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THE ACTIVATION OF SAWDUST CAREON FOR
DECOLORIZATION,

Meny methods have been suggested for preparing activated
carbons for use in decolbrization of sclutions. and this re-
search was started with a view to testing certain of the
methods suggested, with special reference to the action of
the product upon unbleached vegetable olls and brown sugar
solutions. One of the methods suggested was the following.

"A decolorization carbon is prepered by adding %o 100
parts of hard woocd sawdust, 100 parts of a 75% soclution of
niter cake in water, allowing the mass to stand for two hours
or somewhat longer, dryling and charring the mass by heating it
in the open alr to 300-500 degrees C while stirred in thin
layers for % to 1 hour, cooling, adding sufficilent water to
dissolve ouf the sulfate salts, boiling, filtering, drying,
grinding. then heating in a oclosed retort to 800-1000 degrees
C, cooling to below the ignition point, and regrinding.,

Rayl summarized the types of processes used for produc-
ing activated carbons as follows:

1. Processes depending upon action of inorganic chem-
ical compounds either naturally present or added t0 prevent
the formation of the adslorption complex during carbonization
cr t0 cause the breaking down and elimination of the adsorbed
hydrocarbons during the succeeding calcinatlion,

3. Processes depending upon solvents to eliminate the

hydrocarbons.

lpay. Chem. and Het.. 28, 977 (1933).
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3. Processes depending solely on long continued calcin-
ation to eliminate the hydrocarbons,

_4. Processes depending upon selective oxidation to
beeak down and remcve adsorbed hydrocerbons and to alter the
porosity of the carboen.

He also gives the following comments regarding each of
the four types:

1. Most processes in this group are of no value for gas
adsorption., ZXelp and rice hulls contain at the start a
certain amount of the proper materiels.

2, Use of solvents neglectes removal of solvent itself,
and control of porosity of the carbon.

3. This éctivation is due to fortuiltous presence of
.oxyzen in pores. Activation by heat slone cannot be done,
for heat cracks the hydrocarbons, depositing insctive car-
bon; “Activé" carbon osan be very easily "deactivated®" by

guch treatment.
4., Selective oxidation is by far the most effective

for producing highly asctivated carbons of particular struct-
ural characteristice. Only these processes now make possible
production of commercial gae and vapor absorbent.

The Cheney process, based upon this last method, depends
upon three fundamentals which must be apprehended.

1. There are two kinds of carbon, the active and

insctive kind.

2. The active form must be liberated at low temperaturece

(below 500-800 degrees).



-G

3. Active carbon is available only when adsorbed hydro-
carbons (adscrbed during distillation of the carbonacious

material) are removed.

All types of primary carbone can be activated by this
process topreduce many types of carbons'suitable for different
purposes.”

Since method 4 that of selective oxidation. was so effect-
ive for producing highly active carbons of particular structural
characteristics, it was thought that 1t would be best to attempt
to activate samples by various modifications of this method,
in order to determine whether or not carbons possessing oil
and sugar decoleorizing power cculd be produced by it, and if
80, to £ind out the combination of conditions which would
Produce the best results.

The information is also given in the above report that
superheated steam at ahout 1000 degrees can be used as well as
air, and that it posseéses the advantage of taking part in an
endothermic reaction which can be more readily controlled than
the direct oxidation by gases containing free oxygen.

Carbonization No. 1

(Oregon Pine Sawdust.)

This was a trial carbonization, carried on in a five inch
hemispherical iron cruoiblé, open tc the air. The charge was
heated over a bunsen flame and stirred with a thermometer which

was kept below 360 degrees.



Caxbonization No. 3.

For this purpcse 2 flat bottom iron pot was used, about
11 inches diameter, 5 inches high with a cover. The charge
was stirred with a glass rod, using a thermometer occasionally

to determine the teuperature. The complete run is as follows:

Min. Temp. C

o) Begin heating. Cover off,

18 280 Smoking slightly.

19 300 " "

23 360 f "

33 " i

24 Put cover on, slightly tilled, took off

to stir occasionally. Turned ges down & little. Slight smoke

comes out under cover.

40 . ‘Turned gas still lower.

89 Gas lower. Sparks of carbon appesar on
surfface of charge when cover is off. Left the cover on.

80 Shut off gas and allowed charge t0 cool,

covered.



Carbonization No. 3.

Same apparatus as No., 3.
Sawdust, 935 gms.
C obtained 304 gus,
Min,
o) Start heating. Stirred contlnuously until smoking

wae nearly over.

8 First smoke.

30 Tery rapid smoking.

40 Smoking nearly over. Lowered flame and covered
loosely.

42, Shut off ges, and allowed charge to cool, covered.

Activation of Carbon by Superheated
Steam

Carbon to be activated was placed in a silica tube (7/8"
inside diameter, 123" high), which in turn was placed in a
vertical position in an electric furnace, The tube was filled
with chips of porous plate up to avout the mid-point of the
furnace and the charcoal filled the space from that polnt to
the upper end. The lower part of the tube, containing porous
plate chips extended several inches out of the furnace, and
was heated by a gas flame to cause.suparheating of the steam,
which entered the lower end of the apyaratus. The steam wa's
obtained by boiling water in a flask, and the amount used could
therefore e measured by the amount of water evaporated. Dur=

ing the first serles of activations the gases escaping from



the tube were passed through a condenser and the condenssd water
measured which amount subtracted from the total water evapor-
ated in the flask, would glve & measure of the steam actually
consumed during activation. The amount of charcoal used and
obtained was also determinasd in each case, Host of thess
measurements, however, were inaccurate, due tc such causes as
accidental steam leakages, and occasional loss of charcoal
puffing over into the condenser.

The principle decided upon, however, was to pass such a
large excess of steam through the charcosl in order that (1)
the actual amount passed through would be of far less import-
ance than the time and temperature of passing, and (3) the
amount of steam supprlied to the charcosal in the far end of
the tube would be about the same as that sup:lied near the
steam entrance.

Temperature control was seoured by means of an autotrans-
former, on & 330-volt circult,

Tempe rature measurement was secured by means of an
"Advance" chromel thermocouple, calibrated by comperison with
an ordinary thermometer in water, up to boiling, and in an
air bath up to about 200 degrses C, and by the boiling point
of sulfur (444 degrees), and by obtaining the cooling curve of
sodium chloride, the flat portion of the curve corresponding
to 80L degrees C, the eolidification polnt of NalCl. The ther-
mocouple was placed in a small silica tube, and inserted into

the top end of the activation tube, sc that the end of the
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couple was in the middle part of the charcoal coluwun. In most
cases the procedure of activation was as follows:

Heated the furnace and tube up to the temperature desired,
then passed steam through, superheating as described. Tempera-
ture was then controlled beth by varying the voltage on the
furnace and by varying slightly the amount of steam passed.
During the latter runs, after the temperature had become aboub
donstant at the point desired, it was thereafter kept so en—
tirely by varying the amount of steam, leaving the furnace

voltage constant.
Considerable trouble was met with in the appraratus as

first set up, due to condensation of moisture in the portions
of the lower end of the tube not easily reached by the gas
fleme, and by consequent clogging and occasional puffing out

of charcoal into the condenser tube on sudden liveration of
prassure. This trouble was entirely eliminated thersafter by
inclining the furnsce and tube at an angle of about 45 degrees,
and pessing steam in at the upper instead of the lowsr end., In
this case the steam was superheated before entering the tubs,
by passing through several Inches of steel tubing heated to
dull redness by a fish-taill Tunsen burner. The activation
tube was placed in the furnace so that the top end was near the
mouth of the furnace. The porous chips were placed in the
lower end z8 hefore, ut only up to 2 level corresponding to
the lower end of the furnace. The charcoal then occcupied the

lower half instead of the upper half of the furnace, so the
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steam was further superheated before reaching the charcoal
by passing down through the tube in the upper half. The
thermocouple was stuck into the upper end as before, but
was still able o reach down into the middle part of the
charcoal. The vapors escaped, of course, at the lower end,
to which the condenser was fitted. The condenser was later
eliminated, it being decided that further measurements of
condensed water were not needed, and in its place simply a
glass tube inserted to lead the gases asay a few inches from
the furnace.

It was decided first to run & series of activations,
Passing steam for varicus lengths of time at each of several
different teﬁperaxures Eetween B00 and 900 degrees C. Since
the procedure followed was practically the same in all
cases, and corresponded 10 the descripiion already given,
only an outline of the various gectivations need be reported.
The following sseries of graphs give the relatlonship be=-
tween the temperature and the time in each of the activations,
respectively, together with the average temperature of each
activation as determined by integration of the corresponding
temperature-time curve, and the yleld of active charcoal.

123 grams of éharcoal were ﬁaken ét the beginning in each
cage, so the difference between this and the yield gives

the 1083 ° [/ ’{ ;,/' ;J',',;'{ S A 05 ;‘,Tf ;‘:; T # 7 ) N ;/ SRV o A LT e
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Summary of Activations

Charcoal Temp., Time (min.) Ce. water Tuke Oms. C

avaporated obtained

2c 725 113 47 # 8,4
24 735 11z v 7.8
28 728 15 89 v 8

2f 732 18 18.5 v 8.5
3g 728 30 50 v 2]

2h 775 S v 9

21 - - - - -

2j 735 45 87 I= 8.5
2k 780 15 30 I 8.8
21 774 5 - 8 I 9.0
2m 773 10 22 I 8.0
2n 847 = 15 34 I 8.5
26 840 10 17 I 6.5
2p 838 5 11 I 7.8
2q 893 15 b6 I 2.0
ar 807 10 I B.0
28 888 5 I 7.3
2u 6923 55 80 I 7 .67
2v 692 75 I 6.58
3a 738 45 64 I 5.85
3b 738 45 , 84 I 5.4,
3¢ 738 43 08 I 5.8
ad 738 45 8l I 5.86

év signifles vertical activation tube.
Br signifies inclined tube.

gSteam not preheated as much as in other cases. The
large amount of water required in this case shows that the pre-
heating affects this factor considerably, although it does not -
affect the final yleld very much. The voltage on the furnace
has not been recorded here, but 1t was the same for 3a, b, ¢,
and d. It was decided at this point to eliminate preheating
after this experiment, except encugh to insure the steam being
dry st entrance, inasmuch as the upper part of the activation
tube itself would accomplish this.
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The variables in ccnuection with these activations will
be given in tabular form in connection with the reports on
the deocolorizing properties of the varicus charcoals produced.

In order to test the decolorizing power of the different
charcosls, three types of sclutlion were used.

1. Methylene Blue. - A stock solution was made up con-
taining 0.0829 gram per liter of solution., This was called
f1golution a® and used in all decolcrization tests. The same
solution was used zlso as a standard in color determination,
and its color concentration arbitrarily called 100 coloxr units
per cc. (100 cu/ec). Lighter standards were made from solu-
tion-a by dilution, sc as to give the following color concen=
trations (assuming for this work that color concentration is
proportional to sclution concentration).

a., 0.0839 gms./liter 100 cu/cc.
b. .0004145.gms./11ter 0.5 cu/co,
c. .00839 gms./liter 10 cu/ce.
2. Sugar Solution. - Made each time by dissolving 50

grame of dark brown suger in water and diluting to 100 cec.
This was called "sugar-a" and was used in all sugar decolor-
ization tests. The same solution was used as a standard for
color determination, and its color concentration arvitrarily
called 100 color units per co.{cu/ce). Lighter standards
were made from solution-a by dilutlon, so as to give the

following color concentrations (assuming as in the case of
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methylene wlue that color concentration is proportionzl %o
solution concentrations ).

a. 100 cu/ce,

b. 50 b
C. a5 "
d. 12,5 ¢

3. Prime Summer Yellow Cotton Seed 01l from Los Angkles

Soap Company. This oil, called "oil-a' was used in all oil
decolorization tests., and also as a standard for samples which
were but slightly decolorized. For samples highly decoclorized
which had a different tint from the original, it was usually
more satisfactory to use bleached, deodorized oil furnished by
the same company, which had a tint more nearly like that of the
charcoal decolorized cil, It was of course impossible to
evaluate the cclor of this blsached oll accurately in terms

of the color of oll-a, but a value of 18.4 cu/cec was taken

a8 the nearest apprroximation, While the use of this bleached
0il as stendard, with this somewhat arbitrary value of cclor
concentration. failed to make the accuracy of the ¢olor deter-
minations any greater than they would heve besn 1f ciles hud
had been used as standard, yet the cclor concentration

values so obtained were accurastely comparable with one another,
and 1%t was this comparison of the lighter samrles of each acti-

vation with one another which was of greatest lmportance.
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HMethylene Elue Decolorlizations

235 co, methylene blue solutlion.a was mixed in a 100 cc.
Erlenmeyer flask with 0.8 gm. of each charcoal to be tested,
and sllowed to stand several hours at room temperature with
occasional shaking. The color of each sclution was then de-
termined by comparison with the standard nearest it in colox,
10 co. being pipetted out for the rurpovse. The sanples used
in color determination were then poured back into the mixture
from whence they came, and the cclor of these determined afain
after about 24 hours. Finally, after several days standing,
the scluticns were all wverfectly colorless, irecluding even the
golution in contact with charcosl Bh, which was the poorest

cf them all. The results were ag folliows:

Chercosl Stendard OCu/ce. Standard Cu/ce.
(z few hrs.) T aay)

20 c 11.3 c Q.86
24 c 128.7 e Se 48
2e ¢ 17.1 c 3.89
2f ¢ 11,2 c 2.83
gg c 8,4 ;
2h a 17.3 o] 15.08%
21 c 0.83
23 8 2.5
3k a 1.8
21 a 12.5 c 3.3
2m a 2,4
an a 3.2
¢ &8 7.0
3p a 2.9
2q a 1.0
ar 8 .84
28 a 2.3

*This eventually became completely decolerized, butb
took longsr than cothers,

Blank spaces indicate that sample has been almost o
entirely decclorized.
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The fact that these solutions all became colorless shows
that the first set of color determinations made was only a
measure of the rate at which coler was beiny removed rather
than an indication of the final color vemoval power of the
carbons. The expsriment also shows that such a large amcunt
of czler is adsorbed by a small amount of carbon more concen-
trated socluticns and less carbon would have to be used, in
order to get comparative results as the mixtures approached
equilibrium {color saturation of the acrbon)., Since it was
gspecially desired to study these charcoals with respect to
sugar solutions and oll, the time was not taken for continue
ing the experiments with methylene blue.

Suzar Decclorizations.

(Each decolorization experiment will be given & Roman
numeral as a designation, and may include tests on one or
more charcoals.)

Sugar decclorization I.

Charceoals 3¢ to 28, and an unactivated charcoal
designated as 2%, were tested in the following manner: 1 gm.
of charcoal and 15 cc., of sugar soclution-a were placed in a
100 cc. Erlenmeyer flask,.shaken, and allowed to stand overw
night. Fach flask was shaken occasionslly during the
afternoon, and on the following morning. Contents were then

warmed and filtered, Results were as Follows:
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Charcosl Standard 6u/cc. Charcoal Standerd Cu/eco.
30 a 10.7 21 b 38,9
24 d 11.8 2m a 7.0
e a 11.6 3n d 7.7
3£ d 7.0 3¢ d 10.2
2 d 7.8 3p d 13.0
2h b 37.2 2q a 13,4
21 - - 32 d 13,7
23 d 4.8 28 d 12.1
2k a 6.7 3t b 54,8

These results when groﬁped according to the conditions undex
which the charcosl was activated, showed smooth relationships
between the conditiohs of activation and the decclorizing power,
showing thet although equilibrium had not been reached (as
in the case of methylene blue), and there was a probabllity
of unequal shaking of the different samples, yet thelr be-
havior as shown by these tests actually did have & close

relationship to the conditions of activation.



Grouping of results of sugar decolerizations I, III, and
IV according to conditions of activation of charcoal;

Samples activated at about 725 degrees C,

Charcosl Temp. Time Tube Gms., C Lose ¢ Loss Cufece. 01l
(min.) obtained
3¢ 725  11.5 v 8.4 3.6 30  10.7
2e 726 15 V 8.0  4.C 33 11.8 91.6
3g 738 30 v 8.0 4.0 33 7.2 58,3
Samples activated at about 735 degrees C. |

24 735 11,5 V. 7.8 4,2 3 11.8 110
4 738 19.0 V 8.5 3.5 29 7.0
3j 735 45.0 rb 8.8 5.5 48 4.8

Samples ébxivated at same temperature as above., but de-
colorized over ;xghorter period of time. From sugar d.ecc:loriz'.a.ziml
IV, placed here toxgyow that although conditlions of decoloriza-
tion very greatly afbﬁct the result, a certain process of
ectivation may be repeated and the samples so obtained will
have similar decolcrizing*properties when treated in the same
way. (These samples shculd be treated along with some of the
former carbons at the same tima to give results comparable to

the action of the former charcoahs )

38, 738 45 1 «\5 g 8.2 53 23.1
3b 738 45 I 5.4 6.6 55 23.8

- c
30 736 43 I 5.8H& 8.2 52 38,3

2y - vertical tube.
®I . inoclined tube. (See notes on apparatus)

‘Less preheating of steam,
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Samples activated at about 775 degrees C.

Charcosl Temp. Time Tube Gms, ¢ Loss %Loss Cu/ec. 0il

(min.) obtained

2k 780 15 I 8.8 5.6 47 8.7 75.6
2m 773 10 I 8.0 4.0 33 7.0 34.2
21 774 5 I 9.0 3.0 35 B33.5  49.7
2h 795 9 v 9.0 3,0 25 37.2 118, ¥

Samples activated at about 840 degrees C. |

3p 828 5 I 7.8 4.4 37 13,0 Q1.
20 840 10 I 8.5 5.5 48 10.2 83,5

an 847 15 I 6.5 5.5 48 7.7 45.7

Samples activated at about 200 degrees C.

3q 893 15 I 2.5 9.5 79 13.4%*
3r 907 10 I 5.0 7.0 58 13,7 35,8
s 888 5 I 7.3 4.7 3% 13,1  56.0
Semples activated at about 892 degrees O (Decol. III).
2u 8oz 65 T 7.7 4.3 38 13,5 104.47
3v 698 75 I 6.8 5.4 456 9.7 94.8
2n | 10.3
2k 8.7

*Show effect of vertical arrangement, with trouble during
ectivation,

+*lfote very little difference hetween long and short runs
at this temperature.

#Samples of charcozl Bk and 2m were decclorized with these
under the same conditions, and the resulting scolution from
charcoal 8k used as & stanﬁard assigning to the latter the
arbitrary value of 8.7 cu/ce £0 meke it correspond to the
solution from 8k in decol, I. The value obtained from 2m
when sc determined should have been 7.0 to check with decol.l
The actusl value obtained heing 10.3, shows that this method
is not dependable. The comparison between 3u and 3v decolor-

1zed sclutions, however, is just as accurate as in the other
cases, ‘
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Sugar decclorization II.

Charcoels 3u and 3v, 1 gm. each, with 15 ce., sugar
solution, as in decclorization I. These samples were acCldental-
1y put in oven with oil samples and heated tc 108 degrees along
with oil decclorization II. They each gave dark-cclored
sclutions, as follows:

2u, 25.8 cu/cec.
3v, 30.1 "

Sugear decoclorization III,

The procedure in this case was the same as for sugar
decclorization I, the purpose being to determine the decolor-
izing power of samples from activations 3u and 3v in terms
which could be compared to the decolorizing power of the
other charcosle as determined in sugar decclorization I. (See
also the grouplng of results according to conditions to actliva-
tion of the charcoals.)

Charcoal Temp. Time Tube Gms. C Cu/ce.

(Min.) obtained
2u 692 85 I 7.7 13,5
3v 892 75 I 8.8 9.7
2m 10,3
3k 6.7

Sugar decclorizatlon IV,
Procedure same as for decolorization I (1 gm. char-
coal, 15 cc., sclution-a in 100 cc. Erlenmeysr flask, shaken

occasionally, stood overnicht.)

32 (1) 738 45 I 5.8 R1.5 -
23; 218 av. - 23
3 (1) 736 45 I 5.4 B3.3 Ay, - 23,5

(2) 23,9
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a
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Sugar decolorization V.,

was all there was lsft of 3a).

night with occaslional shaking, as in other decolorizations,

and filtered,

Chercosl Temp. Time Tube Gms, C Ou/ee.

3e
3b
36
3d

5.8

2

4

&
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8.4
8.3 AVO haad 88.3

0.82 gm. charcoal (this amount used because that

733
736
738
738

(min,) obtained
45 I 5.8 el8,.8
45 I 5.4 ¢l5,5
42 I 5.8 cl7.2
45 I 5.9 ¢19,1

RPepested the

gseries of501~
or readings:

18,1
13,1
15.7
18.4

35 cc, sclutionwa, stood overe

Decol ,
Iv.
22.1
23.8
38,3

The sscond column of color readings was made using shorter

columns of liguid in the colorimetzr than in the case of the

first colunn.

It will be seen that the values are &1l uniform-

1y lowar than those obtained in the first cclumn. The resulis

of deaolcrization I¥ are placed here also for comparison,

As

will be seen, they do not vary in the same way as do the sal-

vles of decolorization V,

This discrepancy may e due partly

to 1rregulafities in the conditions of adsorbtion in the dif-

forent samples, and partly to difficulty in matching due %o

oloudiness, espscially in the standard solution-a, which could

not be FTiltered out with filter paper, and which could not bve

treated with charcoal without changing the color.



Summary of Results of Sugar Decolorization, up to
and Including Sugar Decolorization V.

The best sugar decolorizatlion carbon so far obtained was
produced from sawdust charred at a tenpersture probably below
400 degrees C, and activated by passing superheated steanm
through it at 735 degrees for 45 minutes. Other charcoals
produced within this general reglon were also active.

For any given temperature of activation, $he decolorizing
power of the char increases with time of activation. This of
course slso causes & proportionate incrsase in charcoal loss
due to oxidation. But for temperature above the reglon of
735 degrees, a glven loss of charcoal will correspond to a
smeller and smaller amount of activation of the remaining
charcoal as the temperature increases, until at about €00
degrees there is very little difference between the decolor-
izing power of charcoal produced by paseing steam oniy a short
time, with small lossy; and that produced by passing steam a
longer time with larger loss,

At temperatures below 700 degrees (at 892 degrees Wy
experiment), the rate of oxidation decreases markedly, it
requiring nearly twice as long to produce a given loss in

weight of carbon as at 735 degrees. It appears also that

the decolorizing power of the remaining charcoal is less than
that of a charcosl asctivated at 735 degrees with the seme

loss in weight.



Difficulty in color comparison, particularly with the
standard, aﬁd uncertainty as to the effect of slight non-uni-
formities in conditions upon the various decolorizetion ex-
veriments, mskes 1t desirable to obtain better standard of
oPlor comparison and $0 work out a method of decolorization
capable of giving more uniferm results with a given carwvon
than have been obtained so faxr.

01l Decolorizations

011 decolorization I,

Samples of the same charcoals as used in sugar de-
colorization I were tested with oil by the following method.

285 cc. of oil-a pipetted into a 100 cc., Erlemmeyer flask,
to which 1 gm. of the charcoal was also added. These gamples
were shaken up, and stood in the copen for two days, stoppered.
They were then placed on a'tray and heated in the oven at
about 108 degrees C for 5 hours, and then filtered while hot,
The most noticeable results of thils test were:

Although some of the samples removed about 2/3 of the
color from the oil, certain others made the oll even darker.
The darkest cil so produced was £ rom the sample which had been
activated at 775 degrees for only © minutes in the first
apparatus set up, and which had lost but 35% of ite weight,
as compared to a loss of about 50% in the case of some of the
better charcoals. This phenomenon of darkening (taking on a

reddish color) is a complicated one, and will be referred to later.
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0il decolorization II,

Charcoals 2h and 3] were again tested by the same
method, together with samples of 2u and 3v. The oven was kept
2t about 108 degrees as before. This time oll with 3h was not
dark as it had been before, whereas oll with 3j was not as
light. Thet is, both were changed in the same direction as
formerly, but not as much, indicating that some unnoticed
factor in the decolorizing had had a critical influence,
Charcoals 2u and 3v did not decolorize as well as 3j.

To determine the effect of time upon this type of decolor-
ization, four samples of 3¢ were mixed with egual quantities
of oil (1 gm., 35 cc.), and heated for varying lengths of
time in the oven at 108 degrees., All the samples were given
a reddish color whioh made accurate comparison with oll-g
as as standard impossible, but such somparison as wés made
indicated that this sample changed very little after the first
two hours, although one of the 5 hour-30 minute samples seemed
to become darker. (See Table, 01l decolorization II.)

0il decclorization IV,

- {This is reported hers instead of oil decclorization
III, beocause of similarlity of method and purpose to 0il dew-
colorization I and II).

Since so much trouble was had on account of the oils
becoming reddened., it was decided to repeat the method of oil
decolorization I, using samples of the same charcoals and the

same amounts of oil, but running at a lower temperature.



Results of this te2st showed that the oils (heated at 88
degrees for about 6 hours) did not in general decoclorize as
much as the olls of decoclorization I, but the charcoals
which produced very dark oils in decolorization I did not
produce such dark cils at this lower temperature. It scemed
as though the power of the charcoals to "put in red" and
"to take ocut yellow" were both decreased at the lower tempera-
ture. (Sze Table, 01l decolorization IV,)

0il decolorization III (Charcozal 3f, 5 gms., 150 co. oil-a)

In order to study the effect of agitation and also

of time upon the decolorlizing action of a charcoal upon oil-a
the following experiment was conducted.

5 gms, of charcoal 2f and 150 cc. oll-a were placed in &
wide-mouthed, short necked, 350 cc. round bottom flask, fikded
with a thermometer and high speed stirrer. The mixture in
the flask was then stirred briskly and kept at about 90
degrees by a bunsen burner, During the first half hour,
however, the temperature went up once to 103 degrees for a
short time. 10 co. samples of the mixture were pipdtted out
about every hour, and filtered. During the test, however,
the nixture was allowed to stand twice overnight at room
tempersture,

This test shedconsiderable light upon the formation of
the red color, but did not explain it. It was : found that
during the first two hours of agitation the oil became darker
and darker, taking on a reddish tint as it did so. Then on

standing overnight the oll became still darker. Agitating
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and heating, however, for two hours more after that caused
the red color to drop enormously, until the oil had lost 1lts
reddish tint completely and was only about 3/3 as yellow as
the original oil-a. TFurther agitation csused the oil to
lighten still further, but with the taking on of & greyish
tint and the exhibition of the Tyndall effect, On standing
overnight at this period, the oll became slightly lighter,
Instead of darker as during the early stzge of the zrun.

The same samples which had been taken from this run were
tested again as to color after standing clear in their resw
pective test tubes for two days. It was then found that the
samples which had previously been much darker than the original
0il were now considerably lighter than the original, and the
decrease from their darkest color had been enormous-in the
most extreme c¢ase from about 188 cu/ce to about 38 cu/ce.

The lighter samples had also decreased in color, but not to

so great an extent.

The same samples were tested again after about 10 days
total standing. In a8ll cases there was a decrease in colox
from the pravicus reading, except wherZe the two readings were
practically the same, in which case the difference between
the two was greater than the limit of accuracy of the ocolor
determination. The amount of the cclor decrease was, howeves,
vary small compared to that which took place during the first

tmw days of standing. (See Table and curves, oil decoloriza-

tion III.)
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011 decolorization V. {(Charcoal 3g; 4 gms., 130 co. oil-a)
Since there wae such & great increase in color during
the first part of oil decolorization III, it was thought that
this darkening might have been due to the accidental increase
of the temperature up to 103 degrees during this period in the
case of oil decolorization III. Another run was made, therefore,
and &4t the lower temperature of 80 degrees, using a water bath
te increase the stability. Standing overnight was also avoided
during the early vart of the run. As will be seen from the
curves, shown later, even at this lower tempersture there was
an increasse in color (with reddish tint) during the firet stage
f the run, but this color began to fall of f before the first
five hours of stirring had been completed. Thereafter, on
standing within the flask in contact with the carbon, the oil
hecame lighter, thus exhibiting the same effect inside {dhe |
flask in contact with the carbon zas had been shown by the
samples in decclorization III on standing aftesr being filtered.
Also, the semples taken during the earliest part of the run
became darker after standing two days, and then lighter agein
after standing four days, whereas the samples taken during the
latter part of the run became lighter and lighter. The final
cils (aftér 4 daye), however, up to and including the sample
token after four hours! stirring, were a1l darker than the or-
iginal , whereas stirring for two hours more caused & very great
decrease in coler, the Tinal sample hecoming ultimately only
about 16% as deeply coclored as the original oil-a. These latter
sampies, however, as in the case of oil decclorization III, pos-

sZessed a slightly grey cclor and Tyndall effect.,
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24 - 3.3 gms.
0il decolorization VI. (Charcoal 3o - 0,7 gms. ), 300 cc. ol

4.0 gms., &
011 decoclorizétion V showed that the sprearance of

the red color in the oil was not due to heating over 100 degrees,
and that the oil heated only to 80 degrees also took it on,
Therefore it was decided to carry on the runs thoreafter in

a bath of boiling water, to insure uniformity of temperature

and 2lsc a sufficiently high temperature to get fairly rapid
decolorization,

In order to study the action of ancther charcoal undexr
similar conditicns, a sauple of 2d (with a small amount of 2o,
$0 make up 4 gms.), and 300 cc. oil-a were treated in & menner
similar to that of oil decolerization V. The curve of the
color of the samples taken immediately aftscr removing the
sawple was similar to that obtained in oil decolorization V,
except that the oils did not become nearly so dark, Stirring
was also cerried out longer than in oil decclorization V, so
the oils became lighter than that of the last sample of de-
colorization V, observed immediately after withdrawal from the
flask. (Readings on standing have not yet been taken.)

01l decolorization VII,

This decolorization was carried ocut in & manner sim-
1lar %o thet used in the cthers, except that a 3C0-ce. Erien-
mzyer flask was used, fitted with a large stirrer, capable
of moving almost the whole masgs of oll and charcoal within
the flaek. This stirrer was then operated very slowly (one

revoluticn in zbout 2 seconds), which was just encugh to keep



the mass moving and most of the charccal off of the bottom,
or nmoving over the bottom.

Using 3 gms. of charcoal 3f, with 300 cc, cil-a, and run-

ning with the above stirrer at about 85 degrees in a water bhath
gave samples about 50% as dark as oll-a after 5 hours stirring,
but the cclor did not decrease very much more after 13 hours
stirring, the last sample being about 304 as dark as oil-a.
The grey cclor and Tyndall effect, howevar, were absent, o
far as could Be observed. This would indicate that using a
tetter charcoel undar these conditions rizht decolorize the
cil to a greatsr extent snd still avold the grey color and

Tyndall effect.

Comparison of Suzar and 0il Decoloizations.

The charcoals from Z¢ to 3s can be listed in the order of
thelr sugar decolorizing power according to suger decocloriza-
tion I. 1If then the results of oil decoleorization II and IV
be listed opposite the corresponding carbonsg , it will be seen
that except 1n the case of the best and the poorsst carbvons,
there is nc relationship hetwesn the decolorizing power of a
carbon with respect to sugar and that of the same carbon with
respect to oil. However, if the results of the oll decoloriza-—
tions are grouped according to conditions of activation of the
charcosls invelved, as was done in the case of the suger de=
colorizations, it is found that in general for any given tem-
perature., as the time of activation increases, the decolerizing
power also increases, as in the case of sugar decolorization,

btut the difference vetween high temperature and low tewpsrature
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activation does not apprear to be as great as in the case of the
sugar soluticns.*

It wasvintended t0 oarry on this research from this point
88 follows:

Prepere a standard solutlion, either of sugar or non-sugsar
materials, which will be olear, of the same color as partly
dedolorizedAsugar solutions, and reproducible,

Work out a standard method of decolorizing sugar solutions,
which will not be subject to critical factors difficult to con~
trol, as has apparently been the case with some of the suger
decolorizaticns so far carried on.

Increase the rate of stirring of the oil decclorizations
to see if this can be done up to a certain point without
producing the grey color and Tyndall effect. Use the rate so
decided upcn as a standard for other decolorizations. Adopt
a uniform procedure of sampling and cclor determinstion with
respect to time, so that all results can e compared to one
another.

Carry out a ssries of activations similar to the first
series, and use the charcoals produced from these in standard

tests on sugar sclution and oil-a,

*Thege values are placed on the chart of sugar decolorizations,
grouped according to conditions of activation.



PART IT

Following the proposals made at the end of Part I, a
larger furnace wzas first made for the purpose of producing
larger samples,

Description of Furnace

A silica tube, 38" long by about 3" inside diameter
was placed vertically within an iron flue which in turn wes
heat insulated. Gas was fed in at the bottom of the blue,
and both air and gas fed in sepsrately &t othsr points higher
up. A charge of 110 gms, of charcoal was held wilthin the
tube by & perforated porcelain disk supporied on a nichrome
tripod which rested on a cork containing a glass outlet.tube.
This charge £illed the silica tube to a dspth of sbout 20",
Steam was fed in from the top, thereby tecoming preheated by
passing down the unfilled portion of the silica tube.

Three thermocouples {("Advance" and chromel) were placed
within one pyrex tube, so as 1o register temperature at the
bottom, middle, and top of the charge. This tube was kept
a5 near to the center as practicable. Another similar thermo-
couple placed near the edge of the charge, and at the same
height as the centrsl thermocouple, indicated that femperatures
near the edge and at the center of the chsrge were practically
the same, for which reeson the outer thermocouple was not used

after the first few runs.



The chief difficulty invelved in the opératicn& of this
furnace was the control of temperature, the latter being very
difficuvlt to maintain both constent and uniform. In fact this
was not found pessible to accomplish, so the best that could be
done was tc keep & continucus record of the temperatures at
the three thermocouples, and to determine the average of these
continually changing temperatures, calling this latter the
temperature of ‘the run. This was not theoretically scund
prasfiee. A momentary high temperature would not be offset Dy
& 8imilar period of low temperature running, since the former
gction is very much more rapid, However, it was assumed for
this purpose that the variation in temperature was sufficlently
small to allow the avérage tempsrature to e used as represent-
ing the temperature of the run.

-

Another disadvantage of the gas fired furnasce used, be-
side that of temperature control during the run was the var-
iable length of time necessary to get the furnace and contents
to the temperature desired for passing steam. There was always
some distillation of residual hydrocarbons during this perlod,
as shown by the efflux of a luminous burning gae at the furnace
outlet, and where the period of pre-heating exceeded the time
hecessary for this distilletion, which was usually the case
(varying from % to 1 hr.,) there was doubtless some activation
due to airor Wéter'vagor present befecre the steam was regularly
passed,

Excess steam was always used, but some variation in its

amount between runs may have influenced the results,



The sawdust was carbonlzed in the same manner as previously.
Three different lots were made durlny this series cf expsri-
ments, each being & mixture of several individual batches,
Since each was made in the same manner from the same material,
and consisted in a mixture of several batches, it was thought
that the average mlxtures so obteained would be practically the
seme as though the entire amcunt used had been made up at
first and mixed. It was obssrved, however, that the sawdust
in the bottom of the sack, used in the last lot (no. ) was
somewhat lumpy, due to its having abvsorbed rain water. The
lumps also had a slightly darker appearance than fresh sawdust
indicating that the water may have been somevhat muddy. This
was used just as it was in preference to fresh sawdust, partly
out of curioslty to see 1f such poor material would yield
good char, although it was thought that these new factors
weuld not -affect the result apvreciably. The charcoal so
ﬁroduced was found to be considerably less dense than that
formerly produced, as shown by the fact that the beaker
formerly used to hold the wsighed sample would not hold the
weight needed (ocoupied about 30% mere volume). The activated
chars from this charcoal were also lighter, blacker, and
nere active than the others. Unfortunately, since both face
tors were changed at once, 1t is not definitely known whether
these latter facts were dus to the charaster of the sawdust or
to the different conditions of activation, but since the in-

erease in activation was in the direction which is indicated
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0il decolorization II.

Charcoals 3h and 2j were agein tested by the same
method, together with samples of 3u and 3v. The oven was kept
2% about 108 degrees as before., This time oil with 2h was not
dark as it had been before, whereas oil with 3 was not as
light. That is, both were changed in the same direction as
formerly, but not as much, indicating that some unnoticed
factor in the decolorizing had had a critical influence,
Charcosls Su and 3v 4id not decolorlize as well as 3j.

To determine the effect of time upon this type of decolor-
1zation, four samples of 3¢ were mixed with egual quantities
of oil (1 gm., 35 cc.), and heated for varying lengths of
time in the oven at 108 degrees. All the samples were given
a reddish color which made accurate comparison with oil-a‘
a8 as standsrd lmpossible, but such comparison as was made
indicated that this sample changed very little after the first
two hours, although one of the 5 hour-30 uinute samples seemed
to become darker. (See Table, 01l decolorization II.)

0il decolorization IV,

(This is reported here instead of oil decclorization
ITI, because of similarity of method and purpose t¢ 0il dew
colorization I and II).

Since so much trouble was had on account of the oils
becoming reddened. it was decided to repeat the method of oil
decolorization I, using samples of the same charcoals and the

same amounts of oil, but running at a lower temperature.



Results of this teost showed that the oils (heated at 88
degrees for about 8 hours) did not in general decolorize as
much as the olls of decolorization I, but the charcoals
which produced very dark oils in decclorization I did not
produce such dark cils at thls lower temperature. It seemed
ags though the powzr of the charcoals to "put in red" and
"to take out yellow" were both decreased at the lower tempert-
ture. (See Table, 0il decolorization IV,)
041 decolorization III (Charcozl 3f, 5 gms., 150 cc. oil-a)

In order to study the effect of agltation and also
of time upon the decolorizing action of a charcoal upon oll-as
the following experiment was conducted.

5 gms. of charcoal 2f and 130 cc. oll-a were placed in &
wide-mouthed, short necked, 350 cc, round bottom flask, fik¥ed
with a thermometer and high speed stirrer. The mixture in
the flask was then stirred briskly and kept at avout 20
degrees by a bunsen burner. During the first half hour,
however, the temperature went up once to 103 degrees for a
short time. 10 ce. samples of the mixture were pipdtted out
sbout every hour, and filtered. During the test, however,
the mixture was allowed to stand twice overnight at room
tempereture.

This test shedconsiderable light upon the formation of
the red color, tut did not explain it., It was . found that
during the first two hours of agitation the olil hbecame darker
and darker, taking on a reddish tint as it did so., Then on

gtanding overnight the oll became still darker. Agitating



and heating, however, for two hours nmere after that caused
the red color %o drop enormously, until the oil had lost 1ts
reddish tint completely and was only about 3/3 as yellow as
the original oil-a. Further agltation caused the oll to
lighten still further, but with the taking on of a greyish
tint and the exhibition of the Tyndall effect. On standing
overnight al this period, the oil became slightly lighter,
instead of darker as during the early stage of the run.

The same samples which had been taken from this run were
tested again as to color after standing clear in thelir res-
pective test tubes for two days. It was then found that the
samples which had previously been much darker than the original
coil were now considerably lighter than the original, and the
decrease from their darkest color had been enommous-in the
most extreme case from about 198 cu/ce to about 58 ocu/ce.

The lighter samples had azlso decreased in color, but not to

so great an extent.

The seme samples were tested again after about 10 days
total standing. In 8ll cases there was & decrease in color
from the pravicus reading, except wherZe the two readings were
practically the same, in which case the difference between
the two was greater than the limilt of accuracy of the color
determination. The amocunt of the cclor decrease was, howevee,
very small compared to that which took place during the first

tm days of standing. (See Table and curves, oil decoloriza-

tion III.)
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011 decclorization V. (Charcoal 3g; 4 gms., 130 ce. oil-a)
Since there wzs such & great increase in color during

the first part of o0il decolorization III, it was thought that
this darkening might have been due to0 the accidental increase
of the temperature up to 103 degrees during this period in the
case of oil decclorization III. Ancther run was made, thsrefore,
and &t the lower temperature of 80 dsgrees, using a water bath
t¢o increase the stabllity. Standing overnight was also avoided
during the early part of the run, As will be seen from the
curves, shown later, even at this lower teuperature there was
an incresse in coler (with reddish tint) during the firet stagze
of the run, but this color hegan to fall off before the first
five hours of stirring had been completed. Thereafter, on
standing within the flask in contact with the carbon, the oil
hecame lighter, thus exhititing the same effect inside the
flask in contact with the carbon zs had been shown by the
samples in decclorization III on standdng aftsr being filtered.
Also, the senmples taken during the eariiest part of the run
hecame derker after standing two days, and then lighter again
after gtanding four days. whereas the semples taken during the
latter part of the run became lighter and lLighter. The final
oils (after 4 days), however, up to and including the sample
taken after four hours! stirring, were all darker than the or-
izinal , whereas stirring for two hours more caused & very great
decrease in coler, the final sample becoming ultimately only
about 18% as deeply colorsd as the original oll-a. These latter

samples, however, as in the case of oll decclorization III, pos-

a~essed & slightly grey color and Tyndall effect.
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d had 3 'mﬁ.
0il decolorization VI. (Charcoal 3o - g 7 ;ms. ), 300 ce. oil
4,0 gms, a

0il decclorizétion V showed that the sppearance of
the red color in the oil was not due %o heating over 100 degrees,
and that the oil heated only to 80 degrees also took it on.
Therefore it was decided to carry on the runs thereafter in
2. bath of boiling water, to insure uniformity of tewperature
and slso a sufficiently high temperature to get fairly rapid
decolorization,

In order to study the action of another charcoal under
similar conditicns, a sample of 2d (with a small amount of 2o,
to make up 4 gme,), and 300 co, oil-a were treated in & menner
gimilar to that of o1l decolerization V. The curve of the
color of the samples taken immediately aftsr removing the
sample was similar to that obtained in oil decolorization V,
except that the olle did not become nearly so dark., Stirring
was also carried out longer than in oil decolorization V, so
the oils became lighter than that of the last sample of de-
colorization V, observed immedistely after withdrawal from the
flask. (Readings on standing have not yet been taken.)

011 decolorization VII.

This decolorization was carried cut in & manner sim-
1lar to thet used in the others, except that a 200-cc. Erienw-
meyer flask was used, fitted with & large stirrer, caﬁable
of moving almost the whole mass of oll and charcoal within
the flask. This stirrer was then operated very slowly (one

revolution in about 2 seconds), which was just encugh to keep



the mass moving and most of the charcoal off of the bottom,
or moving over the bottom.

Using 3 gms. of charcoal 3f, with 300 ce, cil-a, and run-
ning with the above stirrer at about 95 degrees in a water bhath
gave samples about 50% as dark as oil-a after 5 hours stirring,
but the coclor did not decrease very much more after 13 hours
stirring, the last sample being about 30% as dark as oll-a.

The grey cclor and Tyndall effect, howevar, were absent, so
far as could Be observed. This would indicate that using a
tetter charcoal undsr these conditions might decolorize the
oil to a greater extent and still avold the grey color and

Tyndall effect.

Comparison of Sugar and 0il Decololzations.

The charcoals from 2¢ to 3s can be listed in the order of
their sugar decolorizing power according to sugar deccloriza-
tion I. 1If then the results of oil decolcorization II and IV
be listed opposite the corresponding carbons , it will be seen
that except in the case of the best and the poorest carwbons,
there is no relationship betwesn the decolorizing power of a
carbon with respect to sugar and that of the same carbon wilith
respect to oil. However, if the results of the oll decoloriza-
tions are grouped according to conditions of activation of the
charcosls involved, as was done in the case of the sugar de-
colorizations, it is found that in general for any given tem-

erature. as the time of activation increases, the decolorizing
power alsec increases, as in the case of sugar decolorization,

but the difference hetween high temperature and low temperature
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actlvation does not appear to be as great as in the case of the
sugar soclutions,.*

It was intended to ¢arry on this research from this point
as follows:

Prepere a standard sclution, either of sugar or non-sugar
meterials, which will be olear, of the same color as partly
decolorized sugar solutions, and reproducible.

Work out a standard method of decolorizing sugar sclutions,
which will not be subject to criticzl factors difficult to con-
trel, as has apparently been the case with some of the suger
decolorizatlions so far carried on.

Increase the rate of stirring of the oil decclorizations
to see if this can be done up to a certain point without
producing the grey color and Tyndall effect. Use the rate so
declded upon as a standard for other decolorizations. Adopt
a uniform procedure of sampling and color determination with
respect to time, so that all results can be compared to one
another.

Carry out a series of activations similar to the first
series, and use the charcoals produced from these in standard

tests on sugar sclution and oll-a.,

*These values are placed on the chart of sugar decolorizations,
grouped according to conditions of activation.



PART IT

Following the proposals made at the end of Part I, a
larger furnace was first made for the purpose of producing

larger samples.

Descriytion of Furnace

A silica tube, 36" long by about 3" inside diameter
was placed vertically within an iron flue which in turn was
hezt insulated. Gas was fed in at the bottom of the blue,
and both air and gas fed in separately at othsr points higher
up. A charge of 110 gms. of charcoal was held within the
tube by & perforated porcelain disk supported on & nichrome
tripod which rested on a cork containing a glass outlet. tube.
?his charge filled the silica tube to a depth of about 30",
Steam was fed in from the top, thereby becoming preheated by
rassing down the unfilled portion of the silica tube,

Three thermocouples ("Advance" and chromel) were placed
within one pyrex tube, so as to regilster temperature at the
bottom, middle, and top of the charge, This tube was kept
a8 near to the center as practicable. Another similar thermo-
couple placed near the edge of the charge, and at the same
height as the central thermocouple, indicated that temperatures
near the edge and at the center of the charge were practically
the same, for which reeson the outer thermocouple was not used

after the first few runs.



The chief difficulty invelved in the oprerationes of this
furnace was the control of temperature, the latter being very
difficuit to maintain both constant and uniform. In fact this
was not found possible to accomplish, so the hest that could he
done was toc keep a contlaucus record of the femperatures at
the three thermocouples, and to determine the average of these
continually changing temperatures, calling this latter the
temperature of the run. This was nct theoretically scund
practice. A momentary high temperature would nct be offset by
& gimilar period of low temperature running, since the former
action is very much more rapid., However, it was assumed for
;his purpose that the variation in tewperature was sufficiently
small to allow the avérage temperature to be used as represent-
ing the temperature of the run,

Another disadvantage of the gas fired furnace used, be-
gide that of temperature contrel during the run was the var-
iable length of time necessary to get the furnace and contents
to the temperature desired for passing steam, There was always
some distillation of residuval hydrocarbons during this periced,
28 shown by the efflux of & lumincus burning gas at the furnace
outlet, and where the period of pre-heating excesded the time
hecessary for this distillation, which was usually the case
(verying from 4 to 1 hr,) there was doubtless some activation
due to airor water vapor present befere the steam was regulerly
passed,

Excess steam was always used, but some variation in its

amount between runs may have influenced the results,
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The sawdust was carbonized in the same manner as previously.
Three different lots were made durlnzy this series cf experi-
ments, each being a mixture of several individusl batches.
Since each was made in the same manner from the same material,
and consisted in a mixture of several batches, it was thought
that the averaze mixtures so obtained would be practically the
same as though the entire amcunt used had been made up at
first and mixed. It was obssrved, however, that the sawdust
in the bottom of the sack, used in the last lot {(no. 5) was
somewhat lumpy, due to its having absorbed rain water. The
lumps also had a slightly darker appearance than fresh sawdust
indicating that the water may have been somewhat muddy. This
was used just as it was in preference to fresh sawdust, partly
out of curiosity to see 1f such poor material would yield
good char, although it was thought that these new factors
wculd not affect the result apecreciably. The charcoal so
produced was found t0 be conslderably less dense than that
formerly produced, as shown by the fact that the beaker
formerly used to hold the weighed sample would not hold the
wsight needed (cccupied about 30% more volume). The activated
chars from this charcoel were also lighter, blacker, and
ncre active than the others. Unfortunately, since both fagcw
tors were changed at once, it is not definitely known whether
thesgse latter facts were due to the character of the sawdust orxr
to the different conditions of activation, but since the in-

erease in activation was in the direction which is indicated
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by the condltions used in forming the less active charcoals,

and since the differences among the various chars of this same

carbonization are in uniform relationship to the conditions of

activation, it wmay be assumed that the latter factors were of

at least greater Influence than diffsrences in the sawdust used,
A sample activation is here recorded to show how the temper-

aturesvaricd and mow the tempersature of the run was calculated ,

Decolorization Tests upon Standard Solution of
Blackstrap Holassss,

It was decided to use & 3% golution of blackstrap molasses

7ith H ion concentration of 0.007 N, as ussd by Coates* in
the evaluation of decolorizing carbons obtained from bagosse.
It was found, however, that if the solution were brought down

to thils acidlty by the addition of NalOH, after the solution
had been filtered with kiessliguhT that it would again become
cloudy, and unfify for use as a standard., Addition of acid would
redissolve the doudiness., It was also found that the color of
the solutlon itself was effected by the acid coneentration, e
coming lighter with more acid. Finally the standard 3% solu-
tion was prepared as follows:

240 gms. blackstrap molasses were dissolved in water, and
a sclution containing 3 gms, NaCH was added, this belng known
fronm a previous trial to Be nearly the amount of Nal0H reguired
t0 neutralize the acld in the molasses used. The mixture was
then diluted to 6000 ce., 130 gms. kieselgunr addied, boiled,
and filtered, Acldity was then tested by titration with

standard NaOH and phosphoric acid soclutions, using phenolphthalein
*Jour, Ind., Eng. Chem., 14, 395 (19323).




28 an indicator., Considerable practice was reguired to be
able to rocognize the end-point on account of the reddish
cclor of the sclution 1tself, and the gradusl change in color
of the soluéién, Independent of the phenolphthaleln, which
took plade on adding acid., However, a definlte cherry red end
voint was discovered which gave consistent results . By this
method the solutlon was first made neutral, and finelly the
caleculated amount of water and acid added to produce 8 1li. of
0.007 acid N. solution. Subsequent checks showed that the
acid c&nésntratian actually lay betwesn 0,0075 and 0.0084 N.,
this being about the limit of accuracy obtainable by the
method used,

The color standard consisted in onse part of the above
solution and one part water, but in caslculation of color
depths the value of this solution was set at 50 "color units”
per cc,

The standard method of decolorizing adopted was the same
a8 that ussd by Coates (Loc. cit.), except that smaller
portions were used, The methed was as follows.,

3 gms, charcoal and 100 cec. molasses sclution were placed
in a 300 cc, Erlemmeyer flask, heated to bolling, stoppered,
and left in a boiling water bath for 10 minutes with occasion-
al shaking.

I% was attempted to secure curves under approximately
the following conditions, but the actual conditicons as cal-
-culated from the record, as above indicated, were taken rather

than the conditions arrived at.



Temp.  Time (min.) of  Temp. Tire (min.) of
degrees C passing steam. dezrees C passing steam.
800 20 735 10
30 20
40 30
50 40
700 20 50
30 750 10
40 30
50 30
80 40

Tests ware first run on samples ¢f charcoal in the same
condition 2s obbained from the activation, TFollowing these,
tests were made which showed that powdering considerably in-
creascd the decolorization as obtained by the standard nmethod.
There was, however, difficulty expserienced in filtering the
pourdared samples, and 1t is probable that some of the dif-
ferencas between durlicate runs may be tracesble to this.

The effect of time of hesting upon the decolorizing action
of powdered charceal was also tested with the result that there
was apparsntly no decrsase in color of solubtion aftsr the firsy
10 ninutes, hut rather an incrsase 1f anything, It is
thought, however, that these variatiocns. since irregular,
were due tc dissimilsrity in the efficiency of filtration of

the different samples.
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Charconl

S-3  Hin, Semple  Stendard Cclor wvalts

heating reading reading »er co,

1 10 38.8 7.8 10.3

g 15 38.8 7.6 13.3

3 30 39.3 7.6 12.9

4 35 35.8 7.8 14,7

5 30 24.9 7.8 15,3

Similar tests carried out with wnpowdered samples, however,
(ehich were easily filtered) showed no definite increase in
decclorization with the time of heating.

4-d

1 10 23.8 7.8 18,7 (gray cclor)
3 15 48,9 8.1 8.5
3 20 50.2 8.8 6.8
4 35 4.8 8.8 8.1
5 30 5.2 5.2 5.1

Since, therefore, neither of these tests indicated sub-
stantlal decolorization after the first ten wminutes, the latter
time was taken azs standard, as sugcested by Coates (lLoc. cit.).

The results of testing the decclorizing power of all the
gamples, both in powdered and unpowdered form are given in

the following table.



Pode mele-

assss decol.

cu/cc. ——Unpowd,

-3

Aver., Tiwe &
Temp, min, yield July © July 7 Powd, Unpowd.,

3 704 .20 55,2 44.8 63,3 31.6 54.1
3g 712 41 17.8 30.1

3h 598 48 52,0 83.8 74.5

31 B7C 51 7G5 99.0 69.3

33 59l 53 86.6 104.1 69.3

3k 672 45 88.7 31.1 70.0

3L 647 50 54.3 42,4 51,3 85.8
2w B7Y 50 54.3 47.7 53.8 50,9
3n 680 30 58,0 58.7 63.4

30 G678 83 47.8 28.0 36.3

3p 688 41 4.8 35,3 53.0 55,6
4s 651 23 83,8 73.8 70.0 .
4 BO7 50 85.7 8L.5 80.3 83.8
40 800 40 84.7 84. 78,5 64.1
44 547 30 68,8 94.4 73.4

4e 583 20 3.3 97.5 78,8

4 735 40 44,8 16,73 :

5a 749 30 47.8 14,1 43,0

5h 743 20 57.1 37.9 54.0 13.8 52,7
B¢ 770 11 88.8 87.5 8L.3

56 710 51 43,9 11.0 38.0

S5e 700 30 49,5 13.8 3S.7

5 710 40 57.1 33.3 55.5

5¢ 693 30 80,0 50.2 85.0

Tntreated charcoal 80.9



. .

Physical Characteristics of ggg
Charcosls.

Then the samples used in the foregoing tests were
powdered, it was noticed that thsy ranged from greyish to
very black in sppesrance. Also, the Llackest ssuples were
softest (the quality of flour), and had the lower apparent
density.

Out of curicsity the samples were classifisd acccording

to blackness, with the following resuld:

Very black Medium Grey
ar 3¢, 1, m,n, 3, h, 1 j,k
o, P 48, b, ¢, d, e
Bd, ¢, £ Sa , b, 8 5S¢

It is interesting to note thaet the blackest samplss
exhibited the greatest decolerizing power, the grey the
le=st, and the medium, in general, between these two,

Discussicn of Results of Sugar and Holssses Decclorization
Experiments.

The most important results obtained are indicated by

the contours drawn in plates I and II, In the first place
they show that the electric furnace produced better decolor-
izing charcoals for glven apparent condltions than did the
zas fired furnace. However, both sets of contours indicate
that the region of greatest activation is in the urper right
hand part of the diagram, or simply that reglon in which both
the temperature and time of activation is high. This is what
mizht have been expscted from the suprosed nature of activae

tion, which consists at least in part of increasing the



ricropores by oxidation. A less obvious probability, however,
is shown by the fact that above 775 degrees the contours are
practically vertical, cr even sloping upwards to the right,
which msans that at these higher temperatures even though

the rate of oxidation is higher the increase in activation
rer unit of time of passing steam is ne greater, end scems

to be even less than at or below 77C degrees.

The red contour of plate IT illiustrates this prohability
even more forcibly, showing that at 9S00 degrees even though
most of the charcoal be oxidized (8497 loss) the product is
not as good as that produced arcund 750 degrees with losses
of less than 50%.

Both plates taken together also indicate that the most
rapid incresase in activation per unit of time of passing
steam or per unit of loss in weight take place at about
750 degrees,

The sas firved semples of plate II also showiup %0 &
loss of about 35%, the temperature at which the loss took
place makes very little difference upon the decolorizing
power of the charcoal, wut for higher lousses, the higher
the temperature, up to about 750 degrees, the better. At
hicgh temperatures the ef’ect produced by a given loss in
weight becomes less and less (now shown by the electric
furnece data), until, as previously stated, at 700 degrees
a very large loss produces no better charcozl than a smell

loss,.



The final conclusion to be derived from all these data
taken together is that the best charcosls for either sugar
or molasses decolcerization will be produced Ly activation
at about 750 degrees, and that at this temperature the
best charcozls may be produced by oxldizing to a loss of
about 50%. The best individual seample of all, 2j, produced
in the region of 750 degrees and 50% loss in the electric
furnace, and the low contour of the gas fired furnace which
centered about thls same region, supports this probabllity,
although it is possible that slightly better charccoals might
he produced by contlinuing the oxidation at this temperature
to still higher losses,

Little 1ight is thrown upon the problem by plates III
and IV, except that they show the effect of unpowdered samples
to be similar to that of powdered samples, although they are
on the whole either less active or slower in their aection.

Cil Decolorization Experiments

In the latter part of Part I 1t wos shown that there were
a number of pecullsr phenomsna exhiblted in oil decclorization
by charcoal, such as:

1, The charcoals "put in" a red color durlng the first
few hours of stirring with the oill, and later toock this out
agalin togsther with some of the natural yelléw color, but
added grey after many hours when red and yellow were almost
completely removed,

2., On allowing the mixture to stand without stirring,
it would become darker (in red) if the standing tock place



near the bveginning of the run, (See plot of oil decoloriza-
tion III),\or lighter if the stending took place near the
end (III and IV). All the samples, however, on standing
after Tiltration for about two days, became wmuch lighter,
and the very darkest samples became nearly azs licht as the
others., Further standing seemed only t¢ increase the same
change, in smaller proportion.

The two new experiments, results of which are plotted in
rlates V and VI, were conducted for the purpese of further
studying the phenomena of charcoal decclcorization of cils in
order that a standard method night be worked out for testing
the decoleorizing effect of different charcoals in oil.

In these experiments 400 cc. of prime sumumer yellow fe-
fined cotton seed o0il were mized with six grams of activated

(charcoal in & 500ce, Erlemmeyer flask. The latter was kept in
e bciling water bath. A stirrer was placed in the mixture
and rotated by a metor.

The two plates glven represent two new expsriments, the
first that of & nmixturs of charceozl and oil very highly
agitated by a small propellor rotating at high spesed. 10 co,
samples were pipetted out of the mixture at fairly regular
intervale, and filtered as soon as tuken. The apparatus was
shut off at night, and sometimes left inasctive for as long
ags two days. The abscissoe of the graphs, however, represent

actusl stirring time, while the length of time of the rost
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pericd preceding the taking of each sample is indloated at

the point representing that szmplels color reading., After all
the samples had been taken and the stirring part of the
expsrinent completed, they were each compared to elther the
original oil, or a bleached sample as a standard, calling ths
original oil 100 color units per ce. The ratio between the
color of the original oil and the standard bleached oil was
found in the first place, so that the final result was theoret-
ically the same as though all the samples had been compared to
the original., The method used, however, had practiczl ad-
vantages, Considerable difficulty was often met with in come
paring colors, especlelly due to grayness which appeared in
the sample tsken towards the end of the stirring period. These
difficulties were reduced, however, by practice in preliminary
experiments and differential 1llumination to such an extent
that readings checked satisfactorily.

The curve of Plate V labelled "Readings made June 30th"
shows how in this case the oil became lighter and lighter with
stirring, until a certain minimum point was reached, after
which it became darker again, although the latter darkness
was in gray. The long rest (43 hours, 55 min.) between the
taking of samples 3 and 4, with the noticeable increase in
color instead of decrease, shows that between these samples
the darkening due to standing more than offset the lightening
which takee place on stirring. If the "standing" factoxr could

have been made constant or practically eliminated by running
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the experiment continuously from beginning tc end, the pointe
would probably have fallen on & smoother curve.

Then the whole series of filtered samples wes allowed to
stand eight days, they all became lighter, with middle drawn
samples showing the least lightening and the latter samples
the greatest.

The most striking phenomena of all, however, was shown when
color readifdgs were again taken after five days more had
elapsed. The first two and last two samples had become still
lighter, but those in between had started to darken again (Plate V).

It thus appeare that & standard method of testing the de-
cclorizing power of charccals in oills, if the method involves
heating and stirring, would have to include not only & prescrib-
ed temperature, rate of stirring and time of stirring, but alsec
a standard length of time of standing after filtration of
samyles, This standard time would have to be at least more than
two weeks, and as much lenger as is necessary to bring the oil
to & constant color,

The only difference observed between the results obtained
in the latter of these two experiments (plotted on Plate VI),
and these of the former expesriment was that in the second case
the latter samples were not darkened zs much as in the correse
ponding samples of the first experiment. The curve of readings
taken after a two weeks' standing was in this case similar to
that after a weeks'! standing in the former experiment, but no
more readings were te ken after that., None of the samples,
however, showed as much lightening in cclor with the slow stirring

es with the rapid, for the amount of time allowed.
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The conclusion of these experiments on oil decclorization
indicate that at the present writing it ssems as though the
only way t¢ form an adequate estimate of the decclorization
velue of & charcoal on an oil would be %0 conduct & complete
experiment similar to the ones descrited, plot the results,

and evaluate the charcozl in accordance with the appearance

of the entire plot.



Explenation of Pluatbes Referring to Sugar and
Molasses Decolorizations.

Plate I. Red pcints and contours refer to decclorization
of sugar sclutions by activated charcosls producsd by electric
furnace with smaell capacity, while black points and contours
refer to decolorization of molasses soluticns by charcoals
activated in the larger ges fired furnaces,

The curves represent contours of equal actlivation, but the
two sets do not fit each other, since the activatlon apparatus ,
solution decolorized, and standard prectice of dsccolorization
diffsred in the two cases,

To the left of each point is written the nuwber and let?er
which identify the corresponding charcoal sample, and to the
right of each polnt is indlcated the depth of color in the
colorized solution. The contours ware drawn as nearly &8 posS-
sible to represent the reglong of activation conditions which
produce approximately equal rssults in decolorizing. This
method of labelling boints appl ied to all of the first four
rlates.

Plate II. This represents the same experiments as FPlate I,
and is in every respect tﬁe same a8 Plate I except thet the
abscissa: is in terms of percent loss in w=ight of charcoal
during activation instead of time of passing stesm through the

charcoal .
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Plate III. This is & plot of the results obtained Dby
decolorizing solutions with unpowdered samples of charcoal, in-
stead of powdered, as in the case of the data plotted from the
gas furnace charcoals shown in Plates I and II.

Plate IV. This bears the same relation to Plate IIT as
Plate II d4id to Plate I, in that the abscissa is in percent

loss in weight of charcoal instead of in time of activation.



Oven temperature 180 degrees.
1 gm. Carbon, 35 cc. 0il

Sample
h (b)
3 (v)
(c)
uz)
v(a)
c(b)
(c)
(@)
(e)
u (b)
v (b)

Table, 0il Decolorization II

Time in oven (hrs.)

5-1/3

"
L
i

1]

3-1/3
3-1/3
5-1/3

L

67.0
3.7
36.9
44,3
49,3
34,7
329.0
£4.4
33.0
35.8
30.1

-l D

Color units per cc.
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Table, 0il Decolorization III

5 gnms, Charcoal, 150 cc, 0il,
Rapid agltation.
Samples. 3-f.
(Time of stirring and other factors are shown in the
plot, but are not given here.)
Color units per ce,

Sample Readlngs taken after 3 days after 10 days
immediately
1 133 73 88
3 143 65 48
3 187 59 58
4 40 38 23
8 35 24 21
8 38 30 17
7 18 18 15
8 18 17 17
9 19 17



-dT -

Table, 0il Decclorization IV

Oven temperature, 68 degrees.
3 gus, Carbon, 35 cc. cil.

Sample Color units per ce. Sample Color units per cec.
h 118 n 45.7
g 58,3 © 83.5
e oL.8 P 1.0
d 110 T 35.8
k 75.8 8 56.0
1 49.7 ula) 108.4
n 24.2 v(a) 94,8
u (b) 118

v{b) 56.8



Table, 0il Decolorization V

Same proportions as Decolorization III.
Same speed of agitation.
Temperature 80 degrees.

Sample  Readings taken Color units per cec,
imme%;%tely ?ifer 2(g§ys o after 4 days
1 103.3 133 155 143 110
3 138 143 138 135 131.4
3 170 138 135 131 121.0
4 313 138 128 137 136.0
5 173 79.5 €l 80 39.0
] 20 47.1
7 3l.4
8

16.0
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