. HOKKAIDO UNIVERSITY

Title CARBONIZATION OF WOOD BY I_)EHYDRATING AGENT : Part | On the Preparation and the Decolorizing
Power of the Hydrated Active Charcoal (H-A charcoal) from Wood

Author (s) HANZAWA, Michio; 3%, EBR; SATONAKA, Seiichi et al.

Citation LEBERBREM RBEMARRE, 17(2), 439-463

Issue Date 1955-12

Doc URL https://hdl. handle.net/2115/20721
Type departmental bulletin paper
File Information 17(2) _P439-463. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




CARBONIZATION OF WOOD BY
DEHYDRATING AGENT

Part 1

On the Preparation and the Decolorizing Power of the
Hydrated Active Charcoal (H-A charcoal) from Wood

By

Michio Hanzawa and Seiichi SAToNARA
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The decolorizing chars are formed by the action of heat and chemical
reagents on vegetable substances, however there are very many manu-
facturing methods. ‘

The methods of manufacturing and preparing decolorizing carbons
may be divided into several classes, but the most common method is the
carbonization of the organic substances at high temperature such as
700-1200°, and removal of the. volatile matters and tarry substances
which are formed as by-produects, by the most suitable method and
resulting in the obtainment of porous active carbon. For the activation
air, carbon dioxide, chlorine, over-heated steam, and air and steam are
most commonly used. ‘ -

There are known other methods much different from the above
mentioned methods which employ ecarbnization at high temperature.
By another method vegetable materials are carbonized by dehydration
with action of concentrated sulphuric acid or phosphoric acid at low
temperature, resulting in colloidal and porous active charcoal. The
active charcoal which is thus prepared has low degree of carbonization
and the carbon content is lower than general active carbon. "Hitherto,
it has seemed that the carbon of such low-degree carbonization has
low decolorizing power activity. But this dehydrated substance is highly
effective for decolorization in moistened (hydrated) state.

M. HaNZAWA, Assistant Professor, Doctor and S. SATONAKA Assistant, both: Institute of
Forest Products, Hokkaido University, Sapporo, Japan. -
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On these active charcoals* there have been few reported investiga-
tions (in Germany, Czechoslovakia, Italy, US.S.R., and United States).
In our country a very interesting study by Mizuno and Kato® has been
performed. They obtained a good decolorizing charcoal, which at first,
they called “Shitsujun kasseitan” (moistened active charcoal) and after
called “Suika kasseitan” (hydrated active charcoal).

Mizoxo and Karo selected raw materials which contain nearly pure
carbon (material such as carbohydrates are most preferable), and dehy-
drated them with concentrated sulphuric acid by heating at 150° and
obtained decolorizing charcoal that had a good activity. However they
stated that the presence of lignin in the raw materials should be avoided
for the manufacture of hydrated active carbon like a general active
carbon because lignin forms tarry substance much more than cel-
luloge, as had been stated by Fiscuer and Trorscu® They also consider-
ed that in case of using raw materials for the hydrated active charcoal
which differed in reaction mechanism from general active carbon, one
should select the materials in which the lignin content is small. They
chose mandarin orange peel for the raw material, which is superior to
the sawdust of wood, as it has small content of lignin, is easy to gather
and is low in cost.

Procedure of preparation of the hydrated active charcoal by
Mizu~no and Karto is as follows:

The raw material is dried in air bath by heating at 100°, and ground
to size to pass through about 10-mesh. This material (8¢g) is placed in
a beaker, 70 per cent sulphuric acid (40g) is added and heated in a
water bath at 80° with stirring for an hour. Water vapors are evolved
as bubbles and gradually solidified to form a gel, however in such a
state further carbonization does not proceed even with additional heating
(at 80°). Therefore the gel is ground in a mortar, and is heated at 150°
for 8 hours in an oven. During this heating carbonization proceeds with
the lapse of time, and the activity of the product is increased. The gel
is shrunk and if the heating is too long the activity is decreased in
accordance with the shrinkage of the product. The carbonized product
is ground again in a mortar and washed with boiling distilled water
until the reaction is neutral, filtered in a Buchner’s funnel with suction,
and stored in sealed jar.

Under these conditions Mizono and Kato manufactured hydrated
active charcoal from filterpaper, saw dust, lignin (Willstitter lignin) and
mandarin orange peel as raw materials. These products were moist and

* “Collacti‘vit”, “Colloidal C” ete.
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in the form of a black powder which the yield and moisture content as
shown in following Table:

Yield and moisture content of hydrated active
charcoal by MizuNO and KAaTO.

Raw Material Moisture - Yield (Oven-dry basis)
I ) | (%)
Filter paper 85.1 50.5
Saw dust 4.7 50.2
Lignin: 719 57.7
Mandarin orange pesl 75.7 60.4

Elementary analysis, showed that the charcoal made from filter
paper contains hydrogen and oxygen atom at the ratio of H,O 26 per
cent, S0, 3 per cent, while the remainder is carbon.

Mizu~no and Karo tested the adsorptive (decolorizing) power and
investigated the difference between the sort of raw materials. They
compared their material with active carbon that was activated with
zine chloride, and observed the relation between decolorizing power,
moisture content and adsorption of electrolyte. They stated that their
charcoal is a carbonized product with removal of the water of construction
from raw material, and if carbohydrate materials are used the adsorptive
power is especially high and characteristic. These charcoals have
activity in the moistened state and the activity is decreased by drying.
The decolorizing power of these charcoals is of the same order as that
of the active carbon which is activated by zinc chloride. They have
summarized that their charcoal has a high decolorizing power even if
the amount of addition to the colored solution is small, the yield is high,
and it has good properties making it suitable for the sugar industry.
Later they manufactured the hydrated active charcoal from mandarin
orange peel on a large scale and tested it practically at a factory in
Taiwan (Formosa)®>. They persist in the lignin and lignin contained
materials are not suitable as the raw material.

Their method has been protected by patent.

The present authors have been considered that from wood it should
be possible to obtain an excellent hydrated active charcoal and that the
lignin in the material may not be an obstacle to the adsorptive power
of the product. Therefore studies were undertaken and carried through
on the preparation of the hydrated active charcoal from various wood
materials under various conditions; tests were made on the adsorptive
(decolorizing) power of the products and compared with that of mandarin
orange peel and general active charcoals. Studies also were made on
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the chemical properties and the mechanism of the adsorption by these
hydrated active charcoals, and as one of the practical uses of these
charcoal the adsorption and elution of penicillin was investigated.

Raw materials.

(a) Sound woods: Samples were taken for the sound wood raw
“materials from four species, these were the most common soft and hard
woods in Hokkaido®, viz.,

“Todomatsu” (Abies Mayriana Mivase et Kupo), (Fir).
“Yezomatsu” (Picea jexoensis Carr.), (Spruce).
“Shina” (Tilia japonica Simk), (Basswood).

“Nara” (Quercus crispula Br.), (Oak).

(b) Decayed woods: Saw dust was taken from decayed wood
samples which were being used for the study on the chemical
composition of decayed wood in our laboratory.

Brown rotted “karamatsu” (“rakuyosho”), (Larix Kaempfem Sara.),
(Larch).

Brown rotted “sugi” (Chamaecyparis obtusa S. et Z.), (Japanese
cypress).

White rotted “yezomatsu” (chea jezoensis CArr.), (Spruce).

(¢) Butanol pulp: Prepared from dry saw dust of ‘“shina” (Tilia
Japonica Sivr) (100g) digested with a mixture of butanol (1£) water,
(1£) and sodium hydroxide (8 g) at 158°, under a.pressue of 132 Ib/in®
in an autoclave. Obtained pulp was washed with water and dried.

(d) Mandarin orange peel: Samples were taken from fruits of
medium size. '

(e) Sulphuric acid: Diluted the concentrated sulphuric acid e. p.
grade (ca. 98 per cent) with distilled water.

(f) Water: Used a normal distilled water, not conduectivity water.

Both raw materials (a) and (b), were dried at 105° in an oven, and
ground with Wiley mill and were sifted through a 17-mesh sieve. Ma-
terial (¢) was only shredded while (d) was dried, ground, and sifted
through a 17-mesh sieve.

Method of testing the adsorptive (decolorizing) power
and the preparation of testing solutions.

‘'For testing the adsorptive power of the active charcoal, the
decolorization of methylene blue and ecaramel solution was adopted. The
procedures for preparation of these solutions were in accordance with
the test procedures which are given in the Official Gazette (Kanpo),
June 19, 1947, but the methylene blue test was somewhat modified
for the sake of convenience. . :
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The so-called standard methods of estimation have comparison value
only. Adsorption of color by carbon has been shown to be an equlibrium
reaction in which materials other than coloring agents take part in
the equilibrium. ‘

(A) Methylene blue test. g

The preparation of 0.15 per cent methylene blue solution.

“Methylene blue f. Bac. Koch” Dr. G. Grijerer & Co. Lerrzia, was
used. It was dried in a desiccator over ecalcium chloride for several
days. Weighed 1.7536 g (amount of the water of crystallization was cal-
culated for C,HN,SCI-8H,0) and dissolved with 1000 g of water. This
0.15 per cent methylene blue solution had a pH value of 2.3.

The preparation of the standard solution for comparison
of the degree of decolorization.

For comparison of the color of the decolorized solution by the colo-
rimetric method a series of standard solutions of methylene blue were
made from the 0.15 per cent solution above described. First, the 0.15
per cent solution was diluted to 1/1000 of its concentration using a
measuring flask, and again this diluted solution was diluted. Ten
standard solutions were made which had concentrations of 1/10000,
2/10000, 3/10000, 4/10000, 5/10000, 6/10000, 7/10000, 8/10000, 9/10000, and
10/10000 =1/1000 of the 0.15 per cent solution. Ten glass test-tubes of
. the same size, thickness of wall and color of the glass were selected ;
in each of them respectively was placed 9 m¢g, 8mg, 7Tmg, 6 mé, 5m/s, 4
mf, 3mg, 2mé, 1 mg, and 0 mg of distilled water. To these test-tubes
were added respectively the 1/1000 diluted 0.15 per cent (0.00015%)
solutions of methylene blue; the whole volume of the solution in the
each test-tube was made up to 10 mg. Then tubes were tightly stopped
with cork, and for convenience numbered, No.1, No.2, No. 3, ------ No. 7,
No.8, No.9, and No.10 in order of dilute concentration (No.1 was the most -
dilute solution). These standard solutions were stored out of day-light ;
if the color perchance faded new standard solutions were prepared.

Testing procedure.

In the 50 m¢ glass stoppered Erlenmeyer flask or weighing bottle
was placed 0.1 g equivalent weight of active charcosal (as the hydrated
active charcoal was stored and available in wet state, it was not pos-
sible to weighed in moisture-free state directly) and 15 m¢ of 0.15 per
cent methylene blue solution was added. Then this mixture was shaken
by hand for 56 minutes at room temperature (15-23°%), and filtered without
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suction with Toyo filter paper No.7. The first few mg of filtrate were
thrown away in consideration of the adsorption by the filter paper, and
the most of the filtrate was taken in the test-tube having the same
qualities as the tubes in which standard solution was contained.
Compared the color with the standard solution by the naked eye,
and recorded the degree of decoloration by the number of the standard
comparing solutions; if it came to between No.8 and No.4, the degree
of the sample was recorded as No.3.5 (this number is only for con-
venience and not mathematical). Commonly 15m¢ of methylene blue
solution were added however, when the color of the decolorized filtrate
was more dark than No.1 of the standard solution, 13 m¢ was added to

the active carbon sample, and when it was lighter than No.1, 20 m¢ was
added.

(B) Caramel test.

Preparation of reagents.

Twelve grams of c.p. saccharose (Takeda Pure Chemicals Ltd.) was
dissolved with 8 m¢ of distilled water, and 5 m¢ of dilute sulphuric acid
(I m¢ of conc. sulphuric acid (d, 1.84) and 4 m¢ of distilled water) were
added. The solution was heated on a water bath for 30 minutes; while
it was still hot 2g of sodium hydroxide were added and mixture was
boiled on a wire gauze. After this was cooled (some resinous matter
was precipitated) it was neutralized with dilute sodium hydroxide solu-
tion (with litmus test paper) and diluted to 120 mg with distilled water
in a measuring cylinder. Then filtered, and this filtrate was stored with
same care as the original solution. The test solution was prepared by
means of adding 500mg of distilled water to 40 mg of this original
solution.

Testing procedure.

In a 100 m¢ glass stoppered Erlenmeyer flask or weighing bottle
was placed 0.1 g equivalent weight of the active charcoal, and 40 m¢£ of
the above described test solution was added. The mixture was shaken
for 1.5 minutes at room temperature (18-23°) by hand with the amplitude
of 10cm. and the number of vibrations was 160/min. Then sample was
filtered with Toyo filter paper No.7 without suction. Resultant filtrate
was compared with equal amount of the test solution by Dusosq’s
colorimeter, in which the decolorized caramel solution was placed at
the depth of 45 in the scale and the depth of the standard solution
was varied till the color state bzcame of the same tone with that of
the decolorized caramel solution. When the reading of the scale was
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Y, the percentage Qf decoloration may be ecalculated according to the
following equation: ‘

Percentage of decolorization = (1 — %) x 100

By this percentage of decdlorafion was shown the power of adsorp-
tion of the active charecoal.

Method of determination of ash in the hydrated active charcoal.

The content of ash in the active charcoal was determined by means
of micro-analysis® with 50 mg of oven dried samples.

Determination of hydrogen ion concentration.

As it is said that pH value exerts considerable influence on the
adsorption considerably, the pH value of the wash water at the prepara-
tion of the hydrated active charcoal and of the filtrate at the test pro-
cedure was measured by means of antimony electrode hydrogen ion
concentration (pH) meter.

In order to correct the pH-meter, Crark and Lues™ buffer solutmn
was prepared as follows: :

CLARK and LuUBS’ Buffer solution (total volume, 200 m?) at 20°.

02M NaCH 92M KH.PO, pH
(mg) o (mg) -
5.70 50 6.0
29.63 50 7.0
46.80 50 8.0

Katsura and Oxase! have reported that the adsorption of methylene
ble is not influenced by pH within the acidic range pH, 2.07—~6.95.
Calibration of pH-meter.

With Crark and Luss’ buffer solution the pointed scale of the pH-
meter was calibrated as follows:

pH value 1 ]
Solution Standard pH | expressed by | Deviation &‘;‘i’;"”tﬁ;
| pH-meter

Standard pH sol.
SHIMAZU’s 2.04 32 +1.16
CLARK and LuBS ' :
Buffer solution 6.0 7.1 +1.1 +1.17

” 7.0 82 +1.2 =12

” 80 99 +1.2
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It was known that the value which this pH meter expressed is
vhigher than correct pH, and that the average deviation is about 1.2;
then calibration was dependent upon this value.

Experiments on the Preparation of
Hydrated Active Charcoal.

To study the suitable conditions for the preparation of the hydrated
active charcoal, following factors having ‘influence upon the activities
of the products were considered. k

(I) Wood species, (II) Quantity of acid, (III) Decay of wood, (IV)
Concentration of acid, (V) Duration of heating, (VI) Pre-treatment (stir-
ring at room temperature), (VII) Carbonization at lower temperature
and increasing the time, (VIII) Pre-treatment (extraction of raw materi-
als with alcohol-benzene), and comparison of charcoal from wood, man-
darin orange peel and butanol pulp.

() Effect of wood species.

Most popular and much accumlated wood species were selected such
as “todo” and “yezomatsu” as softwood and “shina” and “nara” as hard-
wood, as previously mentioned in the paragraph on the raw materials.
Under the same conditions those wood samples were treated and the
dehydrated active charcoal was prepared; then the yields and pro-
perties were compared.

- Referring to Mizu~no and Karo’s method, the procedure of prepara-
tion were chosen as follows, Each 10g of oven dried sawdust from
four kinds of wood, which passed through a 17-mesh sieve, were placed
in ca. 300 m¢ beakers, 50g of 70 per cent sulphuric -acid (quintuple
amount of the material), were added and material was stirred with a
glass rod in a 80° water bath for one and a half hours. Then sample
was transferred into a small mortar and ground, again transferred into
the previous beaker and placed in a 150° controlled oven (air-bath) for
8 hours. During the heating, dehydration and carbonization were pro-
¢eeded and water vapor, SO, and other gaseous matters were expelled.
Then cooled in a desicecator over ecalcium chloride and weighed; de-
termined the evaporation percentage during carbonization. Next these
products were ground again in a mortar and then filtered on a Buchner’s
funnel with filter paper by washing with 2000 m¢ of boiling distilled
water in several portions. .

According to saccharification (hydrolysis) effect, a slight sweet odour
was smelled when the first boiling distilled water was added to the
charcoal. Some mg of the last filtrate was placed in a test-tube and
its pH value was determined using pH meter. The wet charcoal was
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then transferred into a watch glass and weighed, and stored in a glass-
stoppered jar. The-water contents were determined by usual method
with a portion of this product and the yields were ecaleculated on the
basis of oven-dry materials. The ash contents were also determined
by the usual method. _

During pre-heating at 80° in this procedure, the reactions differed
by the wood species. “shina” was dissolved most easily, then “nara”,
next “yezomatsu”, while “todomatsu” was hard to dissolve. After one
hour “yezo” and ‘“todomatsu’ melted completely, “shina” became slightly
cohesive, and “nara” was a little more gelatinized. Data resulting from
the experiments are recorded in Table 1.

Table 1. Data on preparation of the hydrated active (H-A)
charcoals with the most popular wood in Hokkaido.
[ Weight| | o o Wt of Yield
. | after |Evapo-: pE o wet . "
No. Wood species ‘ carbon. | ration f}l?ts: prod. Moisture Wt. ; Ash
: -
& | (% i (g (22) g (22) (%)
[
[I]11 “todomatsu” 85.7 4050 | 32 - 26.6 76.61 6.22 62.22 0.18
|
[1]12 “yezomatsu” 41.3 31.17 | 4.0 26.5 77.33 6.01 60.08 0.17
[T]8 “shina” 379 | 3683 J 33 | 283 | 8044 | 554 | 5535 | 0.63
[I]4 “nara” | 385 f 35.83 | 44 217 7851 5.95 ! 59.563 0.31
* Weight of the sample was 10g; treated with 50 g of 7025-H.SO;.
Table 2. and Fig. 1. Adsorptive power of H-A charcoals.
Methylene-blue o _ Caramel -
) o O | : De- x
- Read A
No. Wood | 45,.., pH , Bm¢ | pH | eadng color(laza)mtxon pH
o ! - S S I —
[I]1 “todo” | No. 45 2.3 No. 7.5 ‘ 22 12.0 73.33 —
[1]2 “yezo” 3.0 2.2 60 | 23 | 120 73.33 —
[1] 8 “shina” 2.0 2.2 7.0 22 11.0 75.56 —
[I] 4 “nara” 1.0> 2.1 l 1.0> 2.3 9.5 78.89 —
Methylene-blue 15—17 3 5 7 g0 (D2
[I1]1 “todo” X A [e]
[1]2 “yezo” X 5 [e]
[1]3 “shina” XA o]
{114 “para” 20 X o
Caramel 90 ) 50 30
(% of decolorization) 7 %
Fig. 1.

o Methylene-blue 13 mi.
20 m{.

O : Methylene-blue 15 mg.
X : Caramel test. From above figures.

[1: Methylene-blue
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Adsorptive powers were tested by means of standard methylene
blue test and caramel test as was described above. The results are
shown in Table 2 and Fig. 1. )

From the results, it is to be seen that ash content of the charcoals
made from hard woods was higher than that from softwoods, and the
charcoal from “shina’” wood had the highest ash content. The activities
of the charcoals made from hardwoods were better than those from soft-
woods, and that from “nara” was the best and that from “todomatsu”
was the poorest. The fact that the charcoal made from “nara” (oak)
shows the best decolorizing activity agrees with the facts that oak has
heavy (dense) and compact tissues and that generally the active carbons
made from the materials which have such compact tissues (like coconut,
ete.) show high activities.

It seems that the ash contents have not exerted influence upon the
adsorptive power in these charcoals.

(II) Quantity of acid.

In order to test the influence of the quantity of acid used upon
the activity of the charcoal, the used quantity of 70 per cent sulphuric
acid was reduced to quadruple of the weight of the wood sample.

Taking consideration of the results of the above experiment, in this
case the time of pre-heating at 80° was also reduced to one hour, and

Table 3. Data on preparation of H-A charcoals
with reduced quantity of acid.

Wt. pH of Wt. of Yield
No. Wood species cii;tsg' E::;%g' élatsrt pvzgg' Moist. ¢ T—‘_ Ash
@ | | e e @ | e |
[0] 1 “todomatsu” | 861 | 56.80 \ 32 275 | 7613 | 656 [ 65.64 | 0.10
[11] 2 “yezomatsu” | 361 | 47.80 | 84 297 | 7948 | 609 | 6094 @ 0.13
[I1} 8 “shina” 320 | 5600 | 33 29.6 | T7.60 | 6.63 ' 66.30 | 071
[] 4 “nara’ 303 | 59.40 \ 3.3 247 | T147 | 556 | 5565 | 030

Table 4. and Fig. 2. Adsorptive power of H-A charcoal made
with reduced quantity of acid.

Methylene-blue ~ Caramel
~ | O ; De- x o

No. Wood 18 mg pH | 15mg . pH ffezilanlge color(ization pH

i " % |

. | . !
[11] 1 “todo” No. 5 2.2 No. 2.0 | 2.0 140 | 63.89 - —
1] 2 “yezo” 55 2.1 8 2.2 125 72.22 —
[I] 8 “shina” 2.5 2.2 6 | 21 12.0 7383 —
[O] 4 “nara” 1> 2.3 » 2.3 9.0 80.00 —
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Methylene-blue 1y——7 3= 5 7 % No.
[D]1 ‘“todo” X A o
[M}2 “yezo” ) X A (o]

[0]3 “shina” XA (e}

[m14 “nara” A0 X o

Caramel 90 70 50 30
(% of decolorization) %o

Fig. 2.

the grinding process in a mortar after the pre-heating was ommited.
The other conditions were the same as in experiment (I). The results
of this varied method preparation are givenin Table 3.

The results of testing the aectivi-
ties are shown in Table 4 and Fig. 2.
Judging from these results, such a

Table 5. Comparison of activities in
Exp. I and Exp. II.

Methylene-blue

small decrease of acid quantity had —

. q“ z No. Wood 20 m¢ ] { pH
only a little effect, and “nara” was . | 777 =
the best and “todomatsu” was the [I] 4 “nara” | No. 5.5 26
worst in adsorptive power. To com- [0] 4 “nara” 100¢ | 24

pare the activites of the charcoals,
methylene blue test with addition of 20 m¢Z of methylene blue solution
was tested. It was found that the charcoal made from “nara” with
quintuple amount of acid showed better activity than that with quadruple
amount of acid, as indicated in Table 5.

(III) Effect of decay of wood.

In the decayed wood, depending upon the kind of attacking wood-
rot fungi, there are found white rot — attacks lignin in preference to
cellulose and allows more cellulose to remain, brown rot — attacks cel-
lulose more rapidly than lignin and allows more lignin to remain, and
intermediate rot — attacks both lignin and cellulose to an equal extent®,
The chemiecal composition of the wood differs great by the types of rot®.
In company the activities of hydrate active charcoals that were made
from these decayed woods, there is also convenient opportunity to test
whether lignin has a bad influence upon the activity. If it is possible
to obtain the charcoal that has a good activity, it is interesting in con-
nection with the wutilization of decayed wood.

As the raw materials, the authors used (1) brown rotted ‘“hinoki”
(Japanese cypress), (2), (3), (4), white rotted “yezomatsu” (Spruce) [order
of degree of decay was (2) (3) (4), and order of lignin content was (4)
(3) (2)], and (5) brown rotted wood of “karamatsu” (Larch).

The conditions of the preparation of the charcoal were the same
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as in Experiment (II) with quintuple amount of sulphuric acid. The
quantity of woods in this experiment and hereafter used was 5.0¢g in
dry-weight. The results are given in Tables 8, 7 and in Fig. 3.

Table 6. '~ Data on preparation of H-A charcoals from decayed woods.

Wt. | Wt. of Yield

No. Wood spocies (cgfgeo;_ mraper| Plasl' | et o, gy | A

, @ | () B IO T I B 2 I )

[ul 1 “oinoki” B) | 175 | 4167 | 38 | 142 7ae | 391 | w13 | oW
[W] 2 “yezomatsu” (W)! 155 | 4883 | 37 153 | 80.05 | 305 | 6L05 | 017
[ur] 3 : | 153 | 4900 | 86 | 157 | sios | 298 | sess | 013
[ 4 ” 134 | 5533 | 84 | 141 | 7890 | 298 | 5950 | 029
[ 5 “kavamatsu” (B)| 187 | 3767 | 89 | 127 | 7017 | 379 ‘ 577 | 174

Table 7. and Fig. 3. Adsorptive power of H-A.
charcoals from decayed woods.

Methylene-blue | Caramel
) R | . ‘Decolor-x
No. Wood 18 mg < pH ‘x 15 m¢ O pH (I){feas(ixari% ! iza(xtion  pH
. : %)
[} 1  Brown rotted N
uhinokin NO- 1/ 2.6 No. 1> 2.4 240 46.67 -
[MI}] 2  White rotted 2 2.6 35 23 |, 85 81.11 —
! “yezomatsu”
[ur} 8 » 1> 2.4 3.0 25 12.0 73.33 —
- [ 4 » ) 25 3.0 25 15.5 65.56 -
[n} 5 Brown rotted
“karamatsu’ - — 7 ' 2.8 30.0 33.33 5.2
Methylene-blue 1 1 3 5—7——9g 10N
[11] 1 “hinoki (B)” INC) x
{T] 2 *“yezomatsu (W)” X A
ms A \x‘g
[} 4 ” a X
[m] 5 “karamatsu (B)” o} X
Caramel ——90 ‘ 70 50 - 30 %

Fig. 3.

The yields of the charcoals made from rotted wood that has
much lignin are high. It seems the high lignin content that is a
reason why the brown-rotted wood has a high carbon content and
is with difficulty dehydrated with sulphuric acid. The high ash
content of the charcoal from brown rotted *karamatsu” (larch) seems
expectable, because of the high ash content in the wood (1.27 per cent).
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However it must be noted that the ash content is rather increased in
the charcoal, but dissolves the ash into solution by sulphuric aecid in
this experiment,.

To discuss the results exhibited in Table 7 and Fig. 3, the charcoal
made from brown rotted wood of “hinoki” (Japanes cypress) adsorbed
methylene blue very well but did not adsorb caramel very well; the
charcoal made from brown-rotted wood of “karamatsu” (larch) adsorbed
methylene blue a little but not caramel at all. In white rotted woods
of “yezomatsu” (spruce), the more the decay progressed, the more methyl-
ene blue was adsorbed, however, the less the caramel was adsorbed.
By this fact it is found that the result of methylene biue test does not
always run parallel with that of caramel test. From the authors’ ex-
priments with decayed wood, it appears probable that there are some
relations between the adsorptive power of the IHI-A charcoal made from
it and the B-cellulose content of the wood that was used as the raw
material'®,

It may also prove that from decayed wood it is possible to obtain
hydrated active charcoals which have excellent gqualities, and that lignin
is not always harmful to the activity of the charcoal produced.

(IV) Comparison with other commercial active carbons.

In order to compare the decolorizing power of the hydrated active
charcoal with other commercial active carbons, (58) 1 Merck arimal carbon
(which has been stored in our laboratory), (S§) 2 Ta--- Chemical Ltd.
(ditto), (S) 8 and (S) 4 two kind of active carbon A and B (which had
been stored at the Pharmaceiitical Factory of the Hokkaido Dairy Farm-
ing Co-operative Co. Ltd. for purification of peniciillin) were tested by
means of the methylene blue and caramel tests. Moisture and ash

content and 0.1 g equivalent weight were given in Table 8.

Table 8. Moisture and ash content of the commercial active carbons.

Samplo No. | Mark < E l e content. | 018 gfivalen
) (25} i (&)
[s1 1 | Merck | 2 18 ¢ 01208
(S} 2 | Ta | 24.33 o im 1 0.1322
[s] 3 \ A \ 20.42 ‘ 9.45 | 0.1257
[S] 4 E B ‘ 22.32 : 24.78 ' 0.1287

The ash content of these carbons was rather high, especially the
sample (S) 4 was high in that respect.
The results of test are set forth in Table 9 and Fig. 4.
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In this experiment, the results of methylene blue test run almost
parallel to those of caramel test. (S) 2 sample showed a good activity
especially in caramel test, however the other three carbons showed not
good results.

Table 9. and Fig. 4. Adsorptive power of the
commercial active carbons.

. ___ _ Methyleneblue | _ Caramel

Sample No. | 5., ® : pH |18m: & | pH | 15m O i pH Reading Decolor- pH
. i | P _ scale {72)
[S]1 Merck| No.— . — | No.10(| — | No.10¢| 19 | 300 | 3333 | 64
[S12 Ta — ] - 5 | 23 | 10 | 32| 85 | 8L11 | 61
[sis A | 7 59 — = 1) — ! 850 } 2222 | 68
[s14 B | '1>§ 49 S - ‘ 10¢ | 41 l 20 | 400 | 68

Methylene-blue 1——1——3 5——7 9 70 (N

[S]1 Merck ’ X AO

fS12 Ta x A o

[S]3 & ° o x

[S14 B ° - X o

Caramel " Q0 170 50 30- 7

Fig. 4.

(V) Concentration of acid.

In this experiment ‘“nara” (oak) wood was chosen as raw material,
from which prepared charcoal had a good adsorptive power. Hydrated
active charcoals were prepared under similar conditions to those above
described, but only the acid concentrations were varied to 60, 65, 70, 75
and 80 per cent. Five grams of oven-dried wood and 25 g of acid
were taken., The data of preparation are given in Table 10 and the
results of decolorizing test are shown in Table 11 and Fig. 5.

Table 10. Data on preparation of H-A charcoals from “nara”
wood with various concentration of sulphuric acid.

Sample C(())I;'c' a?t{,gr Evapo- | PH of Wv:/cétOf : Hield
No. I‘I{‘:S\O;; carbon. | ration %ﬁ prod. | Moist. | Wt. Ash
l72) (g) (22) (g) (22) (g) (22) (%)
[v] 1 60 13.1 56.33 3.6 10.6 73.63 2.80 55.90 0.29
[v] 2 65 16.5 46.70 38 122 75.41 3.00 60.00 0.30
[v] 8 70 195 35.00 3.8 133 76.68 3.10 62.03 0.25
[ivi 4 75 20.5 3L.67 3.2 152 79.55 3.11 62.17 030
[v] 5 80 18.1 39.67 3.8 12.8 76.55 3.00 60.03 0.46
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Table 11. and Fig. 5. Adsorptive power of H-A charcoals made
from “nara” wood with' various cone. of H:S0;.

Methylene-blue - Caramel
Sample Cone. N o ’ 0 Reading| De- X
No. 13 m¢ pH |15m¢~| pH |20 m¢—| pH of |colorization| pH
BN .Scale | (%)
V) 1 | 60 | No.1sl 29 |No.2 | 20 |No.—| — 240 | 4667 | 49
[iv] 2 65 | 29 ( D] 29 25| 29.] 135 70.00 5.2
[v] 3 70 2| 31 | 25 29 10¢| 29 | 190 57.78 5.1
] 4 75 | 33| 15 28 | =1 s 8333 | 5.0
v} 5 80 | 30 ‘ 3| 80 - — | 150 66.67 5.0
. 5 No.
*Iethylene-blue 11— 3——5 y7—9 70 &

(W] 1 60% H:SO,

‘40 /x‘
[v]2 65 aosl” ax

fwl3 170

© o
[¥]4 75 N x/
mis & A o

Caramel Q0 70 50 30

Fig. 5.

According to these results, the charcoals that were made with 65
and 75 per cent of sulphuric acid adsorbed well, and the adsorptive
power of the product treated with 70 per cent of sulphuric acid lay
between those of 65 and 75 per cent acids. Generally, good activities
were obtained with 656~75 per cent of sulphuric acid. It seems that
such results are due to the fact that the sulphuric acid of these con-
centrations has a hydrated form (H,SO,-H,0) which reacts well to the
raw material of wood. '

(VI) The influences of the length of carbonization time and the stir-
ring at room temperature in pre-treatment.

In order to test the influences of the heating time upon the activi-
ty of the charcoals, time periods were varied to 6, 8 and 10 hours on
each concentration of the acids of 65, 70 and 76 per cent respectively.
In this experiment the pre-treatment was done with stirring at room
temperature (ca. 11°) for an hour with and without heating, and the
other conditions were the same as those in preceding experiment (V).
The results dre recorded in Table 12.

The longer the time of heating for dehydration, the greater the
amount of losses by evaporation during carbonization (dehydration). But
the yield was decreased with the lengthening of the time of heating.
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Table 12.

Data on preparation of H-A charcoals: with various time of

heating and conc. of H-SO,, pre-treated with and without heating.

Cone. | Time | Wt. - | Wt. of Yield
Sample| ~of of after |Evapo- pllgsé)f wet - | Mois- | Ash
No. | H:S0; | heat. |carbon.| ration filtr, prod. ture Wt.
| () | (bn) &) (o) | 1 & | (% g (%) (%)
Vit L6 187 | 3167 | 42 142 | 7833 | 307 | 6137 | 020
[VI2] 65 8 146 | 51.33 41 | 112 | 7870 | 295 | 5891 0.19
[V]3 10 182 | 56.00 | 4.6 96 | 7011 | 287 | 5739 | 034
[Vid4! 6 182 | 3933 | 41 160 | 8134 | 299 : 5971 | 059
[vlis, 10 8 173 | 4233 | 47 127 | 7915 | 263 | 5296 | 034
[V16| 10 134 | 5533 | 41 99 | 7079 | 289 | 5784 | 025
(vy7! 6 | 215 | 2833 | 54 | 162 | s054 | 815 | 6305 | 020
visi| 1 8 199 | 3367 | 48 184 | 7820 | 292 | 5845 | 0.27
Ivl9 10 154 | 4867 | 47 105 | 7302 | 283 | 5666 | 024
V11X 70 | 8 ' 126 | 5800 | 48 | 80 | 6385 | 299 | 5084 | 054

* Pre-treated without heating (stirring at room temperature).

Also the higher the concentration of the acid, the smaller the amount
of losses by evaporation, with small yield at 70 per cent acid, and when

material was treated at room temperature in the pre-treatment,

The

losses by evaporation were much in amount and the moisture contents
of the product were low.
The results of decolorization tests are given in Table 13 and Fig. 6.

In the methylene blue test, the charcoals that were earbonized for
8 hours showed good activities in each concentration of acids especially

Table 13. and Fig. 6.
“nara” wood with various time of heating and concentration
of acid and pre-treated with and without heating.

Adsorptive power of H-A. charcoals made from

i i Methylene-blue Caramel

Sample CoHng.O of Ti]me of | 5 — Read De- %

2004 eat. eading A
15mg pH . colorization pH

No. (#) (he) of scale |™o))
[V] 1 6 No. 2 3.1 70 24.44 5.4
[V] 2 65 8 1 3.2 10.0‘ 77.78 5.2
iVl 38 10 3.5 3.2 21.0 53.33 5.1
[v] 4 6 2 3.3 5.0 88.89 5.0
[V] 5 70 8 1 3.2 5.0 88.89 5.1
[V] 6 10 6 3.2 12.0 73.33 5.1
Vi 7 6 35 3.2 5.0 88.89 ; 5.4
[Vl 8 75 8 3 32 95 7889 | 54
[Vl 9 16 7 32 125 7222 5.1
[V] 10% 70 8 6 32 % - 180 6000 | 51




No.
Methylene-bluem P} S S S Y, M— R P\

tvit 6 X .0

[Vi2 e5% {8 R

[vis - olf T X x
[v]4 6 .0 )
[vls 702208 || cl"”

[vie .- l10 \-"""'“-»0
[vi7 6 X o )
[VI8 52 {8 \x L4

Ny T
fvlg- 10 X =0
[VI0* 0% 8 X o
Caramer 90 70 50 30 %
Fig. 6.

65 and 70 per cent. In the caramel test the decolorizing properties
were lowered as the time of heating for carbonization was increased.
In this experiment the products (V) 4, (V)5 and (V) 7 showed very high
decolorizing power in the caramel test. However, the products which
were prepared with 70 per cent sulphuric acid and carbonized for 8
hours showed good results in both test. Therefore, these eonditions
seem to be optimum conditions to prepare the hydrated active char-
coals; but it also seems that the stirring at room temperature in the
pre-treatment exerted a bad influence upon the decolorizing preperties
of the products.

(VII) Carbonization at comparatively lower temperatures and increase
in the time of heating. :
The sample (“nara” wood sawdust) was treated at 120° the time of
carbonization was regulated at 8, 9, 10, 11 and 12 hours, and the other
conditions were just same as in the preceding experiment. Data of this
experiment are given in Table 14.

Table 14. Data on preparation of H-A charcoals from “nara” sawdust
carbonized at comparatively lower temperature and increasing time.

A T -

No. heat. |carbon.| ration ! fli?tsxt'; { prod. Moist. . Wt. Ash
S I T 7 S~ 7 N O (N N A
[vi] 1 8 234 | 2200 | 485 146 | 7943 | 300 | 60.06 | 037
[vi] 2 9 225 | 2500 | 48 145 | 7161 | 825 | 6493 | 0.21
[vi] 3 10 219 | 2700 | 46 158 | 8002 | 316 | 6314 | 027
i} 4 | 11 189 | 37.00 | 495 183 | 7698 | 306 | 6123 | 022
vil 5 | 12 214 | 2867 | 465 1382 | 7531 | 826 | 6518 | 041

* Pre-treatment with stirring at a room temperature.



The results of testing the decolorization power of these charcoals
are recorded in Table 15 and Fig. 7.

Table 15. and Fig. 7. Adsorptive power of H-A charcoals
made from “nara” sawdust carbonized at lower
temperature and incrzasing heating-time.

Sarnp] Til%‘le _,,,,k Methylene-blue \ Caramel
ample o Reading] De- X
No. heat. | 15mg O pH {order state of of |colorization| pH
(hr) | decolorization scale (%)
V] 1 8 | No.10( | 88 | 8 | considevably dark | 110 | 7556 | 56
[vi] 2 9 - 10¢ 3.3 4 |"a little dark 145 67.78 5.6
[iv] 3 10 10¢ 3.3 2 dark a little 9.0 80.00 5.5
[vi] 4 11 35| 383 1 most light 13.0 71.11 5.5
vi] 5 12 \ 10< 3.1 5 | most dark 16.0 6440 | 55
Methylene-blue 7> 7 2 5 e Q 70< No.
120°C-
Vi 8hr,
[vil1 r ><\ Q
[vi]2 9 X o)
vi13 10 x/ __________ o
il4 11 \x\e.—.-:.'.'.'.'.'_': ‘‘‘
mls 12 x Tl o
Caramel | -390 e 17) i 50 ) 30 7
Fig. 7.

In this experiment the decolorizing power in the caramel test of
these products was comparably good, but the decolorizing power in the
methylene blue test proved weak. It seems that 10 and 11 hours were
good for the carbonization, and increasing of time of heating may have
more and more adversely effected the activities of the produects, the
properties of the charcoals that were prepared with heating at 120°
were different from those which were prepared at 159°.

(VIII) Influence of extraction of the raw materials with aleohol-
benzene and experiments to compare the hydrated active
charcoal made from wood with that from mandarin orange
peel and butanol pulp.

The following raw materials were used, (1) mandarin orange peel, (2)
butanol pulp, (8) “nara” (oak) saw-dust which had been extracted pre-
viously with alcohol-benzene (1:1) for 8 hours in Soxurer’s extractor,
and (4) “nara” sawdust not extracted. Each 5 g of these materials (oven
dried) were added with 25¢g of 70 per cent sulphuric acid, and heated
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under stirring in an 80° water bath for an hour (one sampie of manda-
rin orange peel was treated for an additional 30 minutes). The ap-
pearances of these reaction mixtures were as follows:

During 7 minutes just after addition of acid: Sample (1) was dis-
solved almost into a solution, (2) was dissolved gradually and foamed at
beginning and colored red, (3) and (4) were almost dissolved but a small
insoluble portion remained.

- After 10 minutes: (1) became solution, (2) was dissolved completely
and foams were disappeared, (3) and (4) became somewhat cohesive.

After 20 minutes: (1) became merely cohesive, (2) had a liquid
state, (8) became considerably cohesive, (4) was more cohesive than (3).

After 45 minutes: (1) showed a slightly viscous state, (2) appeared
colloidal like a boiled starch solution, (8) and (4) became more cohesive,

After 50 minutes: (1) became jelly-like and had smooth and lustrous
surface, (2) became like a jelly but had rough and less lustrous surface,
(8) highly cohesive but not lustrous and had rough surface, (4) was more
" cohesive than (8).

After 1 hour: (1) became cohesive jelly-like, (2) appeared to have
rather much moisture, (8) became very cohesive, lumpish a little, and
(4) became highly cohesive, lumpish, and did not adhere to the bottom
of the beaker.

One of the samples (1) was treated for an additional 30 minutes more
in 80° water bath with continued stirring; after 70 minutes from the
first addition of acid it became viscous and lumpish a very little; after
" 80 minutes it was not varied from the last appearance.

Then each mixture was heated at 150° for 8 hours, and cooled in a
desiceator over calcium chloride and weighed.

In respect to the appearances of the charcoals after earbonization,
the charcoal made from mandarin orange peel that was pre-heated for
one and a half hours was porous and the most lustrous, and that which
was pre-heated for an hour was porous with small pores and less
lustrous than the former; the charcoal made from butanol pulp had many
small pores and was moderatly lustrous. The charcoals made from
“nara” sawdust appeared lumpish, but not lustrous and appeared like a
dried mud.

These carbonized substances were treated by ordinary procedure,
and following data were obtained as shown in Table 16.

The charcoal which was prepared from butanol pulp had a little
more of ash content and low yield.

The results of the test for the adsorptive power are shown in
Table 17 and Fig. 8.

For the charcoal made from mandarin orange peel, the Ilonger
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Table 16.. Data on preparation of H-A charcoals from
mandarin orange peel, butanol pulp, and extracted
and unextracted “nara” sawdust.

Wt. }pH of | Wt of . Yield

No. Raw material czf-%)il;x. IEZ&%%'% lﬁal?:t; ‘ ;‘;gg‘ Moist. | w4, Ash
) (&) (28) | e e | e | e | e
[Vi]- 1| Orange peel® 173 | 423 ‘ 48 110 | 7672 | 256 \ 51.22 | 0.8
[Vi] 2| Orange peel** | 196 | 34.67 |45 133 | 7982 | 268 i 53.68 | 0.37
fvil 8| Butanol pulp 202 | 3267 | 5.1 139 | 8245 | 244 | 4879 | 147
[ 4 |‘nara sawdust***, 183 | 39.00 | 5.1 128 | 7660 | 3.00 l 59.90 | 0.36
(i} 5 » Wi “ 158 | 4133 | 49 | 100 | 7342 | 266 | 5316 | 029

* Pre-heated for 1 hour.

*¥ Pre-heated for 1.5 hours.
***% Extracted with aleohol-benzene.
*%%% Unextracted.

Table 17. and Fig. 8. Adsorptive power of the H-A charcoals
from mandarin orange peel, butanol pulp, and
‘extracted and unextracted “nara” sawdust.

Sample Methylene-blue o Caramel o
Wood i Reading of! Decolor- x | :

No. 15mg O pH seale | ization(%) | PH
[W] 1 | mandarin orange peel (Lhr) | No.3 | 83 | 160 644 | 54

[vi] 2 » (1.5hr) 6 83 . 150 6667 | 55
[vi] 8 | Butanol pulp ' | 33 | 110 7556 | 53
[W] 4 | “nava” (Alcohol-Benzene) | 2 | 33 12,0 7333 | 54

. |
[vi] 5 » ; 3 | 383 17.0 62.22 ‘ 5.3
Methylene-blue : —1y 1 3 5. ” ) 9 70 ¢ No..

[Vi] 1 mandarin orange peel

7
[vel2 " o

[vi] 3 Butanol pulp [} X
(W14 “nara” (extracted) Qx
fwils  » ."o\x
Carael ——00 .’70 50 30 >,
(<]
Fig. 8.

pre-treatment had somewhat favorable influence on the adsorption of
methylene blue, but on the adsorption of caramel the influence was
somewhat unfavorable. The charcoal made from mandarin orange peel
was always not so excellent as that made from “nara” (oak) sawdust,
in this experiment (VII). The adsorptive power of both these charcoals
showed similar degree, however in the other experiments the charcoals
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made from “nara” sawdust were better than those from mandarin
orange peel in respect to the adsorptive power. The charcoal that was
made from butanol pulp decolorized well both methylene blue and
caramel, The influences an extraction of the raw materials with aleohol-
benzene on the activities of the products were not very remarkable,
however it seemed to exert some beneficial effect upon the activities.
The extraction of such components as essential oil and resinous matter
did not much influence the activity in the case of “nara” wood. But
it may be necessary to study further the cases of the wood which con-
tains much essential oil and resin.

Recovery of sulphuric acid.

The concentration of sulphuric acid that is used in the preparation
of the hydrated active charcoal is high. Following the dehydration and
carbonization reaction the acid is washed with boiling distilled water,
and the initial washing water contains a considerable amount of sul-
phuric acid which may be recovered. Therefore experiments on acid
recovery were made in the preparation of the hydrated active charcoal
with “nara” (oak) sawdust. .

Twenty grams of dried sawdust (passed through 17-mesh sieve) was
placed in a small beaker, added with 100g of 70 per cent sulphuric
acid, and stirred in a water bath at 80° for an hour. The mixture was
placed in a 150° drying oven for 8 hours. Then the reaction mixture

Table 18. Recovery of sulphuric acid.

__ Volume of gﬁshilng_u? Cone. of V%?é%htigf '7P§rcent:;ge* c:f reci)\?ry

No. ‘Each ﬁltrate! unslgrgtlve filtrate ﬁ_ltr;te pr:) ri?gn ’umslf]; ive
B (mg) ‘ (m¢) (N) @ i (22) (%)
1 80 80 5.3314 20.8990 29.86 29.86
2 208 288 2.3516 23.9670 34.24 64.10
3 267 555 0.9211 12.0508 17.22 81.32
4 175 730 0.6393 5.4818 7.83 89.15
5 186 916 0.2864 2.6102 3.73 92.88
6 197 1113 0.1209 1.1671 1.07 94.55
7 168 1281 ~ 0.0561 0.4620 0.66 95.21
8 178 1459 0.0255 0.2221 032 - 95.53
9 222 - 1681 0.0188 0.1285 0.18 95.71
10 338 2019 0.0053 0.0875 0.12 95.83

Total- ‘ . 2019 ' 67.0758 95.83

* Percentage of recovery was calculated on the basis of 70g sulphuric acid contained
in 100 g of 702 -H.SO,.
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Cumulative sum of Recovery (22)

Concentration of each filtrate (N

500 1000 1500 2000 Mk

was ground in a mortar, and washed with total ca. 2000 mZ of boiling
distilled water divided into ten portions. At one time approximately
200 mZ of boiling distilied water were added to ‘the charcoal in the
mortar, stirred and allowed to stand for a short time, then filtered under
suction. The filtrate was collected in a measuring cylinder and then
titrated with the standard sodium hydroxide solution. First to fourth
washing portions were titrated with 0.122 N-NaOH, and the other 6 por-
tions were titrated with 0.0122N-NaOH using a micro-burette. Each
portion was titrated three times and the mean values were taken, and
then from the average of those data percentages of recovery were caleu-
lated. The results are recorded in Table 18 and Fig. 9.

According to these data about 96 per cent of the sulphuric acid
may be recovered from the washing of about 2000 m¢Z portion with boil-
ing distilled water. However, the washing of 555~T730mf¢ recovered
about 81~89 per cent which was a suitable amount for practical applica-
tion.

Summary

In this report were recorded some solution on the preparation and
the adsorptive power of hydrated active charcoal (H~A charcoal) that
was made from wood by dehydration and carbonization with sulphuric
acid at low temperature.

(1) The hydrated active charcoals were made from the sawdust
of the wood of “todomatsu” (Fir, Abies Mayriana M. et K.), “yezomatsu”
(Spruce, Picea jezoensis Carr), “shina” (Basswood, T'ilia japonica Simx), and
“nara” (Oak, Quercus crispule Br.) which were most common and much
cut and stocked woods in Hokkaido. The decolorizing activity of those
charcoals was studied. Under the following conditions of preparation
the decolorizing properties of the charcoals are caused to differ by
species of wood from which they were derived.
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Oven dried sawdust samples were stirred with quintuple amount of
70 per cent sulphuric acid in 80° water bath for an hour and a half,
and heated at 150° for 8 hours, then ground in a mortar and washed
with boiling distilled water. The adsorptive power of these charcoals
was tested with 0.15 per cent methylene blue solution and caramel solu-
tion. The order of the adsorptive activity was “nara’”, “shina”, “yezo-
matsu” and “todomatsu”; therefore it may be said that hardwood is
superior to softwood for the preparation of hydrated active charcoal.

(2) In order to investigate the condition under which preparation
of the charcoals was made, a series of experiments was carried out on
various factors that seem to influence the activities of the products.
First, the quantity of acid was examined; it was found better to use
acid of the amount of 5 times the weight of the wood than to use 4
times the weight. The order of the adsorptive power of the charcoal
was also the same as found in previous experiment. Ash content of the
charcoals made from softwoods was ca. 0.1-0.2 per cent, that from “shina”
wood was ca. 0.65 per cent, and that from ‘nara” wood was- ca. 0.3 per
cent.

(8) To investigate the influences of decay of wood upon the ad-
sorptive power, charcoal was made from five rotted woods, namely, brown
rotted “hinoki” (Japanese cypress, Chamoecyparis obtusa S. et Z.), three
of white rotted “yezomatsu” at different stage of rot, and brown rotted
- “karamatsu” (Larch, Lariz Kaempferi Sarc). The yield of charcoal made
from brown rotted wood was high, because such wood has high content
of lignin. The charcoal made from “hinoki” decolorized methylene blue
very well but not caramel, while charcoal made from ‘“karamatsu” de-
colorized neither methylene blue nor caramel. In white rotted “yezo-
matsu”, the more the rot had advanced the more methylene blue was
decolorized, however, the less caramel was decolorized. The charcoal
that was made from brown rotted “karamatsu” had much ash content
because the wood itself had much ash content.

_(4) Four commercial active carbons (not hydrated active charcoal)
were compared under identical conditions. The decolorizing power of
these samples was rather inferior to that of the hydrated active char-
coals made from wood, except one sample.

(6) Various concentrations of sulphuric acid, such as 60, 65, 70, 75
and 80 per cent, were examined for their effect in the preparation of
“nara” H-A charcoal. The charcoals prepared with 65 :and 75 per cent
acid decolorized well, especially the former class in the methylene blue
-test and the latter class in caramel test. )

(6) The point of greatest activity was investigated as effected by
duration of carbonization process and various acid concentrations. The
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period of carbonization was varied from 6 to 8 to 10 hours for each acid
concentration of 65, 70 and 75 per cent. The charcoal prepared with 70
per cent sulphuric acid and 8 hours carbonization showed excellent ac-
tivity both in the methylene blue and in the caramel test.

(7) Stirring, in pre-treatment, at room temperature in stead of at
80° for 1 or 1.5 hours, influenced the activity adversely,

(8) Lowering the carbonization (dehydration) temperature to 120°,
and varying the time of heating between 8, 9, 10, 11 and 12 hours, the
maximum decolorizing power point for caramel test was found in char-
coal carbonized by 10 hour treatment. However, for methylene blue
test that carbonized by 11 hours of heating had a maximum activity.
It appeared probable that by making the heating time too long the de-
colorizing activity was deteriorated.

(9) Pre-treatment of raw materials by extraction with aleohol-
benzene mixture, appeared to exert some good influences upon the
products,

(10) Charcoal made from butanol pulp showed considerably good
activity, but the ash content should be noted.

(11) Charcoal made from mandarin orange peel had a better de-
colorizing power than that from ‘“nara” (oak) sawdust, however, it was
worse than that from extractive-free “nara” sawdust. _

(12) In the acid recovering experiment, about 96 per cent of acid
could be recovered by washing with hot water of about 20 times the
amount of the acid that was used.

From these results it is obviously possible to obtain the hydrated
active charcoal, which has an excellent decolorizing activity, from wood,
especially from hardwood, The optimum conditions for the preparation
are as follows: Dry sawdust is treated with 5 times quantity of 65—~
75 per cent sulphuric acid, and stirred at 80° for an hour, then this is
heated at 150° for 8 hours in an oven. After carbonization (dehydration)
is properly carried out, the product is washed well with boiling water
and stored in a sealed jar in moistened state.
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