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ABSTRACT

Tests were made to determine the type of charcdal and operating
parameters best suited for fluorine disposal., Nonactivated wood
charcoal was found to be safe in operation, and heating of the
charcoal to V300°C was necessary for efficient reaction of fluorine.
At low fluorine concentrations (<257 F, in the gas stream), the
principal reaction product is a white fluorocarbon smoke. CF,
ig the principal product with 100X fluorine., A small amount of

condensable fluorccarbons is formed by the fluoripe-charceal
reaction,
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INTRODUCTION

Safe disposal of waste gases containing elemental flucrine
is a common problem among industries using this very reactive and
toxic gas. Most of the common metheds, such as caustie scrubbing,
burning, chemical conversion teo chlorine by reaction with sodium
chloride, and reaction with agctivated alumina, form byproducts
that alsoc present disposal problems.' One of the simplest and
most economical methods of fluorine disposal is basaed on the
reaction of wood charcoal with fluorine to produce nontoxic
fluorocarbong, which can be vented to the atmosphere. The primary
product of the reaction between fluorine and charcoal is CF, with
small amounts of higher fluorocarbons.® Heated® and unheated®
charcoal traps have been used at gseveral sites for fluorine disposal.

Standifer et al.® have used activated wood charcoal in un-
heated traps for fluorine disposal. Pulley and Harris® recommended
nonactivated wood charcoal heated to 125-300°C. Fxplosions were
rgported with activated charcoals and low fluorine concentrations.
The explosions were atetributed to the rapid reaction of a large
quantity of adsorbed fluorine with charcoal after the reaction
wag I{nitiated by increasing the fluorine concentration.,® This
hypothesis was conflirmed by several cbservations:

¢  Nonactivated chareoals with low surface areas (and thus lower
capacity for fluorine adsorption) did not explode when reacted
wirh fluorine under the same conditions, .

# The residual fluorine concentration in unreacted activated
charcoal was much higher than that in nonactivated charcoal.

8 Yluorine adsorbed on activated charcoal could be removed by
purging; then the charcoal did not explode when the fluorine
concentration was sharply increased,

Published data do not adequately define trap operating condi-
tions, such as temperature and fluorine flow, for efficient fluorine
disposal. Data for the composition of reaction product gases at
various operating conditions are alsc incomplete. The present
study was undertaken to clarify these uncertainties.



EVALUATION OF CHARCOALS

APPARATUS

Several typss of wood charceoals and sintered coke were tested
for flucrine disposal din the apparatus shown in Figure 1. Charcoal
was supported by nickel screens In a nickel column 0.87 inch in
diameter and 12 inches long. A calibrated Hastings-Raydist mass
flowneter {(Model LF~1K} was used to measure fluorine flow. Nitrogen
flow was measured with & calibrated rotameter. Fluorine-nitrogen
miztures were passed through a baffled wmixing chamber before
reaction with charcoal. Unreacted fluorine in the charcoal column
affluvent wag reacted with activated Al,0: or, in some cases, with
0.5 KI in a countercurrent scrubber. Thermocouples strapped to
the ocutside wall of the column were used to monitor temperature.
In some tests, the column was heated with clamshell heaters.

CHARCOAL PROPERTIES

Properties of charcoals tested are given in Table I. Char-
coals received as lavge lumps were ground and sieved to size.
Charcoals & and 7 were purified from traces of wolatile hydro-
carbons by heating at 950°C in a nitrogen purge, as recommended
by Pulley and Harris.® Sinterved coke, & hard, brittle material,
was alse tested becauge of dts low surface area. Surface areas
of charcoals were measured by the nlftrogen absgorption method.

TESTS WITH UNHEATED BED

ag-received charceals were tested in an unheated column with
a bed depth of 10 to 12 inches. Nitrogen and fluorine (5-100%)
were passaed through the coluwmn to determine maximum flow without
appearance of fluorine in the affluent (breakthrough) and to
determine steady-state operating temperatures. Fluorine break-
through 1s caused by incomplete reaction of fluorine with char-
coal at low temperasture and high flow. TFluorine breakthrough was
determined with ¥I-gaturated paper, which can detect fluorine at
>25 ppm,

Charceoals 1 and 2 (sctivated wood) reacted with fluorine
withh no breakthrough, but water driven from the fluorine-charceal
raaction zons and charcoal fineg Increased the pressure drop across
the bed. Charceals 3 and 4 {(nonactivated wood) reacted with fluorine
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TABLE 1

Froperiies of Tharenals Tested for Fluorine Disposal

Bulk Surface
Mesh  Danrsliy, ﬁiea, farbon, H;G,

Humber Type Yandar . Size g/ee m' S kS kA

i Autivatad wosd Baruwby~Cheney &8 £, 3% S8 89,4 B3

4 Aotivated wood Baroseby~Cheney A 0.27 485 89,0 G310

3 Sonsrtivated wood  Barneby-Cheney 48 23 170 79.9 24

4 Hongetiveted wood  Rosevillie Charceal Co. 2eg” 9. 21 83 7.1 1.3

.‘>‘ Fonactivared wood  Coopecticut Charcoal Co. 2 0. 2% 3 73.8 351

f‘ Normetivated weod  Roseville Charcesl o, -8 - 144 96,6 -

~ ABosactivabed woud  Connecticut Charsoal Go, 2-8 - iz 3.7 -

8 Sintered eoke Unioen Carbide w8 - 3 5.3 -

Becelved from wendor as large luwmps; ground and graded ve size.

£. Favitied by hearing for § hr at 350°C in a ¥, purge.

and prevented breakthrough until the bed dried, at which time the
charcoal was very inefficient for fluorine digposal.. In previous
study,”® similar results with nonactivated wood charcoals were
reported, Durdng these tests, the l/4-inch-diameter outlet line
from the colunn periodically became plugged with condensable
fluorocarbons formed by the incomplete reaction of charcoal with
fluorine,

TESTS WITH HEATED BED

Addivional fluorine disposal tests were made with a heated
charcosl bed., During a test with charceal 1 {(activated wood), an
gxplosion occurred that burst the 50 psi rupture disc f{with no
Further damage). Before the explogion, the column was heated to
2007¢, and 4% fluorine was passed through the bed for %20 minutes.
The flucrine concentration was then guilckly increased to NIOX, and
the sxplosion ocourred. There was a large quantity of charceal
fines in the bed after the sxplosion. Charcoals 1 and 2 were not
considerad further because of the explosion hazard, Tests were
made with charcoals 3, 4, and 3 at the same conditions that caused
charooal 1 te explede; none of these samples exploded.

Table 1T summarizes the results of other tests with z heated
column. These results demonstrate that nonactivated wood char-
conls should be heated -to >200°C for efficient fluorine disposal
at low fluorine concentrations. At an initial temperature of
300°C, no fluorine breakthrough ocecurred with a 10— to 12-inche
deep charcoal bed even at very high flows. Sintered coke did
not react appreciably with fluovine below 400°C.

-9 -



TABLE 11

Summary of Fluorine Disposal Tests
in Heated Charcoal Trap

Fluorine Breskthrough Conditions

Las Fesd Rave,

Lharcoal initial Bed ce/min ag Superficial Gas
Sample®  Fo, & Temperature, °C ~toatm, 25°C  Velooity, ft/min

o W e W rin B e B o R R B ok

5 100 <300 <3.2
15 100 <180 <1i.9
25 100 <200 <2.1
50 106 <140 <1.,5

160 100 n100 ~l1.1

5 200 290 4.0
15 200 680 : 9,3
25 200 700 9.5,
50 200 800%? >11¢*§

100 200 80024 >11%

0.5 300 >7,000° >117%

1 300 >, (00% _ >100°

5 300 >10,000° 1679
15 300 >4,700% >78%
50 300 >6oaﬂa§ >10%+2

100 300 *»600% »30%?

1 106 <1,000 <1l

5 100 <300 <3,2

1.5 200 3,600 %13.6

1 250 b, 500 68

i 300 >10,000 >167

1 100 <1,000 «11
25 400 1, 000 N 20

See Table 1.

At bed top surface at beginndng of rus {initisl bed temperature)}.
Ho breskthrough observed.

Flow not increased further becsuse temperatuve reached 600°C,

At <400°C, sample 8 was not efficient for fluorine dispesal.

- 10 -



Tests were made to guantify the effect of temperature on
fluorine dispossl with nonactivated wood charcoal {using charcoal
43 . A scrubber congisting of a l-inch-diamerer, 4-fr-long glass
column £illed with hemicylindrical stainless steel packing was
conpnected to the outlet of the charcoal column to trap unreacted
fluorine., A 0.5 KI solution was pumped at 250 ml/min counter-
current to the gas flow (N3 + Fz) in the scrubber. Saturated KI
paper was used to determine that gas leaving the scrubber contained
<25 ppm fluorine. Fluorine trapped by KI in the scrubber was
determined with a calibrated fluoride-sensitive electrode,

Results {Table ITII) indicate that the fluorine-charcoal
reaction efficiency increases with temperature. At 5% fluorine
in the inlet gas, only 10X of the fluorine reacted with charcoal
at 200°¢. As indicated in Table II, & total flow »25 times higher
than din these tests resulted in no fluorine breakthreough at 300°C
and 3% fluorine.

The effect of charcoal bed depth on ¥y, disposal rate was not
determined in these tests. However, a previcus study? demonstrated
efficient ¥, disgposal with 25% fluorine Iin & heated charcoal bhed,

2 inches in diameter and 2.5 inches deep, at a linear flow of 130
fr/uinute,. At 2300°C, the Fy~charcoal reaction zone is narrow,
and high disposal rates can’ be attained until most of the charceal
hed is consumed.

TABLE III

Effact of Temperature on Fluorine Dispesal
With Nenactivated Wood Charcoal {Humber 4}

Fa Initial Bed Total Gas L
Cohcentration, Temperature, Flow Ny + Fo), Reacted With
3 o cefmin Lharcoal
% 25 395 . 16.3
iG 25 i85 42,7
3 100 383 42.5
i0 106G 395 42.7
i5 100 385 42.6
25 100 400 46,2
& 200 3as 81.4%
10 200 363 48.5
5 200 800 §1.7
1o 200 804 32.9
i5 200 BOG 33.3
5

£00 8O0 33.0
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In all of the tests with a heated column, the 1/é~inch-~diameter
exit line was heated to V200°C to prevent condensation of solid
flucrocarbons. The solid residue was a crosslinked fluorocarbon
polymer with a molecular weight >2000.° The fluorocarbon residue
melts at 130-150°C and is sufficiently soluble in "Freon''* PCA
to be easily removed.

CHARCOAL UTILIZATION EFFICIENCY

Testys were made to determine utilization efficiency for several
nonactivated wood charcoals, and also to determine the amount of
condensable fluorccarbons formed per gram of charceal consumed,
Prior to the tests, the charcoals were dried at ~110°C. A weighed
amount of charcoal was reacted with 23% fluorine for 1 hr with the
column initially at 300°C., Condensable fluorocarbons were collected
in an air-cooled condenser filled with copper shot, At the end
of the test, unreacted charcoal was weighed, and the amount of
charcoal consumed per gram of fluworine was calculated. The condenser
wag reweighed to determine the amount of fluorocarbons collected,

A portion of the fluorocarbons, other than CF,, and C;Fs, is
noncondensable and passes through the condensér as a white smoke,

Results {Table IV) indicate that charcoals 4 and & are most

efficient for reaction with fluorine. Charceal efficlency is
apparently unrelated to internal surface area (Tables I and I1).

TABLE IV

Charcoal Consumption and Residue Formation

Charcoal g Londensables

Charcoal Number of g Fu per Efficiency, per g Charcoal
Samp et Determihations g Lharcoal % {onsumed
3 % 4.5 71 4.01-0,02
4 7 5.9 {avg) 93 0.01-0.03
3 4 4.6 {avg} 63 3. 0L
& 1 6,2 g8 0.03

@, fHee Table I,

b5, Based on 6.33 g Fufg € for the reaction 2F, + ¢ » (F,, and assuming
the charcoeals were 100% **C. Obviously the noncarhon impurities in
charcoals 4 and § react with ¥, ctherwise, the calculated efficiency
could not exceed the carbon content (Yable I3,

* Dy Pont trademark for Fluorecarbons
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411 of the charcoals generated a measurable gquantity of fluoro-
carbons that condense at room temperature. The differences in
amount of condenzables collected (Table IV) are not considered
significant, Puvifisd chavcoal {(sazmple &) generated essentially
the same amount of condensed residue as the other charcoals sven
though the carbon content of purified charcoal was much higher.
The amount of condensable fluorocarbon formed is gignificant., A
condsenser or other collector located downstream of the charcoal
trap could collect these Fluorocsrbons and should prevent line
pluggage 1f the line betwsen the charcoal trap and the collector
wers heated ro “200°C. Downflow traps may be better than upflow
becaugse of possible fluorocarbon reflux in the latter.

ANALYSIS OF REACTION PRODUCT GASES

PROCEDURE

Gazes formed by ths reaction of fluorine with nonactivated
wood charceal at 300°C inirizl trap temperature were investigated,
Nonactivated wood chavcoal was heated, in the nickel apparatus
uged in the previous tests, to 300°C before fluorine flow'was
gtarted. Fluorine flow was maintalned at 230 co/min, and N, flow
was adjusted to obtain the desired Fy concentration. The wall
temperature of the reactor increased From 300 to 430°C with 10%
Yo feed, and from 300 to 565°C with 100% F, feed.

Samples of veaction product gases were collected in flow-
through tubes and analyzed by gas chromategraphy. The chromatro-
graphy was calibrated with CF,, Ca¥s, Ca¥e, Ny, and C0,; gensiti-
vities for these gases were (.07, 0,13, 0.25, 0.07, and 0.037%,
respectively., A small amount of HF was formed, but no HF analyses
were made because the results would depend on the dryness of the
charcoal.

RESULTS

Results of the gas analyses are shown in Table V. Less than
a derectable amount of CF, and only & small amount of (,Fe were
formed with 10% ¥, at &1 ft/min inlet veloedity. At these condi-
tions, the predominant product ig a white fiuorocarbon smoke,
Part of this smoke condenses at voom temperature and has been
identified -ag & crosslinked flucrocarbon polymer with a molecular
weight »2000.% The amount of CF, and the CF,/Ca¥s ratio in the
regotion product incredsed as the flucrine concentration was

- 13 -



TABLE ¥
Lomposition of Chavcoal-Fluorine Reaction Product Bases

Nonactivated Wood Charcoaly initial Temperature 200°C

tnlet 0as
Superficial a RBeaction Product Gases
Yelocity, ft/min Foile CF,, & CoF. % (s, % CF&/Cg_Fg
41 16G:90 <{,67 8.4 3.1 <4,2
18.5 2575 9.'231 1.1 2.3 2.4
3.9 705 36 0.5 3.1 2.8 16.3
4,3 100:6 87,77 3.5 8.8 25,1
a. At 30G°C

. Averages of analyses {rom four independent tests,

@ Aversges of analyses from three independent tegts,

increased and veloclty was decreased. Both factors tend to increass
temperature (move heat of reaction with less gas flow to remove

the heat) and drive the Fa-charcoal reaction teo completion, i.e.,
formation of CF,.

Ruff®*” reported increased conversion of charcoal to CF, at
higher temperatures and fluorine concentrations. Houston® reported
a slight increase in CF, formation at lower fluorine flows. The
composition of reactlon product pases agrees Ffalrly well with
those of Ruff,®*’ except no C,Fs was observed in these tests,

- 14 -
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