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Fig .2 Spectra of the D,0 systemin the

adsorption process
[1] Evacuated at 500°Cfor 3h. [2]10.0,
[3719.9, [4]39.9ml ( stp)/g of H:0
vapor were readsorbed. Sample piece
thickness 10mg/cm®. Spectra were obtained
by rationing the observed spectra against
that of the LaY-D.QOsystem after 500°C

evacuation.

adsorption process.

[1] Evacuated at 500° C for 3h.

[2] 8.6, [3] 17. 2, [4] 34.4 ml (stp)
/g of D, O vapor were readsorbed. Sample
piece thickness 10mg/em’. Specira were
obtained by rationing the observed spectra
against that of the LaY-H.O system after
500 °C evacuation.
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Fig.3 Spectra in the OD stretching and
deformation regions of the HDO
system in the adsorption process.

[1] Evacuated at 500° C for 1h.

(2189, [3]17.8 [4] 26.7,

[5] 35.5, [6] 44.4 ml(stp)/g of the
vapor of H:0-D:0 7 to 1 mixed water
were readsorbed. Sample piece thickness
10 mg/cm®. Spectra were obtained by
rationing the observed spectra against that
of the sample after 500°C, 3h, evacuation.
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Fig.4 Specta of the D,0 system in the
desorption process.
Evacuated at [1] 90°Cfor 1.5h,

[2] 200° C for 1h, [3] 300°C for 45
min, [4] 500°C for 1h after exposure to
the D.O vapor. Sample thickness 10mg/cm?
Spectra were obtained by rationing the
observed spectra against that of the LLa Y-H,Q

system after 500°C evacuation.
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Fig. 5 Spectra in the OD stretching and

defomation regions of the HDO

system in the desorption process.
Evacuated at [ 1] room temperature for
15min, [27] 90°C for 15min, 3] 90°C
for 45min, [4] 120°Cfor 1h, [5] 165°
C for 30min, [6] 200°C for 1h,
[7] 300° C for 45min, [8] 500 Cfor
1h after exposure to the vapor of the H, O-
D,0 7 to 1 mixed water. Sample piece
thickness 10 mg/cm’. Spectra were obtained
by rationing the observed spectra against
that of the sample after 500° C, 3h,

evacuation.
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Infrared Studies on Water Adsorption Systems
with the Use of HDO.
V. La-Y Zeolite

Masao HINO and Yasuko HIRAMA

Infrared spectra of the adsorption systems of La-Y zeolite, one of trivalent cationic Y zeolite,
with H,Q, D,0 and HDO were measured in the adsorption and desorption processes. The results
showed that there were two types of adsorbed water analogous to those on the systems of other
types of Y zeolite. One of them which gives bands at 3700, 3450 and 1675cm-"', is of the asym-

1

metric type, Type 1. The other, giving bands at ca. 3400 and 1638 cm™',
mode, Type II. It was concluded that the present Type I water as well as that of on the Zn-Y
system was adsorbed on the vacant cation site Sm, while those of the Na type zeolites are adsorbed
on the similar site on which the cations are situated. Other bands at 3748, 3655, 3610 and 3535

is of the symmetric

cm~! were assigned to be arisen from the structural OH groups of the zeolite.
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I. Production of Powdered Activated Carbon

A series of basic experiments on the production of activated car-
bon from tropical woods including a wood waste was carried out using
fluidized bed reactors. The raw materials selected by NLIST, the coun
ter part institute, from the view point of utilization of unutilized
woods and wood wastes consist of 12 species of woods and a coconut's
waste (Coir-Dust). The production process employed includes (1)prep-
aration of samples, (2) carbonization of samples, and (3) activation
of the chars under an atmosphere of super heat steam. The screened
raw materials of particle size ranging from 0.25mm to 2,0mm were used
for the tests. The sample which was initialy fed into an inner heat
type reactor in which temperature was held at approximetely 420°C with
an electric heater began to evolve heat by the exothermic decomposi-
tion so that successively fed sample could be carbonized with the heat
without any other heat source. All of the chars were activated batch
wise in an external heat type reactor to know the characteristics of
the reaction and of the activated products. A comparative activation
test was carried out in an inner heat type reactor using a selected
char. The. adsorptive capacities of the activated products from both
reactors attained maximum values at the yield rate of approximetely
30% under temperature ranging from 800°C to 900°C. These values,
which are as high as commercialized carbons were as follows: internal
surface area, 1000-1500m®/g; methylene blue adsorptive wvalue, 270-370
mg M.B./g products; iodine adsorptive value, 1000-1200mg/g. It was
found from the results of the study that the fluidized bed process
showed the following advantages for the production of high quality ad-
osorbents from tropical woods: (1) The successful carbonization in
the inner heat type reactor indicates that considerable saving in en-
ergy consumption could be realized as with other external heat type
reactors. (2) The methylene blue adsorptive value for the different
particle sizes of the activated products are almost the same. This
indicates that the fluidized bed can produce more uniform products.
(3) The chars and the activated products were both obtained within 45

minutes using the respective fluidized bed reactors. Other existing
processes, rotary kiln for example, require at least several hours for
each products. Thus, the fluidized bed offers great advantages how-

ever, further research and development on a polwt scale should be done
for the practical application of the results.



Part

1.

Carbonization Step

Kazuhiko NIIKAWA, Hideo HOSODA

11 Raw Materials

The raw materials were selected by NIST and consist of 12 wood
species including coconut's waste (Coir-Dust) as listed in Table 1.

1 2 Analytical Procedure

The analytical methods employed were in accordance with the Japan
Industrial Standard (JIS) procedure or with slight modification there-

of.

1) Proximate analysis

Moisture and ash content, volatile combustible materials and
fix carbon in the raw materials, chars and activated carbon prod-

ucts were determined.

Table 1. Wood Species

Common names

Botanical names

Apitong
Mayapis
Tangile
Palosapis
Bagtikan
Yakal
Malabayabas
Kaatoan Baugkal
Bakauan
Ipil-Tpil
KaKauate

Coconut

Diptercocarpus grandiflorus Blanco
Shorea squamata (Turez) Dyer.
Shorea polysperma (Blanco) Merr.
Anisoptea thurifera (Blanco) Vid.
Parashorea plicate Brandis

Shorea astylosa Foxw.

Tristania decorticate Merr.
Anthocephalus chinensis Lamk
Rhizophara

Istsia bejuga (Coleber.) 0. Ktze.

Cocus hucitera



Sample Preparation

All raw materials were chipped, crushed and screened to obtain
small particle sizes ranging from 0.25mm to 2.0mm, the optimum parti-
cle size range for fluidizing bed. The screened samples were dried
in a drying oven at 105°C for 24 hours.

Carbonization Process

Carbonization of the dried samples was carried out in a continu-
ous fluidized bed reactor as shown in the schematic diagram in Figure
1.

The reactor, made of stainless steel with 155mm diameter and 750
mn in height has a screw feeder which can control feed velocity of the
sample automatically to keep constant temperature in the reactor and
an agitator at a rotation speed of 16 rpm. ‘

Air is fed into the reactor with a blower which can control feed
velocity automatically and flows up through a perforated plate with a
perforation ratio of 0.5% located just below the screw feeder. In
the beginning of the carbonization, suitable amount of sample was per-
viously fed into the reactor to make a fixed bed with a height nearly
double that of the bed's diameter and then is heated with an electric
heater fixed at the external surface of the reactor. When the tem-
perature of the bed rises to nearly 400°C, sample begins to decompose
and reacts rapidly with oxygen in the air to produce heat enough to
carbonize the sample without any other heat source, so carbonization
proceeds continuously at an almost constant temperature by varying
feed rate of sample.

Table 2. Proximate Analysis of Wood Materials

Sample . Moisture = Ash VCM FC
Spicies (wt.%) C (wt.%) (wt.%) (wt.%)
Malabayabas 11.16 0.41 77.72 10.72
Kakauate ‘ 10.72 0.87 75.92 12.49
Bakauan 10.66 1.12 74.30 13.92
Coir-Dust 15.93 6.44 53.97 23.66
Ipil-ipil 21.07 ~ 0.28 71.18 7.47
Mayapis - 12.48 0,03 80.10 - 7.39
K. Bangkal ' 11.68 0.76 77.18 10.37
Apitong ‘ 7.41 - .3.69 23.94 66.96
Kakauate 6.88 6.08 20.45 66.59
Palosapis 7.28 3.87 18.75 70.10
Tangile 9.42 1.46 24.90 64.22
VCM : Volatile Combustible Matter FC : Fixed Carbon



EXPERIMENTAL RESULTS AND DISCUSSION

1¢5 Characteristics of Raw Materials

Table 2 shows the result of proximate analysis of the prepared
raw materials. Most of the samples showed common characteristics as
in other wooden materials; low ash and fixed carbon comtents and high
volatile matter and moisture contents.,
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Fig. 1. Inner Heat type Continuous flow Reactor
for Carbonization




Change in sample weight with increase in temperature was measured
using a thermal balance and a typical curve plotting the value of de-
rivative of weight [w] with respect to temperature [t] is showm in
Figure 2:1— 2-9,

- Area of sharp curve divided by the temperature range from nearly
200°C to 400°C corresponds to the amount of the volatile matter which
consists mainly of primary tars reacting with oxygen rapidly to pro-
duce heat. Therefore, it is considered that optimum carbonization
temperature is in the range of slightly beyond the highest peak when
an inner heat type reactor is.employed.

According with the weight decrease curves, carbonization temper-
ature was established to be between 420°C and 430°C for all the chars,
which could be carbomized successfully in the continuous fluidized bed
reactor as shown in Table 3. The yield rate of chars was in the ran-
ge from 10Z to 20% except for Coir-Dust, (30X).

S

20 418

A W/AT(ng. min~1

A W(mg)

10

¢ 100 200 300 400 ¢ S00 700 00
T(C®)

Fig. 21 Typical curve of Thermo Gravimetry
for the Raw Materials.
Solid line is plot of slope of dotted line.
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Table 3. Yield Rate and Bulk Density of Carbonized Woods
under Various Carbomization Condition.

Sampla Tb To T E Y 8 Bd

Species (*C) (cm/sec) (kg/hr) (kg/br) (9] (min) (g/cc)
Palosapis 430 14 17.8 1.86 10.4 12 0.08
Tangile 430 5 4,36 0.62 34,2 16 0.01
Apitong 430 6 7.7 0.68 27.8 26 Q.12
Kakauate 430 8 12.13 1.48 25.0 18 0.17
Malabayabas 430 8 10.8 1.50 20.9 26 0.12
Bakauan 430 8 10.8 1.50 14.0 25 .12
Coir=Dust 420 6 5.2 1.70 35.6 7 9.07
Ipil-ipil 430 - - - 25.9 - 0.18
Mayapis 430 - - - 23.3 - 0.15
K. Bangkal 430 - - - 10.0 -  0.11

Nomenclature

Tb : Temperature of carbonization.

Uo : Average gas velocity based on empty bed.

: Feed flow rate of sample.

E : Weight of discharge.

: Yield rate of char.

8 : Reaction time.
Bd : Bulk densirty,



Table 4 shows results of proximate analysis of the chars: all the
chars have low volatile matter content, higher ash and fixed carbon
compared with that of the raw materials.

In the previous work, we found an experimental rule that feed
ratio of raw material and air was constant at constant temperature
in the inner heat type reactor as shown in Fig, 3. According to
this, the carbonization temperatuer could be kept at almost constant
by adjusting the feed rate of raw material under constant flow rate
of air fed.

‘Table 4. Proximate Analysis of Chars

‘ Moistuer Ash VCM FC

Sample

Species (wt.%2) (wt.%) wt.%) (wt. %)
Ipil-ipil 2,26 3.78 17.16 76.78
Mayapis 1.18 1.56 16.01 81.25
K. Bangkal 1.07 6.6 19.18 73.15
Coir-Dust

Tb. 420°C 6.6 9.6 31.0 52.8
Malabayabas

Tb. 420°C 7.3 3.7 14.9 74.1

Tb. 430°C 5.0 2.4 10.2 82.4
Bakauan

Tb. 430°C 2.2 5.1 20.3 72.4
Kakauate

Th. 430°C 3.3 3.8 14.4 78.5
Apitong 7.41 3.69 23.94
Palosapis 7.28 6.08 18.75
Tangile 9.42 1.46 24.90

VCM : Volatile Matter
FC : Fexed carbon



It was proved from the results that carbonization by fluidized
bed method had the following advantages compared with other existent
method:

1) Consumption of heat enmergy can be minimized by utilization of
heat produced by the reaction between raw material and oxygen
in feed air.

2) Temperature of the fluidizing bed can be controlled more easi-
ly and more steadily.
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Fig, 3. Correlation between flow rate of

feed sample(Fo) and feed air(G,).




Part 2. Activation Step

K.Ishibashi, Y.Noda

Apparatus

The reactor employed is called extermal heat type
batch reactor of which schmatic diagram is showen in°
Fig 1

Analytical procedure
1) Methylene blue value [MB]

The methylene blue value was measured by spectr-
pohtometry: 0.2g of sample was placed in a glass flask
and 50ml of standard methylene blue apueocus solution
was added. The operation is repeated until the blue
color of the solution persists., The concentration of
the remaining methylene blue was measured.

The methylene blue balue 1s expressed as mg of
methylene blue per gram of sample.

2) Iodine value [I]

Iodine value was determined by volumetric titra-
tion with Na.5;0, solution. Iodime solution was prep-
ared by dissolving 12.7g of I, and KI into 1 liter of
biffer solution and was standardized against 0.1N
Na;$;05 solution.

The value is expressed as mg I: per g AC.

3) Intermal surface area [S]

Internal surface area of activated carbon was me-
asured by BET method, expressed as m?/g.

4) Pore distribution analysis:
Pore distribution in unit weight of activated
chars were agalyzed (1) terms of the range of pore's

radii from 5A to 100A, calculated by C.I. method from
isothermal adsorption curve of liquid nitrogen.



Experimental Procedure

The obtained chars were activated im a batch type
fluidized bed reactor under the atmosphere of super
heated steam,. ‘

SL__L—i——»
6

: ” U=
7 & [ 9 -

1. Thermocouple 6. Temperature controller
2. Sample inlet /. Electric transformer
3. Electric furnace 8. Manometer

4, Vessel 9. Superheater

5. Temperature indicator 10. Boiler

Fig. 1 Schematic Diagram of Activation Apparatus with
Batchwise Ftuidized Bed.

A 100ml portion of char was taken for every experinental run.
The reactor was heated up to operating temperature and nitrogen was

brown inte it before charging of char.
Nitrogen was switched to steam immediately after charging so that
activation could be proceeded in the atmosphere of complete steam,
The activated carbon products were taken out at various reaction
time to examine yields and adsorptive capacities.



Results and Discussion

The chars decreased in weight as time proceeded with
respective velocity which followed first order kintics: _a
semi-logarithmic plotting of weight decrease ratio 613;19
against reaction time [8] gave a linear curve as shown in
Figure 2, so that the velocity could be formulated as;

oY po ke - - = (1)

Yo
Where yo : initial weight‘of char
y ¢ remaining weight of char ar reaction time [6]
'k : apparent rate constant
A : comnstant

The weight loss velocity is roughly inversely proport-
ional to the formation vaquity‘of the activated products,
therefore, it can be said that chars having higher value of

K are activated faster than that of lower wvalue.
1.0 ,

Q= Ipil-Ipil
= Cair-Dust

- 3!'0,_}!
Yo

0.2

- 1 1
0 20 40 60 80 100 120

8 (min)

Activation Temperature ) 24 850°C
@ 900°C
Fig. 2 Weight decreasing velocity of chars during
activation reaction.



o
Table 1] shows values of K obtained at 850 C and bulk
density of respective chars. The value of the chars having
relatively high bulk density was approximetely a half less
than that of lower bulk density.

It 1is considered from'therresults that the 30 called
soft woods are activated in relatively short time but with
low yield rate, while hard woods take longer to activate

but yield rate are higher.

In order to evaluate the,activated products, methylene
blue value [MB], iodine value [I], internal surface area (s],
and pore distribution were measured,

Tablte 1. Apparent Rate Constant, K, of the Char

Ipil-TIpil | 19.57 x 10" min”* 0.18
Mayapis 19.32 x 10" min~ 0.16
Kakauate 16.55 x 10 ° min * 0.17
Kaataoan Bangkal 42.99 x 10" ° min 0.11
Bakauan 34.85 x 107 min~" 012
Coir-Dust 54.76 x 10" min ' 0.07
Tangile 67.64 x 107 min 0.01
Malabayabas 29.48 x 107" min ® 0.12
Apitong 41.07 x 10" min™ " 0.12
Coconut shell 15.97 x 10" min

Activation temperature : 850°C

Bd : Bulk density




Figure 3 shows the curve plotting [MB] of Ipil- Ipil
and Coir-Dust under activation temperatures of 850°C and
900°C, against time [@8]. The other activated products also
showed curves similar to Ipil-Ipil or Coir-Dust: [MB] incre-
ased up to their maximum value, then decreased slowly as
time proceeded.

The activation time required to reach maximum([MB],
which varied with the species, was from 15 minutes to 60
minutes: Coir-Dust and other three species such as poldsapis
Kaatcan~-Bangkal, and Tangile were within 15-25 minutes,
while Ipil-Ipil and other 6 species were 45-60 minuteés.
However, the yield rate of the activated products having
maximum [MB] value was approximetely 30% regardless of the
species.

- [8] also showed similar relation to [MB] as in Figure 4.
It was found from the results that all activated products pr-
oduced at the yield rate of 307 had high adsorptive capacity,
almost equivalent to commercialized activated carbons.

400 | f

200

O Ipil-ipil
A COIR-DUST

Activation temperature
8s50°C

MB(mg/g)

100

L L
S0 100

8 (min)

MB : Methylene Blue Vaive

. 8 : Activation time
Fig. 3. Effect of activation time on methylene

blue value of the activated products.
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Fig. 4. Effect of activation time on internal surface
area of activated products.

Figure 5 shows correlations between [MB] and [S], [I]
and [S]: both [MB] and [I] are proportiomnal to [S] but
their linear curves have different gradient and intercept-
ing point on horizontal axe.

The proportion coefficients obtained are 0.43 for [MB],
1l for {I], and the intercepting points are at 500m2? for [MB],
adlmost zero m2 for [I] respectively.

It is assumed that moleculgr size of methylene blue
and iodine are approximetely 1l4A and 114 respectively, so
that methylene blue molecule can not pass through pore of
less than 14A in diameter where iodine molecule can pass,
therefore, the difference of the intercepting points bet-
ween the linear curves of [MB] and [I] are caused by those
pores.

Figure 6 shows a typical pore distribution curve of
the activated products: the pore § volume observed arg
mainly distributed in the pore's radii ranging from 8A to
10A therefore, the activated products seem to have ability
for adscrption of small molecules like gases.

From the results presented here, following conclusion is obtained:
activated carbons produced from the tropical plants tested with steam
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activation in the fluidizcd bed reactor commonly have characteristics of
(1) high adsorptive abilities equal to commercialized carbons.
(2) rich in micro pores having below 10& in radius. (3) low ash contents.
Therefore, the activation carbons would be able to be applied for gas
adsorbents and mediciaments.

-Fnrther work should be carried out in this area.



PRODUCTION OF HIGH QUALITY ADSORBENTS FROM TROPICAL
PLANTS: II. Production of Granulated Activated Carbon

Part 1. Granulation of chars using molasses as binder.
by
K. Ishibashi. Y. Noda.

K. .Niikawa. H. Hosoda.

From a total of 12 Philippine wood species, two were selected for
the production of good quality granulated activated carbon, namely ipil-

ipil and coconut coir dust. Fluidization method was used in the study.
The conditions for the granulation of the carbonized chars using molas-
ses as binder was studied. An optimum ratio of 1:0.5 and 1:0.8 (char:
binder) was used in the granulation process for ipil-ipil and coir dust
respectively. The carbonization was done at a gradually increasing tem—
perature of 3°C/min at 600°C. Carbonized granules with particle size
ranging from 0.5 - 2.0 mm were used for the activation study. The pro-
duced granules were activated using an external heat type stainless
steel reactor according to the procedure discussed in the previous re-
port. Steam was used as the activating agent at the rate of 2.5 mlH,0
per minute at an activation temperature of 850°C and 900°C, respectivdyx
Maximum value for methylene blue adsorption and intermal surface area
obtained for ipil-ipil are 290 mg/gAC and 1200 m“/gAC at 900°C; for
coir dust, 390 mg/gAC and 1000 m2/gAC at 850°C. The gas adsorption test
done for both ipil-ipil and coir dust showed that both exhibited maxi-
mum adsorbability at 900°C. Maximum value of 40-50% (by wt.) was ob-
served for both benzene and acetone; while 70-90 % (by wt.) was obtained
for carbon tetrachloride. Results of the study indicated that the
activated granular char products obtained from both ipil-ipil and coir
dust would possibly be suited for adsorption of organic solvents, gas
adsorption processes and water treatment, among others.



INTRODUCTION

The Philippines is one of the countries endowed with rich natural
resources. Its tropical forests have been acclaimed as one of the most
valuable in the world. Its wood industry is a big dollar earner. During
the logging operation, forest residues and wastes are unavoidable, sud
that for every 100 cu. m. of log harvested, approximately 51 cu. m. are
formed. Wood materials are valued as potential sources of quality acti-
vated carbon.

A total of 12 Philippine wood species including coconut waste
(coir dust) were studied to determine their potentiality as sources of
activated carbon. This paper presents the results of the study on the
granulation of powdered charcoals from two of the most promising ones,
namely ipil-ipil and coir dust, for the production of good quality
activated char. granules using molasses as binder. - :

‘ Granular activated carbons are generally ‘used for adsorption of
gasesIAnd‘vapors whileupowder activated carbons are used in the purifi-
cation of liquids. There is an increasing trend in the application. of
granulated activated carbon for liquid phase adsorption process (among
which are in water purification and in the sugar and oil refining indus-
tries) because it is easy to handle and can be regenerated for reuse.

Wood teliﬁlosic sources. particularly woods, yield low density
products when carbonized and activated. To convert such products into
mechanically strong dense carbons, granulation .using a binder was
employed. '

This study is in consonance with our desire to expand the applica-
tion of granulated activated carbons from woods and wood wastes for
such purposes as water purification, vapor and gas adsorption in addi-
tion to finding use for molasses which is a by-product of many sugar
refining industries in the Philippines. .Its immediate objective is to
determine the optimum conditions for the production of granulated acti-
vated carbon from wood materials and the realization of high product
yield using the fluidized bed method. ‘

EXPERIMENTAL PROCEDURE

Raw Materials and Sample Preparation

Two of the most promising wood sources were selected in the study

namely: Ipil-ipil - the wood samples were procured from NSDB compound in
Bicutan, Metro Manila, Philippines. Size reduction of sun dried wood



chips to 0.2 - 2.0 mm was done using a crushing machine.

Coir dust - this comprises 65% of the husk. It was procured
from Coirflex Decorticator Co., San Pablo City, Philippines. The sample
was allowed to pass through a mechanical shaker to separate pure coir
dust with an average particle size of 0.56 mm. Moisture content was re-
duced from 70% to 18% by sun drying. ‘

The prepared samples were carbonized at 430°C using a fluidized bed
reactor as discussed in the previous paper. Table 1 shows the results
of the proximate analysis and physical properties of the above raw mate-
rials and products.

Table 1. Proximate Analysis and Phyi¢al Prqpefties of Raw Materials

and Chars
M Ash VCM "FC S By, D5
Sample 9 2
. Wt.7z2)  (Wt.Z) (Wt.7) Wt.%Z) (m*/g) (g/cc) (mm)
Ipil-ipil Wood 11.67  1.10 74.18 13.04 -  0.17 0.25-2.0
Ipil-ipil Char 7.75 4,30 15.98 71.94 12 0.28 -200mesh
Coir dust 19.14 3.50 68.40 8.90 - 0.08 0.25-2.0
Coir dust Char 9.07 8.60 18.54 63.76 5 0.17 -200mesh
Where: M = moisture - By = bulk density
VCM = volatile combustible matter Dp,= particle size
FC = fixed carbon S = Internal surface area

Methods of Analysis

Most of the methods employed were in accordance with the Japan
Industrial Standard (JIS) procedure or with slight modification there
of as mentioned in the previous paper.

Proximate analysis and physical properties of the raw materials,
charcoals and activated carbons were determined.

Adsorptive Properties - methylene blue test was done on the activa-
ted granulated products.

Production of High Quality Adsorbents from Tropical Plants, Part I
(ITIT Symposium 1980).




Granulation Process

‘'The various stages iInvolved in the granulation process are shown
in Fig. 1. The charcoals were each pulverized to 200 mesh under(Tyler).
Molasses Obtained from a Philippine sugar refining company) was used
at a ratio of 1:0.5 and 1:0.8 for ipil-ipil and coir dust, respectively.

Molasses diluted with water to 50% was mixed with the pulverized
charcoal. The mixture was passed through an extruder and the extru-
dates (1 mm@) were subsequently passed through a disk type pelletizer
at 450 rpm. The granules obtained were dried at 110°C for 5 hours, the
granules (0.5 -2.0 mm) were then carbonized in a covered stainless stel
box using a muffle furnace at a heating rate of 3°C/min. until the tem-
perature of 600°C was attained.

Data obtained on the granulation of ipil-ipil and coir dust chars
including the yield and density are shown in Table 2. The thermal ba-
lance analysis of the molasses obtained from the Philippines* and
Japan** were determined and compared as shown in Fig. 2.

JTable 2, Dataon the Granulation of Powdered Char at Optimum Conditions.

Sample Coir dust Ipil-ipil
Ratio (Char:Binder) 1:0.8 1:0.5
Bulk Density of Char (g/cc) 0.17 0.28
Weight of Char (g) 200 300
Weight of Molasses (g) 160 150
Z Dilution 50 50
Weight of Water (g) 80 - 75
% Yield (Carbonized granules) 75 73
Bulk Density of Granules (g/cc) 0.51 ' 0.56

Activation Process

The granulated chars produced from ipil-ipil and coir dust were
each subsequently activated using anetterndlleat type activating apparatus.

It consists of a stainless steel reactor (2 in. §) equipped with an ex-
ternal heater. Steam (2.5 ml Ho0/min) was allowed to pass through a

high temperature oil bath to generate steam which was subsequently
¢harged at the lower part of the reactor, then through the bed of char-

Analysis of Molasses: * Total solids, 64.6%; sugar content, 18.6%;
ash, 5.0%
** Total solids, 86%; sugar content, 16.3%;
ash, 7.237%.



coal at the desired temperature and reaction time.

Activation of the granulated chars were done at 850°C and 900°C,
respectively with varying reaction time from 10 to 60 minutes.

Determination and Evaluation of Adsorptive Properties
of Activated Carbon

The bulk density, internal surface area and pore destribution of
the activated carbon products obtained at various reaction time were
measured by the respective methods described in the previous report.,

The adsorptive capacity of the obtained products were evaluated
by methylene blue adsorption [MB] test as discussed in the previous
report,

RESULTS AND DISCUSSION

Effect of activation time on product yield

Correlation of the yield of activated char granules with activation
time shows that there was significapt loss in weight of product as ac-
tivation time proceeded. More pronounced decrease in yield was noted
with increasing temperature as shown in Fig. 3. Higher weight loss
which resulted to lower yield was observed in coir dust as compared to
that of ipil-ipil.

In the activation process, the reaction rate of charcoal with steam
in terms of weight loss was calculated as discussed in the previous re-
port. The value of k (apparent constant) for coir dust was twice the
k obtained for ipil-ipil as shown below:

Activation Temp. k
t (°C) Coir dust Ipil-ipil
850 57.5x10"3 min t 29.48x10 Smin
900 92.0x10™> min™t 35.93x10 Jmin "t

The above data show that coir dust can be activated faster than
ipil-ipil, thus the former required shorter:time for activation.

Correlation of Methylene blue [MB] Adsorptive Capacity and Internal
Surface Area [S] with Reaction Time (§)

Figures 4 & 5 show the correlation of reaction time with [MB] and
[S] respectively. A gradual increase in [MB] adsorbability was noted
with increasing reaction time. For coir dust, activation was more effec-
tive at lower temperature. Maximum value of 390 mg/g AC was obtained at
850°C and 30 minutes. Beyond this point, [MB] value tended to decrease.
For ipil-ipil, longer reaction time (60 min.) was needed to attain the
maximum value of 300 mg/g AC at 850°C.



The results of the internal surface area [S] determination also
gave the same increasing trend of results with reaction time until a
saturation point was reached. Beyond this point, an abrupt decrease
in the surface area was noted. Development of internal surface area
for ipil-ipil was more effective at higher temperature. Thus higher
[S] of 1,200 m®*/g AC was obtained at 900°C for ipil-ipil while 1,000
m*/g AC at 850°C was obtained for coir dust.

Correlation of [MB] Value and [S]

Fig. 6 indicates that the [MB] value is directly proportional to
the [S] for both coir dust and ipil-ipil. [Linear lines with the same
slopes which indicate good inference was obtained. At [MB] = 0, the
intercept gave values of 380m*/g AC and 450 m®/g AC. From the slope,
the area occupied by individual molecule on the activated products was
determined at a value of 15042 for both samples. An accessible area
of 19242 was obtained for Graphon (a non porous carbon)?,. This nearly
similar values is an indication that adsorption of MB on the obtained
products is physical adsorption.

Correlation Between Bulk Density and Reaction Time

Finally, the bulk density of each of the activated products ob-
tained with particle sizes ranging between 0.5 - 2.0 mm were compared
with the commercial activated carbon of the same particle size range.
Comparative results as shown in Fig. 7 indicates that the bulk den-
sity of the activated granular char products compare favorably or is
even higher than that of the commercial product.
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Part 2.

Adsorption of organic Solvents in gas phase on the
granulated activated carbon.

Y. Noda, K.Ishibashi

This paper describes experiment about adsorption of
some organic solvents in gas phase on the granulated activ-
ated carbon prepared by the method described in previous
paper.

Experimental procedure

Determination of gas idsorbability was done according
to the procedure of Hirata™ as follows: weighed quantity of
sample (0.2g) is placed in one vessel and the solvent (2ml)
1is placed in the other vessel. The two glass vessels are
joined together to make a closed system. It is then placed
at controlled temperature in an air-bath oven for one week
each at 15°, 20°, 25° and 30°C. The quantity of the solv-
ent adsorbed is calculated from the increase in weight of
the char granules.

The organic solvents used are as follows: Benzene,
Acetone, and Carbon tetrachoride were used for the test.

Experimental results and discussion

Table 1 shows the data on the gas adsorption test that
was done on the activated carbon products using three gases
namely CsHs, CCl, and CH,COCH, at temperature of 15°,20°,25°
and 30°C, respectively.

At 25°C, correlation of each of the gases adsorbed by
the activated carbon products obtained at 850°C and 900°C
in terms of weight Z and reaction time are shown in Figures
1,2 and 3.

Comparing the adsorptive capacity of the activated
granule char products for each gram mole of gas adsorbed at
25°C, Ipil-Ipil was 1.1-1.2 times more adsorptive than coir
dust for acetone, 1.1-1.6 times and 1.6 times more adsor-
ptive, respectively, for CCl, and CeHe.



Table 1. Data on the Gas Adsorptive Capacity of products
Obtained at Varying Temperature Using Various

Solvents

Sample C6H6(g/gAC) CCl, (g/gAC) CH3COCH3(g/gAC)
15°C 25°C 30°C 15°C 25°C 30°C 15°C 25°C 3p°C
I-850-30 0.30 0.35 0.35 0.61 0.65 0.71 0.34 0.34 0.34
I-850-45 0.29 0.37 0.38 0.66 0.70 0.71 0.34 0.37 0.37
I-850-60 0.33 0.43 0.44 0.75 0.82 0.82 0.43 0.45 0.45
I-900-20 0.23 0.24 0.24 0.39 0.42 0.43 0.24 0.26 0.27
I-900-35 0.30 0.43 0.45 0.75 0.89 0.89 0.44 0.48 0.48
I-900-40 0.32 0.42 . 0.43 0.72 0.81 0.81 0.41 0.43 0.44
Cb-850-10 0.26 0.27 0.28 0.40 0.43 0.41 0.29 0.30 0.27
CD-850-15 0.31 0.32 0. 30 0.51 0.61 0.54 0.37 0.34 0.32
Cn-850-20 0.35 0.38 0. 34 0.57 0.71 0.67 0.42 0.38 0.36
CD-850-30 0.38 0.43 0.37 0.69 0.79 0.71 0.43 0.39 0.40
CD-850-40 0.11 0.11 0.28 0.11 0.44 0.22 0.27 0.21 0.22
CD-900- 5 0.22 0.21 0.34 0.24 0.52 0.55 0.25 0.26 0.22
CD-900-10 0.30 0.21 0. 34 0.31 0.60 0.54 0.30 0.34 0.27
CD-500-20 0.38 0.42 0. 37 0.37 0.79 0.77 0.46 0.42 0.39

Commercial

AC C.41 0.42 0.44 0.85 0.85 0.78 - - -
where: I = ipil-ipil CD = coir dust

Correlation Between Gas Adsorbed and Intermnal Surface Area

As noted on Figures 4,5 and 6 for Ipil-Ipil and coir
dust, %Z gas adsorbed was found to be directly proportiomnal
to the surface area. The linear lines obtained passed thro-
ugh the zero point in the axes. From the slope obtained,
one molecular area (Az) as calculated revealed that Ipil-
Ipil and coir dust exhibited almost the same adsorbability
value as follows:

Solvent
sample CaHs CClg. CHgCOCHg
° ° o
(A?%) (A%) (A2)
Ipil-TIpil 55.0 30 138

Coir Dust 65 30 131




Correlation between Pore Distribution and Pore Volume

Plotting the derivative of volume with respect to pore
radius as shown on Fig. 7, the pore size distribution of
the activated products from Ipil-Ipil and coir dust ranges
between 58 and 154. The ability of activated carbon to
adsorb takes place within the pore size distribution.
usually ranging between 54 and 304 (micropore). Results
obtained show that the pore size distribution is within
the range of the active pore sites of activated carbonmn.

Based on the results of the study, activated granule
chars obtained from Ipil-Ipil and coir dust find suitable
application for the adsorption of organic solvents; for
gas adsorption processes and for water treatment, among
others. '
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III Steam activation of chars by the use of an inner heat
type fluidized bed reactor.

by
Hideo Hosoda, Kazuhiko Niikawa,
Katsuji Ishibasi, Yoshio Noda

In the previour works, as described in part I and 2 in this report,
we obtained basic data and parameters about production of activated carbon
from tropical plants using an external heat type batch reactor.

It is known, however, that the reactor is not beneficial for practical
use because of it's high energy consumption.

The present work was done to evaluate activation of chars using an inner
heat type fluidized bed reactor to explore practical process for the pro-
duction of activated carbon from tropical plants.

Experimental
Sample preparation

IPTIL-IPIL and Coir-Dust were selcted as raw materials, and were carbonized
using the procedures described before. The powder and the granulated chars
prepared by the previous method were used as sample.

Apparatus

A flow sheet of the inner heat type fluidized bed reactor is shown in
Fig.1.

The reactor, 160cm long, made of stain-less steel was shaped as seen in
the figure: upper part was step wise expanded by two different sizes of diameter
so that the small particles of sample could be retained longer in the reactor.

Sample was fed into the reactor by a screw feeder fixed at just above level
of a perforated plate. The activated carbon products were taken out from a take
off pipe by opening a valve fixed at it's inlet located at the opposite side
of the screw feeder.

A propane gas burner connected with an air pipe was located at just below
the perforated plate. Steam was fed into the bottom side of the reactor from
a water boiler through a steam heater with which steam was heated to 650°C.

The feed rates of the fuel gas, air and steam were measured by gas flow meters,
weighing loss of water in the boiler respectively. Temperatures in the reactor
were measured, recorded by thermometers located at six point of it.

The exhausted gas possed through a dust collector box was led into a con-
dender in which steam was condensed and removed, then purged from an outlet of
the water collector box.

Analytical procedure

Gas analysis was done in terms of 02, COz, CO, Hz, and CH+, in the ex-
hasted gas by gas chromatography.

The methelene blue adsorptive valve, iodine number, internal surface areas
and pored distribution of the activated carbon products were measured by the
methods described in previous paper.



Experimental procedure

All experiments were carried out by batch method.

The amount of sample taken for each experimental test were 100grs. for
powders, 200grs. for granules respectively. Table 1 shows proximate analysis
of samples used.

The reactor was heated previously up to 900°C in it's temperature under
a certain feed rates of gases before sample feeding. The feed rates of fuel
gas, alr and steam are listed in table 2.

The activated carbon products were taken out at various reaction time
and. calculation of the yields expressed as percent weight of chars fed, ad—
sorptlve ablllty tests were performed

Resrlts and discussion

Fig.2 shows temperature change at the center of the fluidized bed about
200mm above the burner nozzle during activation reaction; the temperature
droped rapidly from 900°C to near 800°C immediately after sample feeding,
then went down slowly to it's minimum point, 720°C for powders, 760°C for
granules, and then raised up as time procceded.

The yields of carbon decreased with procceding of the time as shown in
Fig.2 expressed the relation between them as inverse proportional,

The activation of granules completed in relatively short time than that
of powders: yields of the former became almost zero percent within 20 minutes,
while the latter 40 minutes. ,

The difference may be caused by the following reason. The bulk density
of the granules is about 4 times larger than that of the powders as seen in
Table 1 besides sharp factor of the latter is considered to be smaller than
the former, therefore the incipient fluidization velocity (Umf) of the former
become larger than the latter as listed in below:

Unf (cm/sec)l
JPIL-IPIL P 7.5
Coir-Dust. ‘ 2.5

G 18
15

This indicates that the granules are fluidized in the reactor at rela-
tively lower part in which temperature is higher than the upper part where
the powders tend to be fluidized, so that the activation reaction of the
former can be promoted than the latter.

The adsorptive capacities of the activated carbon products such as
methylene blue value and internal surface areas varied with activation time
as seen in Fig. 4 and 5 . :

Both values increased to their maximum then decreased with proceeding
of time.

The yields of the products having the maximum values were between 10 to
20 percent regardless of the form of samples.

Those maximum values and the yields are listed in Table 3 compared with
the results obtained with the external heat type reactor.

The fact that the adsorptive capacities of the carbons produced from the

inner heat reactor are not so inferior to those from the outer heat reactor,
even though the activation time was short and that the temperature is lower,
is noticed. This may be difficult to rationalize, however it is assumed that
some gases in atomosphere in the inner heat reactor such as oxygen, COz2, and
others seen in Table 2 contribute to the activation reaction of which main
activating gas is steam, on the other hands, only steam is used in outer heat

reactor.



The adsorptive capacities such as methylene blue value or iodine number
were roughly proportional to the surface area as seen in Fig. 6, more over,
shape of the linear curves, either the gradient or the intercepting point
on the horizontal axis, was similar to the result from the outer heat type
reactor. Pore destribution in the carbons was also similar.

Fig. 7 shows pores destribution curves of granulated carbons from coir-
dust at various activation time. The pore radii of all samples were observed
mainly in the range from 5°A to 15°A and total volume of the pores having
those radii decreased with proceeding of reaction time.

The result suggests that the optimum activation time is around 15 minutes.

Table 4 shows methyelne blue value in the IPIL-IPIL powdered carbon of
different particle size group.

The fact that the value for both group is nearly same except for those
obtained in short activation time like 10 minutes suggests an advantage of
a fluidized bed to get products of homogeneous quality due to violent agita-
tion in it.

Conclusion

From the results obtained by the current experiments, it was cleared
that the inner heat reactor had following advantages and disadvantages for
the activation of chars from tropical plants compared with the outer heat
reactor :

Advantages.

1. considerable saving in energy consumption.
Although quantitative comparison for the energy consumption in
the both reactor was not done, it is obvious, from the view point
of the heating system and energy efficiency, that the inner heat
reactor will be able to save considerable energy consumption.
However, further research would have be carried out in this area,
2. Time reduction for activation.
As descrived before, the optimum activation time for the samples
tested was within 15 minutes in the inner heat reactor while the
outer heat reactor required 30 minutes or more to get carbon of
same quality and yield.
However, quantitative explanation for the fact could not obtain
from both view point of chemical reaction and of chemical engi-
neering.
Further research is required in this area.

Disadvantages
As gaseous or liquid fuels are used for the heat sources in inner
heat reactors, it is difficult to control the temperatures in the
reactors without any disturbance to the fluidizing conditions for
solids: If a certain amount of solids requires higher temperature,
the only way is to increase the feed rate of the fuel gas (liquids)
but it brings change in verocity of fluid in the reactor like Umf
and, in the extreme case, solids are blown out of the reactor.
Further research including design of reactors and burning system
of fuels would be carried out in this area.




Table 1. Proximate Analysis of samples

| W |{vM |Ash |FC | $b | Dp
Sample [#] | [%] | (%1 |[%] |[g/cc]| [mm]

Ipil-ipil
raw material 10.25 | 72.94| 1.52]15.29} 0.31] 1.15

(p)IPil-1pil | 5 26 | 17.16| 3.78] 76.16| 0.15{ 0.74

char 430
Ipit-ipil
(G)char\430 7.11 | 29.78 ?.28 55.83| 0.63| 1.10
Coir dust ' ‘ |
(G)char 430 7.08 | 28,431 11.01} 54.48] 0.44] 1.00
(P) : Powderd char produced at 430°C
(G) : Granulated char produced at 430°C
VM: Volatile Combustible Matter
FC: Fixed Carbon
£b :  Bulk density
Dp :  Average perticle diameter

Table 2. Gas component of atomosphere in the reactor
before and after sample feeding

feed gases: fuel gas (from LPG); 2, air; 4, steam; 0.11

(1/min)
Gas component %
before sample feeding H; Oz N2 co COz CHa
(fuel combustion gas) 4-7 1.5-1.6 74-78  3.2-3.5 12-14 -
0.2-0.5

after sample feeding 18-21 0.5-0.7 49-55 9-13 14-20




TabTe 3, Comparison of adsorptive capacities of activated carbons
obtained with different reactors

Reactor | sampte | B(min) | t(°c) | m(my/a) | smve) | vz)
Type

OHA IPgL'IPIL 60 850 370 1520 30
THA IPgL“IPIL 30 750-300 262 1024 27
OHA IPéL'IPIL 45 850 285 1000 20
A TPIL-1PIL |

g 15 710-750 | - 230 850 27

OHA C°ér'0“5t 20 850 320 950 47
IMA C°gr‘9”5t 10 710-750 269 965 27

OHA :  Quter heat type reactor
IHA :  Inner heat type reactor

Table 4. Methylene blue value of activated products
produced with the inner heat reactor from
different particle size of chars.

e Y MB Op
(min.) (%) (mg/gAC) (mm)
10 50.3 83.5 A
4.8 108.5 B
15 37.5 141.0 A
39.2 130.0 B
20 36.9 183.5 A
40.0 185.5 B
30 30.0 262.0 A
11.8 204.0 B
35 9.3 170.0 A
2.5 178.0 B
Op : Average particle size
A 1.19 mm under

B: 1.19 - 2.83 mm
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Infrared Studies on Water Adsorption Systems with the Use of HDO.
‘ II. Na-Y Zeolite

Masao Hino* and Yasuko MikAmi
Government Industrial Development Laboratory, Hokkaido, Higashi-tsukisamu, Toyohira-ku, Sapporo 067-01
{Received July 5, 1978)

Infrared spectra of the systems of Na-Y zeolite-H,0O, DO, and HDO were measured. It was shown that
there are three types of adsorbed water in the zeolite—water system. Type I: adsorbed in a state in’ which two
hydroxyl bonds are highly non-cquivalent; it gives absorptions at 3695, 3400, and 1645 cm™!, and is the same
type as that on the Molecular sieve 13X.1} Type II: adsorbed in another state in which the bonds are nearly
equivalent; it gives bands at 3610, 3540, and 1645 cmm. Type Il was more resistant to dehydration than Type
I, and was irreversible for the back-adsorption of a small amount of water at room temperature, whereas Type
I was almost completely reversible. Type III was observed for back-adsorption under this condition; it gives
bands at 3635, 3500, and 1655 cm=%. Type III can be transformed into Type IT by heat treatment at a temper-
ature which varies depending on the amount of adsorbed water. The other bands were assigned as follows:
Bands at 3750 and 3645 cm ! correspond to stretching of surface structural OH, and that at 3240 cm! to overtone

deformation of adsorbed water. The sites of adsorbed water molecules of Types I and II were discussed.

In a previous paper!) one of the authors showed
that HDO could be effectively used for the IR analysis
of water adsorption systems through the analysis of
the system on Molecular steves 13X and 4A. In the
present paper, the water adsorption system on Na-Y
zeolite will be analyzed by employing the same tech-
nique.

A number of IR 'studies have been published on the
water adsorption system.2~) However, not all of the
bands have been clarified, and there are some disa-
greements about the spectra observed and their assign-
ments. The purpose of the present work is to analyze
the spectra of the system on the basis of information
obtained from a new technique employing HDO.
The sites of the adsorbed water molecules will also be
discussed.

Experimental

Linde Molecular sieve SK-40 (UNION SHOWA Co.,
Ltd.}, which is a synthetic’ Na-Y zeolite, was used as the
sample. Major components of the material were SiO,
63.5, AlL,O, 23.5, and Na,O 13.0 in wt%. The crystal-
linity of the sample was confirmed to be sufficiently high
by the measurements of X-ray diffraction and surface area
(903 m¥/g, N,). |

Two IR spectrophotometers, a DIGILAB Model 15-B
FTS and a JASCO Model 402-G, were used for recording
the spectra. The latter instrument was calibrated against
the former by use of ammonia, water vapor, and hydrogen
bromide.

Other materials, apparatus, and procedures were the same
as described before.?

Results

Spectra for the Desorption Process. The spectra
of Na-Y zeolite-D,O and H,O systems after being
evacuated at various temperatufes are shown in Figs.
1 and 2. As seen in the Figs. various bands observed
in the spectra of the two systems after the corresponding
evacuation treatments can be easily matched with each

other. These matching bands will be referred to using

the same letters: a, b,--, and g for the spectra of
both systems. Frequencies of these observed bands

Transmittance, %

Transmittance, %
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Fig. 1. Spectra of the Na-Y-D,0 system, on the de-
sorption process.
Evacuated for (1} th at 90°C, (2) 1h at 120°C,
(3) 30 min at 165 °G, (4) 3h at 500 °C. ““Thickness”
of the sample picce was 18 mg/cm?
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Fig. 2. Spectra of the Na-Y-H,O system, on the
desorption process.
Evacuated for (1) 1 h at 90 °C, (2) 1h at 120 °C, (3)
30 min at 165 °C, (4) 45 min at 200 °C, (5) 3 h at 500
°C. Sample piece “thickness” 18 mg/cm?



Tasre 1. Summary ofF THE IR BaNDS oF Na-Y ZEOLITE-WATER SYSTEM
D.O H,0 HDO system (cm™%)
Band system system . . . . o Assign
symbol (zmul) (cm-1) Stretching regions Deformation region
OD OH
(1) The desorption process
a 2760 3750 - 2760 3750 1)
b 2730 3695 2714 3690 2)
c 2692 3645 2692 3645 3)
d 2668 3610 2647 3600 4)
e 2586 3540 2615 3540 5)
f 2490 3400 2490 3380 6)
2 2405 3240 7)
j 2940 8)
k 1460
n 1422 } 9
h 1645
1 1450 } 10)
m 1440
(2730) 11)
(2) The adsorption process
a 2760 3750 2760 3750 12)
b 2730 3695 2717 3690 13)
0 2675 3635
q 2580 3250 14)
P 2575 3500
f 2480 3350 2465 3350 15)
g 2405 3240 16)
j 2960 17)
s 1655
r 1495 } 18)
h 1640
k 1460 } 19}
n 1422
1,12), 3): OD(OH) stretching of structural deuleroxyl groups. 2,13), 6,15), 9,19): OD(OH} stretching and

deformation of Type-1 water.
DOD(HOH) overtone deformation of adsorbed water.
Arising from D,O impurity.

are summarized in Table 1-(1) together with those
of the corresponding bands observed for the HDO
system and also with their assignments. The spectra
observed for the H,O system were similar to those
reported by Ward,? with the exception that the band
appearing at 3630 ci! in his spectra was observed
to be clearly separated into two bands at 3645 (o)
and 3610 cm=! (d) in our spectra. Bands which were
equivalent to these appeared at 2692 and 2668 cm—!
for the D,O system.

Spectra observed for the HDO system in the OD,
OH stretching and the HOD deformation regions are
shown in Figs. 3 and 4. Those spectra shown in
Figs. 3 and 4 were measured after the sam: evacuation
treatments as those performed prior to the measure-
ments of the spectra shown in Figs. 1 and 2, respective-
ly, so ‘that a comparison between the spectra of the
D,0 or H,O system and of the HDO system should be
reasonable.

Correlations between the spectra in the QD stretch-
ing region of the HDO system and those of the D,Q

4), 5), 10): OD(OH) stretching and deformation of Type-II water.

7,16):

8, 17): Overtone deformation of adsorbed HDO. 11):
14), 18): OD(OH) stretching and deformation of Type-III waler.

system were analogous to those between the spectra
in the OH stretching region of the HDO system and
those of the H,O system.

As in the case of the Molecular sieve 13X-water
system,Y bands a and ¢ in the spectra of the DO or
0,0 system appeared at just the same frequencies for
the DO system (bands a’ and ¢’ in Figs. 8 and 4).
Band b shifted toward the lower frequency side by
16 cm~t in the OD stretching region and by 5 cm™?
in the OH region for the HDO system. The weak
absorption at 2730 cm~' in Fig. 3 arises obviously
from the D,O present in the sample water mixture
{about 6.39,). Band g disappeared from the spectra
of the HDO system. A new band appeared for the
HDO system at 2940 cm~* in the OH stretching region;
it can be attributed to an overtone deformation or a
combination band of adsorbed HDO, like the band
at 2945 or 2910 cm~1 which appeared in other zeolite-
HDO systems.} Bands at 2668 (d) and at 2586 cm—
(e) in the spectra of the D,O system disappeared from
the OD stretching region of the HDO system, Two
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Fig. 3. Spectra of the Na-Y-HDQ system in the OD
stretching region, on the desorption process.
Evacuated for (1) 1h at 90°C, {2) 1h at 120 °G,
(3) 30 min at 165 °C, (4) 3 h at 500 °C after exposure
to the vapor of H,O-D,O mixture of a molar ratio
of 3 to 1. Sample piece “thickness” 40 mg/cm?
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Fig. 4. Spectra of the Na-Y-HDQ system in the OH
stretching and deformation regions, on the desorption
process.

Evacuated for (1) 10 min at 90.°C, (2) 1 h at 90 °C,
©(3) 1h at 120 °C, (4) 30 min at 165 °C, (5) 45 min at
200 °C, (6) 3k at 500 °C after exposure to the vapor
of H,0-D,O 1 to 5 mixture. The spectra shown
in the deformation region were obtained by rationing
each observed spectrum against that after 500 °C
evacuation of the Na-Y-H,O system. Sample piece
“thickness” was 26 mg/cm? ‘

new bands, presumably ' corresponding to bands d
and e, appeared at 2647 (d) and 2615 cm™ (e) in
the OD: stretching region. In the OH region these
bands d' and ¢ were detected in the spectra after
evacuation at lower temperatures (curves 1 and 2
in Fig. 4) at 3600 and 3540 cm;?, which were nearly
the same frequencies as those of d and e in the spectra
of the H,O system. After the evacuation at higher
temperatures, however, the band ¢’ could not be
observed, probably because the absorption was weak
and broad. In the deformation region four absorp-
tions (k, 1, m, and n) appeared at 1460, 1450, 1440,
and 1422 cm! in the HOD deformation region for
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Fig. 5. Ratioed spectra of the Na-Y-HDO system in
the OH stretching and deformation regions, on the
desorption process. Obtained rationing (1) curves
1 and 2, (2) 2 and 3, (3) 3 and 4, (4) 4 and 5 of Fig.
4. The scale of the intensity is arbitrary as each curve
is “auto expanded” into an identical hight in the

frequency ranges indicated.

the HDO system, whereas only one at 1645 cm-? (h)
was found for the H;O system.

On evacuation in a series where the evacuation
temperature was elevated step by step, the intensity
of the bands b and f for the D,O (I,0) system and
also of the bands b’, {’, k, and n for the HDO system
decreased preferentially in the initial steps, followed
by the decrease of the bands d and e for the D,O
(H,O) system and of d’, €', 1, and m for the HDO
system. 'The intensity of band h decreased at a con-
stant rate through the dehydration treatments. This
can be seen directly in the ratioed spectra shown in
Fig. 5. Those spectra were obtained for the HDO
system by calculating the intensity differences between
each curve shown in Fig. 4 by use of a computer system
included in the FTS-15 spectrometer. Thus, it was
suggested that bands b, f, and h for the H,O (D,0)
system (corresponding bands b’, f', k, and n for the
HDO system) should have the same origin, while
bands d, e, and the residual part of h (d’, €', 1, and m)
came from another origin.

Spectra  for the Adsorpiion  Process. Spectral
measurements on the adsorption process were also
made for the systems of various kinds of water in the
surface coverage of about 0—1.2 mmolfg. The general
features of the spectra were almost identical irrespective
of the degree of coverage in each of the systems, but
were somewhat different from those of the spectra
for the desorption process, as is seen in the typical
examples shown in Figs. 6 and 7. Differences were
found in two regions: one is the region where bands
d and e appeared for the desorption process and the
other is the deformation region. In the former, two
relatively broad bands (o and p) appeared at 2675
and 2575 cm~t for D,O adsorption, and at 3635 and
3500 cm—! for H,O adsorption. Each of the former
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Fig. 6. Specira of the Na-Y-D;O and HDO systems

in the OD stretching and the HOD deformation
regions, on the adsorption process.
(1,3) Evacuated for 3h at 500°C, (2) 40 pmol of
D,0, (4) 40 pmol of H,0-D,O 7 to | mixture were
readsorbed. All the curves were obtained by ration-
ing the observed spectra against that after 500 °C
evacuation of the Na-Y-H,O system. Sample piece
“thickness” 17 mg/cm?.
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Fig. 7. Spectra of the Na-Y-H,O and HDO systems
in the OH stretching and the deformation regions,
on the adsorption process, (1) Evacuated for 3h
at 500 °C, (2) 24 pmol of H,0O, (3) 24 gmol of H,0O-
D,0O 1 to 5 mixture were readsorbed. Curve 2 in the
deformation region was obtained by rationing the
observed spectra against that after 500 °C evacua-

tion. Sample piece “thickness” was 17 mg/cm?

bands was very weak. For HDO only one broad band
(q) was observed in the region around 2580 cm! for
the OD region and around 3520 cm—! for the OH
region. Three deformation bands were observed for
the HDO system, at 1495 (r), 1460 (k), and 1422 cm!
(n), while two were found at 1655 (s) and 1640 cm!
(h) for the H,O system.

. Observed frequencies of the various bands are sum-
marized in Table 1-(2).

Discussion

. Spectra for the Desorption Process. First, bands a

and c¢ can be assigned to the stretching vibrations of
surface structural QH (OD) groups, while the remain-
ing absorptions b, d, e, f, g, and h are attributable to
some vibrations arising from adsorbed water mole-
cules. This is because of the fact that each pair of
corresponding bands, one appearing in the H,O {D,0)
system and the other in the HDO system, of the former
group appeared at the same frequency in the cor-
responding regions of the spectra of the H,O, D,0,
and the HDO systems, while in the latter group the
bands did not appear at the same frequency in at least
one region of the spectra.

Thus there is just the same type of adsorbed water
(Type I, adsorbed in a state in which its two hydroxyl
bonds are highly non-equivalent) in the Na-Y zeolite—
water system as the Type WX-I in the Molecular sieve
13X-water system which was reported in a previous
paper. That is, bands b, f, g, and h in the spectra
of the present work are apparently attributed to the
same vibrations as bands b, e, f, and at 1650 cm-1,
respectively, in the spectra of the 13X system.. Each
pair of these matching bands showed an almost identi-
cal behavior with the partial deuteration of the adsorp-
tion systerns.

Absorptions d and e have been observed and report-
ed only by Ward.® He assumed that they were due
to some adsorbed water molecule, but no details were
described.  Our results in the present experiments sup-
port his assignment. Moreover, they give further in-
formation on the state of the adsorbed molecules as
described below. When a water molecule is adsorbed
in a state in which its two hydroxyl bonds are com-
pletely equivalent, the molecule is expected to give
two stretching bands of »; and », and one deformation
band of ¥, for H,O (D,0), as well as single OH and
OD stretching bands which are located between the
vy and the »; frequencies and one HOD deformation
band for HDO. On the other hand, when the mole-
cule is adsorbed in another state in which the
hydroxyl bonds are not equivalent, H,~O-H,, it is
expected that two OH stretching bands (one is rather
characteristic of yOH, and the other of yOHy) and
a single deformation band arise for H,0 and D-
equivalent bands forD,0. For HDO molecules in this
state four stretching bands: »OH,, »OH,, »OD,, and
vODy and two deformation bands: ¢H,OD, and
6HZOD, will occur. The degree of frequency difference
between the vibrations »OH, aad »OH, or between
the two D-equivalent bands, as well as between the
two deformation bands, will be larger, the larger the
degree of the non-equivalency between the two
hydroxyl (deuterioxyl) bonds. In the present results,
bands d’ and e’, presumably corresponding to the
vOD,(»OH,) and the +OD,(»OH,) of the HDO,
appeared close to each other, being located between
the frequencies of the corresponding bands d and e
of the D,O (H,O). Thus, bands d and e can be
assigned to the »; and », vibrations of water molecules
adsorbed in a state in which its two hydroxyl bonds
are nearly equivalent (Uype II). The result in the
deformation region also supports this assignment. Two
deformation bands (1 and m) were observed to be
very close to each other, with a difference of only



10 em-2, for the Type II adsorbed HDO. The cor-
responding differencé was 38 cm™! for the Type I
water, in which the difference between the two OD
stretching bands was 224 cm™'. Hence, such a small
difference of - 10 cm~' will be reasonable for the
Type II water, in which the difference between the
two OD stretching bands was 32 cm™.

" In a previous paper? it was suggested that the weak
absorption at 3590 cm—! (D-equivalent band at 2645
cm-Y) in the spectra of the Molecular sieve 13X-water
system was due to some type of adsorbed water mol-
ecule, but with no details. It is almost certain that
the band arose from a similar type of adsorbed water
to the present Type II water. L

Spectra for the Adsorption Process. From a com-
parison with the spectra, of the desorption process,
the deformation band at 1640 cm—! (h) in the H,O
systemn should correspond to those at 1460 (k) and
1422 em—' (n) of the HDO system, and the new band
at 1655 (s) to that at 1495 cm™! (r). This speculation
is in harmony with the appearance of the bands in
the stretching regions. Bands b, f, and g did appear
at almost the same positions as those in the spectra
of the desorption process; moreover, they showed simi-
lar behavior to those of the latter bands for the partial
deuteration. On the other hand, bands o and p for
the H,O (D,0) system and q for the HDO system are
quite different in their spectral aspects from bands
d, e, d’, and ¢’ of the desorption process. These
facts indicate that the Type I water is almost reversible
while the Type II is not, for readsorption of a small
amount of water at room temperature.

The new bands o (3625, D-equivalent 2675 cm—1),
p (3500, D-2575 cm~1), and s (1655 cm™) would be
assigned to the »y, »; and », vibrations of water adsorbed
in some state with its hydroxyl groups equivalent
(Type III), and bands q at 3520 and 2580 cn—t and
r (1495 cm?) to the OH stretching, OD stretching,
and the deformation of the corresponding HDO mol-
ecules. ‘

The state of these adsorbed molecules is obviously
different from that of the Type II water, even if some-
what similar to it. In order to investigate this ir-
reversibility a simple experiment was carried out.
After 0.83 mmol/g of DO was back-adsorbed at room
temperature, the sample piece, in situ, was heated up
to 95 °C or 200 °C once, and then cooled slowly down
to room temperature. It was found that the treatment
at 200 °C gave rise to a great change in the spectrum,
giving a similar spectrum to that on the desorption
process with bands at 2694 (c), 2674 (d), and 2590
cm~! (e). This indicates the rearrangement of the
adsorbed water molecule, probably from the Type II1I
to the Type II, and the formation of certain structural
hydroxyl groups caused by dissociation of adsorbed
water. And also it suggests that the Type II water
is more stable than the Type III water. However,
in the 95 °C treatment no spectral change occurred,
whereas our spectra for the desorption - process were
obtained by 10 min of evacuation at'90 °C after the
dried sample piece was saturated with water vapor.
Thus, it is suggested that the occurrence of the rear-
rangement of adsorbed water and the formation of

the hydroxyl groups depend on the degree of surface
coverage as well as temperature. The details can not
be known without further experiments.

Sites of Adsorbed Water Molecules. Mutual com-
parison of the results obtained for the present Na-Y
zeolite and for the Molecular sieves 13-X (Na-X
zeolite) and 4-A (Na-A zeolite)! makes it possible to
discuss the sites of adsorbed water molecules.

Type I and Type II water existed on both the zeolites
of Na-X and Na-Y, while on the Na-A zeolite Type 1
water could not be found. The single main type of
adsorbed water observed on the Na-A is regarded to
be similar to the Type II water in its symmetry.

Under such a condition of much lower surface
coverage,® it is almost sure that the adsorption of water
molecules occurred mainly on the zeolitic cations in
such a manner that the lone pair electrons of the water
oxygen atom are attracted to the positive charge of
the cations, whether or not the hydrogen atoms are
hydrogen bonded. to the negatively charged oxygen
of the zeolite lattice. Hence, it will bs reasonable
that the variety in the modes of adsorption should be
discussed in connection with the kind of cation sites.

It is well known that the crystal structures of zeolites
X and Y are essentially identical, but differ only in
the number of their cations and the strength of the
electrostatic force field around the cations. According
to Rabo e al.,”) there are three kinds of possible cation
sites, S;, S;;, S, in the zeolite structure. The number
of each site is 16, 32, and 48, respectively, for a X
type zeolite of which the ratio of Al and Si equals
unity. These sites are occupied by exchangeable cat-
ions, fully or partially, depending on the type of the
zeolite. On the other hand, Na-A zeolite?®) has another
structure. But it includes sodalite cages similarly to
the structure of the Na-X or Na-Y. There are two
kinds of sites, S, and S, in the type A zeolite. For
the Na-A, 12 Na cations are required per unit cell for
electrical neutrality, of which 8 Na cations occupy
the former site and the remaining 4 Na the other site.

Among those five kinds of sites, the site 8; can be
ruled out of consideration because the cations positioned
at that site will not be able to accept any adsorbate
due to its small space. Site S, is regarded to be
similar to site S;. Both are situated on the center of,
the. six-membered rings of the sodalite cages facing
toward the super cages of the zeolite structure, and
have a C,, symmetry in relation to the neighboring
lattice oxygens. Site S;; is characteristic of zeolites
X and Y, which is located on the center of four-mem-
hered rings of the sodalite cages and has a symmetry
of C,_ in relation to the neighboring oxygens. Zeolite
A has no such site.

From both the similarity and the differences among
the three zeolites in the geometry around the possible
cation sites and in the observed spectra, it is suggested
that the Type I water is situated on the cations oc-
cupying the site S, whereas the Type II is on those
of site S

These attributions are supported by a comparison
between the intensity of the spectra of each type of
adsorbed water and the number of the cations oc-
cupying each site, as described below. The relative



amount of the Types I and II water on the Na-X and
Na-Y zeolites can be estimated from the results shown
in the present Fig. 1 or 2 and those shown in Fig. 1
or 2 of the previous report.’) In that case, the intensity
of the spectra of the 13-X water system must be com-
pared with the other after being multiplied by a factor
of 1.6, which appears from the differences in the sample
thickness and the molecular weight per their unit
cells.® Then, it can be seen that there is a much
smaller amount of Type 1 adsorbed water on the Na-Y
zeolite than on the Na-X. The Type II water is
estimated to be present in much the same amount on
both zeolites, or at least not so much less on the Na-X
than on the Na-Y zeolite, though this is not very clear
because of the overlapping of the spectra of the Types
I and II water., On the other hand, according again
to Rabo et al.,”) the order of preference for cation oc-
cupation is 5,>8,;>85;;;, which may lead to the con-
clusion that our Na-X sample (Si/Al=1.23) includes
16, 32, and 38 Na ions per unit cell for the respective
sites, while the Na-Y sample (SiJAl=2.3) includes 16,
32, and 10, respectively. That is, the ratios of the
cation number positioned on the same site in Na-X
and Na-Y are 1:1 for the site S;; and 38:10 for the
Sip. This may be comparable with the relative in-
tensity of the spectral bands described above.

The molar absorptivity for the Type II water ap-
pears to be weaker than for the Type I water. This
is probably due to the fact that the Type I water is
more strongly polarized than the other. It has been

shown by Dempsey'® that the electrostatic force fields
around the site Sy, is some 509, stronger than that
around site Sy .

It is obscure at present why and in what geometrical
arrangements the Types I and II water are adsorbed.
on the sites, yielding such modes as described before.
To answer this question, further experiments with the
use of other techniques are necessary.
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Fig. 1. IR spectra of absorbing liquids before
and after NO absorption.
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L 1,395cm™ @& L, 1,260, 1,230 3F0%k Lo
1,030cm™" i F L WO BB D bh, RERC

Table 1. IR bands of absorbing liquids
before and after NO absorption.
(em~1),
Absorbing After NO Assi
liquids absorption ssign
1775 coordinated NO, vNO
1630 1630 H,0, éHOH
1620 YNHCH,COO-Fe( )
-NO and Fe(]]) edta,
2 COO
1597 SNCH,COO
/7, vaCOO
Fe( 1)
1610 SNCH,COO
Fe( }]{ , vaCOO
No
1460 HDO, sHOD
1405 SINCH,COO
AN / , wCOO
Fe(lD)
1395 SNCH,COO
Fe( H{ , vsCOO0O
NO
1260, 1230 imido-di-sulfonate and
or nitriro-tri-sulfonate,
-50;, v.SO
1210 1210 D;O, 6DOD
1100 1100 SO, 9280
1030 imido-di-sulfonate and
or nitriro-tri-sulfonate,
~S04~, 150
935 935 EDTA, +C-C
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Hd bRz, 1,260 X% 1, 230cm! 0 RIICES L
TEHFBEEIRLT LR, EROLCLERS
L ORI &L DD birtic, BEV AT
BB L7 NO DBART L o TE b ek R, # NO
CEBLDE—H LI, HRNEOEREL THLLO
WMEE L b Table 1 1R Lz,

3.2 Fe(ll), Fe(ll), Mg(ll) 3 Xx ot Na—edta
EERERKBRO AR Lo

T T T T T T T T

(1) Naz-edta (4) Mg-edta

—2—)Fe( 11)-edta
~-Fe(lll)-edta

Transmittance

L 1 L L 1 L ! I
1700 1500 1700 1500 cm '

Fig. 2-a
Numbers by the curves represent the pD) value
of the solutions.

Fig. 2. IR spectra of EDTA complexes in
D.0 solutions.

(2) Felll)-edta

Transmittance

i ! I !

1700 1500 ¢cm™!

- Fig-2-b

edta gk vCOO, #ir vaCOO 1155 ED (LM
&, PLEREA A v E oM R Rk L C B R &
o7 PERRTIENHBR T WA, Lo T, &
ORI FE R O RO (L MEE LB LT 5 1
T, —OOFHRD L b, BENRINEIZE, £O
pD HHEAA T edta FAEHHL 25 &BA A+ 1L
T Fe(ll), Mg(ll), #"EEhTkH, Ei Fedl)
DHEESL TFHE RN, IoITEE L edta SEEL
5% ¥l s ik LERET pDICIREL, L
P TANZ b A LT T B, T2 T3 1OBEL
EF DR b ORGER I oV To vCO0 DL

Table 2, IR bands of EDTA complexes in D,0 solutions. (em™1)
Nagedta Mgedta Fe () edta Fe (I[) edta Assignt?

1720 1725 SNHCH,COOH, v,CQO
1625 SNHCH,COO-, »,CO0-

1625 1625 )KIHCHECOO—M, v,CO0
1580 SNCH,COO-, v,CO0~

1600 1595 1620 >NCH,COO

/ s UuCOO

1400 1405 1405 1395 EDTA, v»COO
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DERFRICOWTH 0. 1Imol /g /e D kL 5B L
EAENERTHS, D OFEr NaOH k&
O HySO, %V Te &A-S 7 F A R T BB
pD & Rt vCOO DEHHRER LN HDIRE &
L4 iTable 2 R U0

3.3 BNO v 7  DHlE

Fig. 1 ¢, 1,775, 1,260, 1,2304 & 01, 030em™!
DERITE, NO RIRFISARH 5\ kR
CEBEDTHDZ LT, Thb DL
EERIVURELAY THA Z LATFHINE, 2O
Be, ESREOBEENTZLLTEE LTV 2EHOR
T, ERRAMCE CNILawERECS L, ToT
BaTELREIORMEY 7 b ATFHEINS L
T, BNO ¥ A% BEIRICBEDO Ay L0l
ZRlE L, (Fig 3)

ZoFER 1, 775cm™t OWRILITE 30cm~! DR
7 pRARLA, 7T45cm™Y), 1,260, 1,2303% X O°1, 030
em™t DEIR TIEHBRHL 5 5+ 7 +ik BB bivieh

\

]
O
j oy
o]
ke
: Y
A ;
2 @)
[
(and

1 1 ! 1 1 !

1800 1600 1400 1200 1000 cm™’

FeSO, 0.1, Nagedta 0.1, MgS0; 0.2mol/g
H:0 (1), D,O (2) solutions,

Fig. 3. IR spectra of absorbing liquids after
NO was absorbed.
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ERTAHE, Fig 1-(1) 0RBREHET T, BLA
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EWVWE s

SOy X A WIEs (935cm™!) A A2y b AR
SIREE L LTED bR LT, MgSOs b ¥
DIBREL T b RRTLDTHD, O LI
PR EFE LV,

Sawyer L 1t 2{fig/BE A + v O edta FHEBET
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M
THdHZ ExRLI,

SO L, 1,597cm~! oILrr Fe(ll Dedta @
oMo COOR LHbDEELLRD, ZDRIY
eI £t Fe ([[)edta oF~<To COO Hapis
i/ RBEIB LR TEIDTH D, LI T,
edta 1T Fe(ll) W LT6HBELLTL 5 ThHhH
5o

1,620cm~ O/NETClE BA&E, BT Sawyer b
DRE S B> NHCH,COO-Fe( [ YD COO i &
2D EEZBND, TOBEED pD (B.5HIHE) T
CoROEEN O BEFET S L, Fg 20
Fe(l) «edta R bbb pD=4.6 81074
AR UL (1,620cm™) DIRE &L TF
YTHDo Fe([[Dedta & 1,620cm™" HILA % b,
FRBWIREFE TR E LT FedD 2 EEND 5
A%, pD=12.5C Fe(]) « edta @ DO BHgD A2
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b, CoESA Fe(lll)edta ORILTH 2 A48
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4.2 NO WREOAL2 b
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MHDHEERCH D, HRENS EOKATETHD
e —FRCHETD 2 PR T AN,
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-NO ¥ T, Bfz NO i1 1,810em™ [ WRILE =
Lice ZO#EREMAM NO ot 35cm™ Th
BT EDbomnb, I EEh k5 ieM-N=0* &
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Lo kb, Fe(lDedta whitfi L e & Fe(l)
CEAE L7y dr & T NO O L R
EEZBRB, LidtoT, edla 3 NO ORETLH
PED L ERINBRCE Wb D EEL bR D,
C7rk, TofERIE Fe()-NO k& Fe(])edta-NO
Dfithr NO B KFlIcE, L mEOTHE
BLAEMCEARBE L Tnb, D2 L1 3 21K
i Fe(lldedta & Fe(ll)edta o FpHife & »COO
2 EOERE b, $ edta RBIRFE A5 NO
W Bt OB g IR AR ciEfie 52 5 2 & &R
LTWwho

vaCOO i1 NO oiic & b @B~ 7 » RT
LA CIEO AR 0 D bhvic, Zhitl, 620cm™!
ST AR D BILA 1,610cm™! OB EHL -
ThicbbELZ bRD, &0 1,620em™ FLOWE
I DWTIERD L Hic BN B, Fe(])edta-

NO gtk NO 2 Fe([Dedta 21 ¢ 1 TERAL,
o Fe(ll) PEME 628D & D 230,

OOCH,C. . CH,COO
X N—H,C—CH,—N
OOCH;8L H “H.COO
|

NO

DEDEERTUEL TS o ERNEL bhb, Ok

LN >1\|ICH2COOj—5 T v >NHCH,COO-Fe( [ )-NO
Fe (1)
NO
D 2EEOCOOKBHFEL, ThbAirhFihl, 610
cm™! %5 X001, 620em SFHORIREY E 2 TWBDT
H5 5o pD=7~8 DERT T OERMEEH HE
& BECHEELED Z 23, Fig 20D REhic X
5 pD=7.1 7D Nagedta B & T G
(1,625cm™) PSS BICHEL TWH Z Lo bR
Ehb,
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1400 1200 1000 cm™"
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IR spectra of NH (SO;K). disso]ved
in absorbing liquid.

Fig. 4.
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Infrared Study on NO absorption by Fe(Il)edta - MgSO,

Aqueous Solution. (I).

Masao Hino, Takashi FUKUDA, Junko NiTTA* and Yasuko HIRAMA

(Government Industrial Development Laboratory, Hokkaido. *Seishfi Junior College)

SYNOPSIS: —Infrared spectra of FeSO,, Nasedia, MgSOs;~1*NO and ¥NO systems, and
those of related substances were measured in aqueous solution phase. The results showed
that EDTA present in the solution forming a complex of Fe ([ ) edta (#».COO, 1,597cm™1),
NO is ahsorbed to the complex through the formation of NO-Fe (]I) edta coordinate bond
(¥NO 1,775, v,COO 1,610cm™1), and that the coordinated NO react with SO, to form
imido-di-sulfonate or nitriro-tri-sulfonate and or compound analogous to them (¥S0O, 1,260,
1,230, 1,030cm™!). Stretching vibration frequency of the coordinated “NO, 1,775cm™,
suggests that the edta has no activity to promote the reduction of the NO. It was found
that a part of the Fe([]) is oxidized to Fe(][) in the present reaction, which is considered

to be probably caused from the absorbed NO.

Tt should be also noted that Fe () edta~NO

(1, 775cm™Y) was distinguishably observable from Fe(] )-NO (1, 810cm™), as well as Fe (I)
edta (1,597cm=1) from Fe ([[) edta (1, 620cm™!) with the use of IR technique.

(BREMG A58, $59% 56388 (1980) pages 382~388)
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