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Abstract

The purpose of this study is to improve the method and the apparatus for recovering freon-11 used
in a process for increasing the filling capacity of tobacco.

The first, the theoretical recovery rate of freon-11 was calculated from vapour pressure and thermo-
dynamic properties of freon-11.

The second, the usability of theoretical data was evaluated by the comparison between the theoretical
data and the experimental data from the pilot plant.

The result obtained under the present experiment condition was quites similar to the rate at
15kg/em? and 5°C, but the theoretical data evaluated were 0.1 to 0.3% lower than the experimental data
at 20 to 25kg/ecm? and 5°C. ‘

The recovery rate of the cooling and the compression system was about 95% with freon-11 used in
this system and that with freon-11 concentrate of waste gas was about 3 to 3.6% at 20 to 25kg/cm?
and 5°C.
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Table 1, Estimated consumption of fluorocar-:
bons? in the U.S. in 1963. (9, 10)

Table 2. Structure and toxicity of halogenated

Consumption,
Application million 1b
aerosols 200
refrigerants 120
foam blowing agents 20
polymers 40
solvents and degreasing 10
exports and other uses 20

The term “fluorocarbons’ has been used hete
but it should more precisely be organic fluoro-
chemicals. :
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methanes (4.7)
Underwriters laboratories
Compound classification
CCl, 3
CHQCl, 3
CH, BrCl 3
CBr, F, 4
CH,Cl, 45
CCL F Sa
CHCIF, 5a
CBrClF, 5a
CCl, F, 6
CCIF; 6
- CBrF, 6

In aliphatic fluorocarbons (and also com-
pounds containing H, Cl, Br, and I), the toxicity
is lower when the number of fluorine atoms is
greater (4). This relationship was established by
Underwriters Laboratories in the 1930s in studies
of the hazards of refrigerants, and was confirmed
by later work. Underwriters developed a classifi-
cation system indicating the toxicity level, rang-
ing from class 1 as the most toxic to class 6 as
the least (7). The effect of F on toxicity in the
methane series is illustrated in Table 6; as a re-
ference point, carbon dioxide is in class 5a.
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pressure versus reciprocal of tem-
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Thrichloromonofluoromethane (freon - 11)
2 Allied Chemical (Corporation Morris -
town, New Jersey 07960) AIF22 = 99%
F A4 43 n-hexane-2 J.T Baker Chemi -
cal Co. (Phillipsburg NJ 08865) Al 2 24
= 99 %% AF&Ach

L}, EER L E|EA
AAg S E 60 ky/hre] £ x2 35 A5
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(0.53+0.05m® hr)
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glAzE 24 LY 22y, ¢HEH,
AFLE247], heat exchanger.low and high
pressure compressor, phase separator B wa-

12,0899m /hr
(145°C)

Vent duct

11.8816m3/hr
(32.53%)

Freon vol.
@‘(18.6844m3/hr)

EXxpansion
Tobacco
(240mg/hr)

1) Impregnator
2) Cyclone
0 9.3422m*me  3) Recycle duct
(15-20m*) 4) Heating house
I ’ 5) Recovery system
6) Freon-11 removal device
7} Recovery system

Fig. 2. Freon-11 distribution of during expansion step.
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Schematic diagram of freon-11 recovery

system.
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1st heat exchanger
low-pressure compressor
2nd heat exchanger
high-pressure compressor
3rd heat exchanger
phase separator

pump

)
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Fig. 4. Outside ~ packed floating-head exchanger (Type AEP)

1) Stationaty Head—Channel

2) Stationary Head—Bonnet

3) Stationary Head Flange—Channel or Bonnet
4) Channel cover .
5) Stationary Head Nozzle

6) Stationary Tubesheet

7) Tubes

8) Shell

9) Shell Cover
10) Shell Flange —Stationary Head End
11) Shell Flange—Rear Head End
12) Shell Nozzle
13) Shell Cover Flange

14) Expansion Joint

15) Floating Tubesheet

16) Floating Head Cover

17) Floating Head Fange

18) Floating Head Backing Device

19) Split Shear Ring

20) Slip-on Backing Flange
21) Floating Head Cover-External
22) Floating Tubesheet Skirt
- 23) Packing Box Flange
24) Packing
25) Packing Follower Ring
26) Lantern Ring
27) Tie Rods and Spacers
28) Trasverse Baffles ot Support Plates
29) Impingement Baffle
30) Longitudinal Baffle
31) Pass Partition
32) Vent Connection
33) Vent Connection
34) Instrument Connection
35) Support Saddle
36) Lifting Lug
37) Support Bracket
38) Weir
39) Liquid Level Connection
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Fig. 5. Pressure products industries high-

pressure diaphragm. FAL B34 A
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for Flexibility ——y Glass Ends Butt — From
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To Piump " system
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Fig. 6. Apparatus used for the freoh adsorption
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Table 3. G.C. operation condition of freon-11
determination for shredded tobacco.

Table 4. Changes in vapor pressure of freon-11
by external pressure.

Insjrument H/P 5840 A
Column 4ft x 1/8° ID, inside
diameter 80/1 gomesh
. porapak Q
Column flaw 100ml/min, Argon/CH,4 (%)
Oven temp. 150° C isothermal
Injection temp. : 250°C
Detector temp. : 230°C
Detector Election capture detector

@n Y g

"1 2 Fqbe] Ak (1 atm)el4] dejn
data clB® & A Bt o] gFue]
1~ 25 kg/ cd 2 F 7151 S714E #AA A olm
2 4 (9)ell mel & F-qhy Wale] o F) ¢
HEHE Al4lEld F 4 9 2o}

A (9 24 FrAe Foi4 A4
i freon—11 3718 FA%E 7€ 5 doh

EE ol AL el47aAe 242 sz
7H3 % ol E4lolch ol Bt oS- FH)¢
27F EWE 2 gystem & 571242 Da-
ltond] WA 4 (0= A4 + At &2
2L ez YAess) o) Nqy sl wf
g% A4E 5+ gdon, A0 wel A4
freon-11¢] 482 29 72 Aok =29 7
< ol 83k drh HHF Hegd S 5
REA, AAZIA L} oE Ao)st Q=] BE 2
Abskr] 8 AAl dgAxz 4% ASGE B
5 % 2% 8¢ el

E 2« A FUd=HE T A A
SFE 143t A3 o2 freon-11 $=5 A
ARt AQd 142 £ freon-118 AAE B=
+ 32.35 %2 A&a 30.28 %o v msked o
zZt A vEbg e freon-119]1 &9 £ w7
o4 &A% freon-119 5%+ 2Y 8% 2
. 2% 73 2y 84 a& v=ms] B 5

jExtemal Py Vapor pressure
|pressure
" (atm) P, (mm Hg)
1 369.853
2 1.004 371.333
3 1.008 372.812
4 1.0122 374.366
5 1.0163 375,882
6 1.0204 377.398
7 1.0246 378.952
8 1.0288 380.490
9 1,0329 382.027
10 1.0371 383.584
11 1.0413 385.139
12 1.0456 386.704
13 1.0498 388.272
14 1.0541 389.850
15 1.0583 1391.432
16 1.0626 393.006
17 1.0670 394.615
18 1.0713 396.217
L19 1.0756 397.825
| 20 1.0800 399.440
21 1.0844 401.061
22 1.0888 402.689
23 1.0932 404.323
24 1.0976 405.964
25 1.1021 407.611

(*Note: freon-11, 5°C)
Y=367.974+157385X
Y =0.0031X2 + 1.4929X + 369.71473

X = External pressure , Y = Vapor pressure

~15kg /af2] 3 W el 4= o] Al 24gE
AP E dgd o} 20~25 kg/chd A= ol
2wk k3 #A4 eEtErh a2y 3A 8o
Aol ol Eg £ o] B4 EUE AR
AAN Yz 9 42 system A 4| 2T 9} 4
228 HYE JEsA AAYE F+ doBmg ¢
o Wl dged FAE A4sd ;A A
Aol Aeg BE ARS E2Y 7 A0 42
e A4 et d3vt Hestoan 4454
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Fig, 7.

Table 5. Freon 11 contents in exhaust air of re-
covery system.

Freon 11 content

Recovery condition in exhaust air

Temp. Pressure

€O (kgfem?)  (PPMVA) %
5 4.5 128147.6 12.81
5 15 29698.0 2.97
5 20 36253.0 3.63
5 21 23371.0 2.33
5 23 21958.0 2.20

*ppm (of vapor or gas in air plus vapor by volume
at 25°C and 760 mmHg)

4 £

£ AT SHL WY PEYE 374471
213 24 o AE£"H 7 &el{freon 115 3
87 g gis FAE AAsA A Ael

Recovery rate of freon-11 at each pressure and temperature.

F . Calculated -
% 4
) Y = 0.0060 + 0.0090X “
3 (R = 0.999) “‘\
3
2 Determined
2
a
g
= 7
g 1r M
£ ¥ = 0.0016 + 0.0033X
g (R=1)
8
E determined
30.28 — 32.53% (after 1 hr.)
calculated
0| " i N A
21 42 84 126 189
Time (se¢)
Fig. 8. Change in freon content in recycle duct.

o
A freon -11 ¢ °1&€3 3£ freon-11
o] Fr s Ay S04 A4S,
EA o] ol &zl #E s54d-E Yokl #
& o] B2t AL AE wlmalgr]
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