically. As shown in Figure 11, the amount of chlorobro-
momethane in products is rather decrcased as a result of decomposition occuring approximately at a
temperature not less than 450°C.

In summary, production of chlorobromomethane by means of the thermal chlorination of methyl
bromide can be carricd out with good yield at a temperature with in a range between 280°C and 450°C,
preferably at a temperuture higher than 350°C, if the ratio of the reaction tube-volume to the total

flow and the mixture ratio are adequate.
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Experiment on Fire resistive Properties

of Radio -isotope Containers

by
T. MOKIYA and S. HORIUCHI

A number of tests for the evaluation of performances of radio-isotope containers were concurrently
performed by us when an experiment on an fire set up in one of rooms of a fire resistive building in
Tokyo on the twentieth, July, 1961. This article gives some particulars of these tests.

The plan view of the room wherein the tests for evaluating fire resistive properties of radio-isotope
containers were conducted is shown in Fig. 1.

Containers tested are shown in Figs. 2, 3, 4 and also in Photos. 1 and 1a.

Two scenes of the fire utilized in these tests can be seen in Photos. 2 and 3.

The rise of temperature in the room used for the purpose of these tests, and produced by the fire
therein is shown in Fig. 5. The rise of temperature produced in the container No. 1 (shown both in
Pig. 2 and Photo. 1) is also shown in this figure.

Outside views of the containers removed, after the fire had been extinguished, from the place in
which they were positioned, are shown in Photo. 4.

We could not distinguish the appearances before and after the fire of the container No. 1, which
was made of lead for the most part and coated with iron plate on its whole surface, from each other,

On the other hand, the container No, 2 which was wholly made of lead melted completely during
the fire.
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