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Thermal-Degradation of PVC in Fluidized Bed

Thermal Degradation by a Continuous Fluidized Bed

T. Araki, |. Tamura, H, Nishizaki R. Kobayashi® H. Imai™"

*National Chemical Laboratory for Industry. **Hokkaido Univ.

|. Introduction

In this paper, thermal-degradation of PVC is investigated by small batch apparatus.

As the result, when PVC particles were heated by TOYOURA standard sand as heat carri-
er it is recognized that thermal-degradation (dehydrochlorination) started from about 200°C and
most of chlerine in PVC was dechlorinated about 350°C in about two minutes.

The pyrolysis at the temperature below 400°C produced the black sphere char with the stru-
cture of stereotype and pyrolysis gas most of which contained HCL. The purpose of the present
investigation is the plastic wastes treatment and the utilization of the product. In order to deve-
lop a commercial scale plant to treat PVC by a continuous thermal degrader. We used a con-
tinuous sand fluidized bed as a degrader. The industrial merit is following.

1. It is easy to operate steadily and control temperature.

2. The treatment capacity is large.

3. It is easy to separate the gas, liquid and solid.

4

The coutinuous operation is possible.
2. Experimental apparatus and method.
Fig. 1 shows the outline of the small batch experimental apparatus and Fig. 2 shows the

detail of contenuous fluidized bed. In the latter, the stainless steel (SUS 27) tube reactor as
the fluidized bed has the size of 10cm in diameter. The distributor used was single perforated

]
absorber

1. Compressor motor /4
2. Rotor meter % ,,/f
3. Distributor I fe‘elder R
4. Fluidized Bed 1 S char out
2 5. Electric furnace O— tank
6. Thermo-couple
_ 7. HCI absorber comPpressor ¥
air orifice
descharge

Fig, | Batch Fluidized Bed Reactor
Fig. 2 Contenuous Fluididized Bed Reactor
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plate that had the pore size of lum in diameter and the free of one percent. Fluidizing air
and the outside of the reactor were heated by electric furnaces. The temperature of fluidized
bed was measured by thermo-couples put at the inside surface of the reactor located at in-
tervals of 10em vertical. After the PVC sample was fed, the reactor temperature was kept at a
constant temperature by means of controling PVC feed rate. Mixed ratio of the inlet PVC
and sand were 20wt% and 40wt% . It was fed by ascrew feeder at the bottom reactor. Degra-
ded PVC and sand overflowed from the upper part of the bed. The bed height was kept 25cm
After overflow particle was cooled naturally at a receiver, treated PVC and sand were separa-
ted. Then concentration were measured, the loss of weight of PVC and the residual chlorine.
The PVC sample used in this experiment was commercial product pellet. Some properties of
the PVC were summarized in Table 1.

3. Experimental Results and Discussion

Table 2 shows pyrolysis temperature of PVC in the coexisting condition of char, medium
sand and yield of char. The char in Table 2 shows that PVC decomposes at temperature
over 250°C. Medium sand and particle attached on char produced hy pyrolysis of PVC
it became lump, therefore it was difficult to operate the fluidized bed stably. When
pyrolysis temperature was 350°C, sand and char did not attach, accordingly it is easy to
separate sand from char by sieves. When pyrolysis temperature was raised to 370°C, the color
of sand changed from black to redblack and yield of char decreased. At 410° C, it started to bu-
rn and char was not produced at all and the sand color changed to light brown. Change of

Table | Properties of the PVC and Sand,

Propertie Sample SOMA Sand | TOYOURA Sand | P V C
particle diameter {(cm) 0.075 0.030 0.2x0.55¢
bulk density (g/c.c) 1.48 1.50 0.75
real density (g/c.c) 2.60 2.50 1.35
Umf (ecm/sec) 34.0 4.0 -
exothermal calory (kcal /kg) — - 5.140
chlorine (wt %) — — 52
volatile matter (wt %) — — 91.2 (daf)
fixed carbon (wt %) — — 8.8 (daf)

sand color at 370°C seemed to be caused by burning of part of char. From the result of
Table 2, at the higher pyrolysis temperature, the reaction extent of PVC increased.
At the temperature over 380°C, burning of the char began. Thus pyrolysis optimum te-
mperature of PVC is about 350°C properly. The yield of char vs. temperature was sho-
wn in Fig. 3 when air velocity was held 12em/¢ec (based on 20°C). This figure shown the
vield of char was affected by the PVC feed rate at the lower temperature. The yield of
char was observed to take a constant value about 40%, independently of the fed rate at
the low temperature range from 300°C to 370°C. The rates of dependent of PVC increas-



Table 2 Pyrolysis of PVC with contenuous fluidized bed k.

Pyrolysis . Yieled * *
teS;npeSrrature (*C) Characteristic char. char. (%). Attached sand.
200 almost the same 90.1 not attached.
as sample.
250 expanded 83.7 attached remarkably,
porous solid became lump.
300 noonoon 69.2 not almost attached
350 noonoon 55.5 not attached
(lustered black solid.) separation easy.
370 nooonon 53.1 ] n "
410 start of burning (sand
changes red blown).

% Feed rate 400kg/hr me
Space velocity of air 12 (cm/sec)
PVC : sand =20 : 80 (wt %)
% % by JIS (925°C)

80 \ Key[PVCFeed rate 0
o) g iggkg Erlr, mr Key Temp
70 © | 180 7 g 350C
. 380
60 ~o © 400
4
60 \O B \\ O\
=S B 50|
%’ ~ \ = %o o
50+ o 2 ] E———
. > =T S
5 40F 0-\—8_-—%: O 30|
30 1 1 | 20 ] | | 1 1 | | 1
250 300 350 400 0 10 20 30 40 50 60 70 80
Treatment temperature (C) Space velocity Uo [cem/sec]
Fig. 3 Char yield vs, treatment temperature Fig. 4 Char yield vs, space velocity

ed but the pyrolysis of PVC was caried out independently of feed rate at the higher tem-
perature from 380°C to 400°C. In the above mentioned experiment, asthe space velocity
increases, the yield of char decreases. As mentioned above, the reactor temperature was
controled with operation of PVC feed rate and supplied electric power in this experiment.
The bed temperature rose with feed rate at the temperature over 250°C, when power
supply was constant. This was due to burning of PVC and produced char. Thus at
the larger feed rate of PVC, it was necessary to put down heat supply to keep temperature
constant. As the combustion was influenced by the amount of air the oxygen accordingly
it was thought the combusti on reaction was inc reased, On the condition of large
amount of air supply 59cm/sec the color of sand at 350°C was the same as treated
at the case of 370C, 12cm/sec. Apparently it .was shown that partial combustion
occured. The yield of char on the condition of higher space velocity shown in

Fig. 4. In addition the concentration of oxygen in the exhaust gas was remarkably

low at each temperature. And apparently oxidization reaction was carried out in the bed.
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From this figure it was shown that the yield of char was constant at the space velocity
from 12 to 25cm/sec. From this result, in order to operate stably, it was thought the space
velocity of this range was optimum. Fig. 5 shows relation between treatment tempe-
rature and chlorine contents in char that was obtained by pylolysis of PVC continu-
cusly at the rate of 180kg/hr-m'. From this figure, over 350°C the chlorine contents in
char was almost constant, when treated at 400°C, and the char contained the chlorine from 3
to 4% . From the result of the batch experiment, the chlorine contents of char that was
obtained on the same condition as this experiment was about 2% whereas the char of this
experiment showed higher contents than the batch one. In this experiment the mean resi-
dence time of PVC was about two minutes. Even at about 400°C. where the dehydrochlorina-
tion reaction of PVC progressed activity, it was considered that before the dehydrochlorina-
tion finished completely, the char was discharged to outside of the bed. On the other hand,
in the batch experiment the residence time was long, the chlorine contents of the char was
less than the char gained in this continuous experiment. Considering the both results, it was
necessary to use, for instance, the multistage fluidized bed to make the chlorine contents of
char smaller than at continuous operation. We carried out the thermal analysis of PVC by
using Thermogravimetry. From the result we found that the dehydrochlorination reaction of
PVC was separated: to two kind of reaction namely extremely progressive reaction at the
tempera ture range from 240°C to 300°C and comparatively moderate reaction from 300°C to 350C.
The percentage of this range was 70 and 30 percent. However, in the peresent work we had
the following result that as the residence time was short, before moderate progressive rea-
ction finished completely the char was discharged to the outside of the bed.. As mentioned
above this investigation was aimed to the treatment of plastic waste and the available util-
ization of products. Dehydrochlorinated char was three dimensional structure and porosity
and it has such shape and material characteristics, so that we could use as data
structural material. And therefore, we measured the bulk density of the char as the useful
for such usage and the result was shown in Fig. 6. From this figure the higher treat-
ment temperature was, the smaller hulk density and more porosity. This was due to the fact

that the pyrolysis of PVC was progressed according to rise of treatment temperature.
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E Lodk
o 20} 8
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= » e
B @ L
wy 50-2" [ ]
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% e
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= 1 i I
%0 300 30 400
Treatment temperature (C)
Fig. 5 The chlorine contents vs, treatment Fig. 6 Bulk density of char vs, treatment
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3. Analysis of Results

Figure 7. shows the rate of PVC reaction by small batch apparatus. At this time, the ac-
ive enegy of initial rate was 25.6 kcal/mole. The reaction operation which is used by fluidi-
zed bed (medium) contains not only dehydrochlorinate reaction as chemical reaction, but also
the solid heat transfer and mass transfer in case of fluidized bed. Provided that the over-all
reaction rate shows R and the factor shows k, we can define the rate R as follows,

R=dv/df=ky (1)
f shows the reaction time, dy/df shows the rate and y shows the residue and we found the
relation that y=1—x
x shows the conversion rate. As the order of reaction was not decided, and physical phenomenon
could not be separated, so we showed relation among dx/df and x by graph differentiate to
Fig. 8—1 and Fig. 8—2.
d(1—x)

R=—""—=k(l—x (2)
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While Fig. 3 and Fig. 4 to the continuous experiment result by 110904 fluidized bed. In
the case of the constant temperature and the fixed gas velocity, it is decided by PVC's
degradation rate (char’s yield) of entrance and exit as follows.
dy/df=(f/wy)y, or dx/df=(f/wo)x (3)
w shows PVC s weight factious which exists in bed and w is weight fraction of PVC
in case of that there is not a meduim in bed. As the bulk density, of{g/cc) of PVC equals
0.75 and the reaction zone volume equals 2.36 ¢, we see the reslut as follows.
wo=p-V=1.77kg (4)
While the reaction rate dx/d#f is unknown, but as we can look for the conversion of conte-
nuous operation by experiment and we find the reaction weight fraction y=w which equals
dx/déd by Fig. 8.
Supposing that this reaction correspond to batch fluidized bed feed rate is dec ided by experi
ment, so that we find as follows.
dx/d fx

f/wo= , or Wozdx/dﬁ

(5)

What we know the relation among w and f is shown to Fig. 9 by the part of reaction bed
per PVC weight fraction This fluidized bed differ from the fluidized bed of cata-
lytic reaction and fluidized bed which flows solid reactant. And because of the reac-
tant on the fluidized medium, the apparatus capacity is determined by fluidized con-
dition and reaction rate. It is thought fluidization is caused by the material feed rate, the
fluidized gas verocity, the bulk of device and the height of bed. We can provide this capaci
ty as holdup of reaction medium.

5. Conclusion

We experimented on dehydrochlorinate reaction of PVC by means of coutinuous bluidiya
tion fluidized bed, and it compared with small batch operation In the result, dehydrochlori-
nate rate in the continuous apparatus was lower than the small batch apparatus, but it is natu-
ral by view of the reaction operation. By graphical analysis of small batch reactor we
found that there were another factor of the reaction rate of PVC dehydrochlorination. In this
research. the structual analysis was done in Hokkaido University, and the thermal decompo
sed operation was done in Industrial Development Laboratory Hokkaido and the utilization

of product was done in this Laboratory and Tokyo Chemi cal Industry Research Institute.
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Thermal Degradation of PVC in Fluidized Bed
——Thermal Degradation by a Batch Fluidized Bed
I. Tamura, H. Nishizaki, T. Araki, S Mitsui,
M. Nishi*, R. Kabayashi®, H. Imai**, K. Endoh™*,
*National Chemical Laboratory for Industry.
**Hokkaido Univ.

Synopsis

The pyrolysis of polyvinylchloride (PVC) in the fluidized bed has been studied. PVC fed
to the reactor heated to the temperature range of 310—3530°C was dehydrochlorinated rapidly
due to fast heat exchange of the fluidized bed and yielded concentrated hydrochloric acid and
black colored spherical residues. The reaction rate was mostly controlled by the temperature.
The reaction was accompanied with the partial combustion of PVC when it was performedin
the stream of air. From the data obtained it is suggested that the temperature of the reactor
may be maintained by the partial combustion of PVC without any addition of heat and he
controlled by adjustment of feeding rate of PVC. The result showed that fluidized bed process
is feasible in the PVC waste treatment. Some nature and utilization of the charred PVC were
discussed bliefly.

I, Intrgduction

For the past several years, we have carried out a series of experimental studies the car-
bonization of coal in the fluidizing bed V? and obtained the result which showed that
the fluidizing bed apparatus had some advantages over pyrolysis or incineration apparatus. To
establish plastics waste treatment systems, a fluidizing bed apparatus has, also, feasible and
practical features. It is possible to continue stable partial combustion and to control the te-
mperature in the bed.

The intent of this papér is to show the results of pyrolysis of poly-vinylchloride (PV(C)
in the fluidizing bed and to get some informations on the characteristics of operation forthe

development of useful process of PVC waste treatment.

2. Experimental

Apparvatus

Figure 1 shows a schematic diagram of experimental apparatus. The reactor was made
of Pyrex glass sized 400mm in length with an internal diameter of 40mm The distributor of
fluidizing bed was a fritted glass plate with 4mm in thickness. The distributor was made by

7‘ 8 9 1 PVC and sand 9 exhaust gas

\_] 2 hopper 10 air
3 electric heater 11 air tank

_____________ 1 4 fluidizing bed reactor 12 pre-heater
; 5 distributor 13 residue outlet
" 15 N 6 cyclone 14 recorder and controller
7.8 gas washing bottles of temperature
15 SCR

Schematic diagram of experimental apparatus
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thermal coaguration of Pyrex pulverized to the size about 100 mesh. Temperature was meas
ured by thermocouples which were located inside and outside wall of the reactor. As is indi-
cated in Figure 1, temperature of the reactor was automatically controlled by SCR (silicon
controlled rectifier) to keep a certain definite temperature.

Air was preheated by the electro-furnace. Sand or other particulates emitted from the re-
actor were trapped in the cyclone. The off-gas from the reactor was scrubbed by the couple of
gas washing bottles in which hydrochloric acid was absorbed. Standard Toyoura sand was used
as the fluidizing material. The Umfi, superficial fluid velocity at minimum fluidizing condi-
tion, was from 3 to 4em/sec NTP. The produced gas was sampled at the outlet of the cyclone

and analyzed for components by gas chromatcgraphy.
Materials

PVC used in the experiment was a pellet shaped commercial product from Ubekosan Inc.
Major properties of the PVC and Toyoura sand were summarized in Table 1.

Experimental method

90.0g of sand was put into the reactor and fluidized by flow of air (space velocity; 60cm/
sec). The temperature was held constant and PVC was maintained for predetermined period.
Then, the reaction was interrupted by lowering the temperature with addition of another 50.0
g of sand to the reactor, and by stopping air flow. The yield of char produced and residual
chlorine content of the char was determined. The chlorine content of the char was determined
by volumetric titration after absorbing hydrochlolic acid formed by the combustion of a defi-
nite amount of the char into sodium carbonate solution. One milliliter- of sample gas were
chromatographed with a Shimazu Model 4 APTF Gas Chromatograph equipped with dual FID.
3mX4mm, I. D., columns were filled with 20% squalane on Chromosorb W. The column oven
temperature was programmed from 30°C to 130°C at 10°C/min. Nitrogen carrier flow was
60ml /min.

The quantity of sand attached to the char was measured using the sieve. When PVC was
dehydrochlorinated thermally, it was observed that the volume of PVC was tended to swell.
For the measurement of bulk density, the char was took out from the reactor immediately
after the reaction was stopped, and cooled to the room temperature. The bulk density was
measured with messcylinder after one minute’s tapping. The bulk swelling ratio was calculated
as follows., The bulk swelling ratio=(Bulk of the char including sand on the surface/Bulk of
PVC before the decomposition) X100

3. Results and discussion

The thermal decomposition and temperature curve in fluidizing bed where the reactor
temperature was set at 350°C. PVC feeded into the reactor swelled within about 30
sec. Its color tended to turn black and considerable amount of sand was attached on
the surface. In the period from 30 to 120 sec, almost all of chlorine contained in PVC
was emitted as hydrogen chioride gas. After 120 sec, PVC was turned into almost
spherical char and floated up to the surface of the fluidizing bed.

Figure 3 and 4 show the effects of temperature and reaction time on thermal de

composition. In these figures, the time zero represents the time at which PVC was feed-
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ed into the fluidizing bed heated to a definite temperature. Figure 4. shows that the
yield of the char takes almost constant value of about 60% when the reaction tem-
perature is 350°C, where the reaction time is ranged from 1 to 8min. This indicates that
in the experimental range of reaction time, the yvield of the char is less effected by the
length of the residence time in the reactor at about 350°C. Accordingly, it is suggested
that a rather stable run may be expected in continuous operation, when the 60% yield of
the char is wanted.

Figure 5 shows the effect of reaction time on thermal decomposition at 450C. From
the figure, the principal stage of dehydrochlorination is seemed to be completed within
2 minutes. After this period, the char was pyrolyzed and began to burn and to pulverize.
No residues were observed in the reactor after 6 minutes of reaction. The aspect of de-
composition at 400C was similar to that of obtained at 350°C. Irom the data obtained, it
may be considered thatit is possible to continue a stable operation of partial combustion
without any addition of heat from outside, when PVC is processed at 450°C.

As described before, the .thermally decomposing PVC tends to have sand attached on
its surface. Figure 6 shows the weight of sand attached on the surface of the char per
unit of PVC at various reaction time and temperatures. If one aims at utilization of the
char as industrial raw materials, the separation of sand from the char may be impor-
tant. As shown in Figure 6, the char obtained by the reaction above 310T had less 10%
weight of sand on the surface, but after cooling to the room ‘temperature, the sand was
separated easily from the char by screening. Therefore, in order to decompose PVC with

the purpose of obtaining the char, the optimum processing temperature range is consid-
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ered to be from 310 to 350C.

Figure 7 shows the effect of temperature on the bulk volume of the char formed. It
reaches almost to 6 times of the bulk volume of PVC before the decomposition. This ex-
pansion is seemed to be caused by the formation of porous substance during the decompo-
sition. The expansion is seemed to be caused by the formation of porous substance during
the decomposition. The expansion ratio was decreased with reaction time and temperature
after it takes maximum value. The effect of residence time on the expansion ratio is seem-
ed to be less than that of the temperature. The temperature of PVC feeded was reached to
the reaction temperature in a short time due to fast exchange in the fluidizing bed.

400 500 rfleaction timel Imin
3 o 450
T %0 ; 100 /V 2min
,§ 320 : \
= 280 ~ 350 =g
KPS B <21 2 a0 /NN
2 —= G}
: LN — 5 Pan VAR B
@ 200 S 250 P —Bmin >y
5 - 2 N L
° 180 SE0C £ 20 \ \\
2 E /
= 120 o 150 ‘k
5 300’!} = 100 / S —
) 40 v — 5
S e——— : |
a 0 1 2 3 4 5 6 7 8 200 220 240 280 280 300 320 340 360
time (min) temperature (C)
Figure 6 Quantity of sand attached to Figure 7 Effect of temperature on the bulk
the char of PVC volume of the char

Figure 8 shows the effect of the reaction time on the chlorine content and bulk den-
sity of the char obtained at the temperature of 350°C. After the considerable period of

reaction the char contains about 2% of chlorine. It is supposed that the incomplete dehy-

drochlorination due to formation of inactivated chlorines which are hidden in three dimen-
tional structure of the carbon skeleton is responsibie for such residual chlorne. The char
obtained was black spherical substance, with about 0.25g/mi of bulk density, which had
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such mechanical strength as it was hardly crushed by fingers. At higher reaction tem-
perature or longer reaction time its mechanical strength tended to decrease. Its infusible
and insoluble nature suggest that the char consist of macromolecules of three dimentional
structure and that it is possible to use it as useful materials such as fillers, composite
materials, etc. As shown in Figure 9, the char is thermally stable below 400C and would
be heat resistant enough under usual condition.

A typical gas chromatogram of the organic component of the emitted gas from the reac-
tor is shown in Figure 10. Similarly to the results already reported, major components
were benzene and its homologues.

As for waxy substance which condensed on the surface of the scrubber, it was not an-
alyzed because the amount was so small. But it is supposed that this is composed of aro-
matic compounds of higher molecular weight.

The water used as scrubbing agent became turbid and nasty smelling during the reac-
tion, due to absorption or emulsifing of organic gases. Off-gas from the scrubber was not
smelling and it would not cause air pollution. However, for the further cleaning of exhaust-
ed gases, the treatment by solid absorber (e.g. soda lime) or aqueous alkali solution will
be effective.

4. Conclusion

Experiments were made on the carbonization of poly-vinylchloride (PVC) in the fluid-
izing bed. The reactor used was 40mm in diameter and sand was used as the fluiding mate-
rial. The reaction was accompanied with the partial combustion of PVC when it was pere-
formed in the stream of air. From the data obtained it is suggested that the temperature
of the reactor may be maintained by the partial combustion of PVC without any addition
of heat and be controlled by adjustment of feed rate of PVC. The optimum processing tem-
perature for obtaiming the residual char was found to be almost 350T.

The result showed that fluidized bed process is feasible in the PVC waste treatment.
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Table | Principal properties of sand and PVC

Toyoura sand PVC
Mean diameter (mm) 0.19 2.0X5.5
Bulk density (g/cc) 1.50 0.75
Specific gravity (—) 2.50 1.35
Calorific value (Kcal/kg) — 5,140
Cl content (wt% )™ = 52
Volatile matter (wt%)* - 91.2(Daf)
Fixed carbon (wt% )™ — 8.8(Daf)
Umf (cm/sec, NTP) 3~4 —

“ % ”indicates that they were measured by JIS (Japanese Industrial Standard),

M-8814 and M-8812
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Study on Pyrolysis of Polystyrene by Using Gel
Permeation Chromatography
Hiroki NISHIZAKI

Government Industvial Development Laborvatory, Hokkaido;
Higashi -Tsukisamu, Toyohira~ku, Sapporo-shi, 061-01 Japan

Thermal degradation of polystyrene (50g) was carried out under an atmospheric pressure
and at 240~-385°C in an isothermal batch reactor.

The rates of the degradation of polystyrene were determind by the change of distribution
of molecular weight measured by GPC and of the amount of volatile products. The degradati-
on was treated as a consecutive first-order reaction such as

A.l{a_9 Bi{c_, C

Relations between rate constants for the components of the degradation products and time
are
Ka=In C/8 Kc=In(1—-C)/8,
where A, B and C are polystyrene compounds, trimer like compounds and volatile products,
respectively. The rate constants are shown
below: Ka=1.72 exp(37) Xexp(—45.3x10%/RT)
and Kec=1.19 exp(39) xXexp( —50x 104 RT)(1/hr)
The ratio Ka to Kc is
Ka/Ke=0.19 exp(2000/T)
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Effect of Contact Particles on Thermal Decomposition
of Polystyrene in Fluidized Bed
Hiroki NISHI ZAKI

Government [ndustrial Devel opment Laboratory, Hokkai do;
Higashi- Tsukisamu, Toyohiva-ku, Sapporo-shi, 061-01, Japan

Thermal decomposition of polystyrene was studied in a batch with fluidized bed, 35mm
ID, at 380~550°C, in a nitrogen or an air, whose pressure and flow rate being one atmosphe
re and 2.0 to 4. Ocm/sec, respectively.

The overall reaction is of the first order. The contact particles used were silica gel, si
lica sand, serpentine, magnetite sand, silica balloon, tire char and glass beads. The yield
of oily product, amount of styrene monomer and rate of thermal decomposition of polystyren-
e are almost independent of the size of contect particles. However, different results are obt-
ained with different contact particles. When magnetite sand or silica sand is used in an air,
an oily product is formed from polystyrene in 70~80% yield, with higher rate constant and with

more amount of styrene monomer than the case using other particles.
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Polvethylene 120 248 | 226 | 473 | 14.7 | 17.1133.6(12.6(15.9(34.8]0.20|0.20|0.30
Polpyropylene obscure 1437 226 | 193 | 436 |13.6|14.0(35.812.1]13.7]22.8|0,1510.251(0Q.27
Polyisobutylene — 221 | 199 | 389 12- 10 22.7(141.8|11.1125.2130.8 21 10.41]0.37
Polyacrylonitrile ohscure 293w¥| 284w | 369 |11.2w{13.8w| 32,1 |7.83w|10.6w| 23.8 |0.12w 0. 15w | 0.25
Polystyrene obscure 302 | 279 422 120.8,20.8[62.018.7117.5(44.3(0.22(0.25]0.74
Polyvinylchloride 124 7 2821 280 | 282 |34.2134.2134.2(30.4}{30.4/30.2/0.50[0.50|0.45
Polyethyleneglycolterephthalate 229 337 | 313 | 435|20.6721.7142.8| 15. 17.2 129,21 0.19]0.25 | 0.30
Polyamide PA 6 215 387 | 329 | 447 114.8113.1112.0 1418.82(28.6|0.12|0.12|0.30
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Polytetrafluoroethylene 325 551 | 544 | 566w | 73.0 {124.0(60.0w) 43.4 | 75.4 |39.2w| 0.30 | 0.37 |24 .6u
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R,, [HF oL4 /AL [em/sec]
U,, /Nt paas e [em/sec]
U, . 23D 7 238 [en/sec]
Uy, - AV 742%FNITATE [m/sec]
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Ps L RTOHEEE | gr/cif]
Oy 1 TADEE lgr/cni]

1) b (FoF)
¢ 0.023  [wi%)]
¢-CH, 0.810 [wt%]
¢ ~CH,-CH, 0.402 [wt%)
¢ -CH=CH, 62.525 [wt%]
Dimer 4% 9.43  [wt%]
Trimer 45 20.44 [wt%)]
= i e R 6.37  [wt%]
G 100.0  [wt%]
2) R A AR
N. 68.4 [wt%]
0, 1.0 [wt%]
CH, 2.0 [wt%]
CO, 22.9 [wt2]
HO 0.6 [wi%)]
{_»cH=cH, 5.1 [wt%]
& &t 100.0[ wt %]
3) SRR [ 2E0)
H ® 0,948 [g/ni] at 25T
k& 37.0 [cl
e —40 [c]
TR 1.334 [g/cm sec] at 20T
FEE 9,510 [kcal/kg]
BREE 5.20 [wt %]
S5 & 0.02 [wt %]
K55 0.06 [wi %)
& 4 0.5 [wt %]
7 LA DG E [gr/cm. sec]
ds L RTIRINGRE (]
(B % X #)
1) P S) (b3 TEEITHESARmE (FF) 1972)
2)  PEIE) 7 B30 ” (1974)
3) =3H5) BEMEAEE 48(501]P.54  (1969)
4) FHBH) LFT¥E 6 MPIaimE  (1972)
5) B S ALE T R HISEARRIE (FE) (1973)
6) FEEEEEITR (1973)
7)  D.Kunii, 0. Levenspiel “Fludization
Engineering” Jon. Wiley, New York. (1969)
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ﬁﬁ(mﬁB?SC@M =i 'i,ﬁmﬁ%h%ﬁ& & %) @:7{7 A
EREE, 200C BBz, WARES L T,

FNENOERF o/ SR & & 12T+ 5 2
t%ﬁLTwéoL#L,Mi& RIS ORERT 180
SLIEB TR T 218G A S TR DA &
V) VER LT é}i;u\ﬁ‘L%Tm 57 EER

LTwa,

FOtimE400C £425C T3, RIS & & bioh
AHEREE & 200 CHEDEMRESE L Tw B Y, HEmE

MREILED LT, WIRKGOHT AL F ) v &
SNDEACRB A BEI I b T W 5,

SR EE4S0C TUE, IR G D H A L 4 ) V8
SOOI S S5 ICHF IR b, o, TV
) B A RISRELSAHE TR E R L 2D B
LTSI L, AV CEGLESIINMLTH A
CE{tT 32 2RLTWS

;@ij&i&%wﬁfﬂﬁkiéfw&%m
5 LR AL vy ORFLGEEBE, AT
CLYABRERE R TAOREBRNES FREOE
EBRIZER b L, ZhamAsH V) v Bo5icfEt
?5,rbfﬁ/u/m“isb 2O R LTI AL

BT 2B RN SRR E UTBRT 32 LT
3$70J®f7hr¢ LT E B,

AN TAEL v — BERS— AV B HA

200
150 -
3
= 1007
1001kg/ e
a
® iR
O 154
50 N 3049
0O 604
40 f,
30T -
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P54z, 41 L 72200C 5 D200C & TlcB i+ 5

2% 100 &4 2 BHEE & ORE & KSHEE 400 C
DEFIDNT e LTRL . KIGEM R,
BaD 200 CEASI L EWEETEHE T 2B/ £<
ZoTWT, ARG IIBALLDIIE S, T4 b
L 20 CESEF L EBARS BT A2 2R

LTWa, ZHIEHTV) SN AR AL+
BRIGD—FERTH 5,
K3 RIEEBOEL320CE9HD
FL74 rEOEIL
EIGEE | HERE | AL74>8 | 97008
400T 045 14.8 Vol % |85.2 Vol %
n 154> — " 100 U
i 8047 — " 100 ir
n 1807 — " 100 I
425C 04 4.4 Vol 95.6 Vof%
375C 057 17.4 Vol% 82.7 Vol %
. 154 3.3 " 96.7 n
#31z 2mcmﬂ¢ﬁv74/@§&TLtoﬁ
L7 4 Y ERERCER AR SIC £ <, Kok

W#E<§5tﬂ774/ﬂ‘t%ﬂbfwéoz
NEEZ2 5 <R) 7av L v ORESHER G A
SIRNIZ K> TH-- B R TWT, B5MICK
TEBRL A L7 4 5RO TkBFILEN SR
THA 5,

KBACGRA AL, Tas/ly, 752 FERS
%UI4LTT;7L%®ﬁmiﬁﬁh%u$of
KELZFLIBESNE D 572,

ZOZ ik, RIGELTHREZRBFEREETI,
HADERRGARGE®L T—REIETTE2 8
ERLTWS,

(A A 4200C ) BHEREE | (FA+200 C) &
FOERKIERENEY 70 VL VRGED—K
Bl 5 &L, x% (FA-+200C ) B D8R
TR LT, KXV T 5,

=) oy
T e k)
B RIBEMEEL 5 L,

Ax/ At=k(1l—x)

L2 5T, k=(Az/At)/(1—x)

(#A+200TC) 85 OBGEE Iz x 3 5 Bt
5, Ax/AtEEMSICEORD(Ax/At)/(1—
x) Brlih L CERT 5 &, 6 ORFRAE LN 5,
IhASMAL LI, EEEHR KIIRIGHERDO—K
el Eh b,

PELT 4 L ¥ —

BETCEPHISETCET 22 &%ﬁm% E
RHEDERE T 5 &£ 3 &, ERTHEX
tim%@mﬁmt&wmfk&%@o%bh$vo

2= 0DREVIARIGRE L &4 LT,2=0
CHEL iR 7L day b3 e, MTO
FOIRITESAEGEIEO N, ZREVEBLAE
(3 #32kcal/mo T dH - /-,
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A LR KT L, & 512k o
REEmA 7y iz RmRT 2 ehs, By oy
VVEEMREL 8 YY) iRk LERIET
ELZEDMEPICE ST,

T, RYTOEL YD ERGIZH R 5RELS
RERE ARG, H Y vk, BRI
EANG T TR LR ARE s 25T 5 &,
BERIGE U TEBCEAZLFHLSILE o,
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TS AF g 7 BER & IRk & B AR O

1 Froic

WA, EEORREIC, AEHILREEHE LT
EEROFBESEAL RAN TV S, AIFFRIZZD L
I REREEDT, BEREELLT, 7925y
THEEERE LU, WEMLRIC & B IEM RO
Az, BN, 7o/ — VRS, RUELY =
VDWW TEREIT o,

2 FE B

2.1 & #

AL, 7/ -k VAT VT e FRIEE, L
— VB, XU/ A7y 7 BERAY, HT7EIE, b
V- VEIL300, /R Ty 7 BL400 T BN RS 1
KRATEDENT OB, Thb 4 HHTAREBS
ko TEKL =,

OH
HOCH, Q»CHZ m;@: CH,OH
CH OH

CH,0H X i
LS =T
ISR Y
OH OH oH
SRT oy 7R

WiV EAE YTV, BTy Ty T ER
Ve —2Ad L Zb0eERALEDT, PV
CLtotEshkTths s, RUELE=ZVTVIE, &
HlixOXTESNh D,

>n

ce
(cm—¢—
ce
2.2 miLFHE
5 —LElE, RUELEY =YY, 2hER
100gr# , EA40"md CHLOEBICGER R BT 5 Ak

alg——, ARge (BLE)

B (BEE 600M) IcAh, TR LVEELAIFC,
FREE 3°C /min 600C 1228 L 7200 %, BEFTH
WL, EmTRImE &0l RIGIZEL T,
RVELE =) FrirownTld, HEAZ 2RSS L
THELZ, KUY =Y 7, PVConEZEg
TRETHE#MITALVESE 2L, oI L2
ROWILEBEEZ LN,

Cl Cl Cl Cl

~Eombom ol s O ertests e
I i I

|

Cl Cl Cl Cl

l +HCE r

|
C

C}ACMM

2.3 BEEEBLIURELE
B3R L, MR, & S 600" BN 388
TR ER A B L, SRR
AR RIREIF T H 5. BIGHEE L, 850°C, BRIG A
ZIKERT, RRAMHEEE, 1.5gr/mink L, BE
40g DRtz G L 7z, ‘

B 112 EREREOWMEE R L 2.

WG EE, R E BRI L OBAT 5.
BNTEREA AR EE T L D EA LR A TRE
REBAE RO LI I FOMBERET 5. KICRILY
B0SCAEDIRIEER T TRIRS ¥, ZORLL
BAIBEUKERITEET 5, U TR, SR A
CEUE DR T, BENREEETIE RIFA T L
m kT FHSRRIC M E1S5 2 L K S,

2.4 BEHEOHRBRE
9.4.1 AFLyITNV—NER



1) wRgtao

8) B EiEn

2) # T o 9) ZAFA4 5y
3) # 2 o 10) JkES LR
4) BIEETFE 11) A& L3R
5) BREHIfas 12) = b
6) 8 K 4 13) 234 %2
7) # #L

X1 E9RBRGEREEE

AF L TN —EE ORI, JISKI470 [z HE
U7z BRAHO. 2g12iRRE300mg /¢ D A F L ¥ 7 — &
BOBUEE AN, 305EE I #, HREEICE
o TWEBESMp 12 1T DU E % 5K D FRIFIEE L 0
WHELTREELROmg/gl k- TEF L/,

2.4.2 Pibkim

SEIMEFBSA—2001 & V) VR ZEREE 2B T 5
EROWEERGE RS, B.E. T . &L REHE
BMeERLL -,

3 FERBIUESE

3.1 E{tHoi
2.2TITh o7, ZBRBO600T I2H 1T 2 5L
DIEER, BTIZRL 7,

1 FAHORLRMAtENE
# ¥ BAGRE(C) IE(%) FHER
71 —1(R) 600 68. 66 N,
71— (N) 600 53. 00 N,
FEE =) 7y 600 66. 00 N,

(R)Ly—nEl, (N)/ KTy sE
TI/—-VEIETIHE, HTEOKEVL Y-
A, ARGy ZINCHIR L TR R 2, B
DFRAGBFE TS E LRI h, L -1F6 5
FAERCH), RDBIGIEROMERE S EEIZER 2T 4 -
7o

RUEE =V Ty, 70/ —VREE & s
EBER L B A, 72—, L —LE
IZEDEWEERLTWS, ZORBEZTFTOERT
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, BHERY ORCPNELERAEERL TV,
KT RO 3R oW T 600 Clz g 1 A NEE
EfEEROER, 7/ — LR E{EHIE100~200
i GREDOETS 5Dk, B = 7y
o', 980n /gb DRSS EERE R T & A5, Rz
AL REd T, MERRh (WiE. 999), =
2 2100cc/min, FE3E 3C /minD T, 200~
1000C 12 3515 2 LR AL O NS KR & SR eb 7=
2122 0&FE 2R 72

1000

PR G/ gr )

200

Q 1L 1 I 1 1 )
400 500 600 700 800 900 1000

FAGIRE (C)

RUBLEEZUF o OR{EREE
RERZR IR O RR

X 2

T K B & FRALERE 600 C O AT NS ST
#7980 /glZ & #A L, 700~9007C TIEIE1100 0 /glz
beY, B5121000C T, 14500 /gd, 229k
EREERole ZOIEHSHTFRLSAFRED A
FTLYTL—EERE, FhTNORIIz 2w T
KDL ZA Iy RERL, EREETH-
Fro THE DRI, ISBAREDAFL Y TN—5
FARET 52 & PR O IEE I £ ¢ 177
TEELEILNDN, EEICHERDS ZELTEH
N, SREBROBEICE S THFEHNAEE S BT
SHDHPERESN AT L2 EH L 7,

3.2 HioH

HZ10~300A OMILEBE T 3 720, HIAZSEE
FIIH 2 EEBERL RS, PEEEAFLERD
BA%E > 5 Cranston-Inkley D 2 A L TR 5 2
HIEICER L2, B8, A4y v#s oA
FTRE A S A N

2.4, 27T, ®REE = UF A, BALEEELO00
TT400n /e NHETEREET 22805, AF
LY T — BB TRIBADLDABEX U, L 2
SRR & IS 48, o7, 2O AE
FISA LT/ s viTle b e 2, 10~ 300 A
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DHRFLEEIE U722 2%, 10A OBIERRE C LT
Lol ZOZERE, ZORET

Sl fifldEdbob &L 50, SBMETT
BT AEUED B, FERTH -2,

4 RIS UBRAS R

T W(/ Ry s E), 7N (LS —
VAN BEURVEC 2 T Y21 0EEIC L
D, 850C T, KERIC L NIERIT o2, ZORE
OGS AL Bg/min, #FE&E40g, & U 7=, BiE
FeElzowTiE, 2 - 3R L .
TTWRELZPVC R 5 DIEERELNTY 7
L/ VROEEE D UCBIFRERTH -, £
2IZRERER LS, A6 o7z / — VEIER
BEEMOBIKER 2 518 5 iz b @ L RZEL Losg
REBL, XHREBEARNCLIEY, u—2%
U—F ol ok g LT BNERER AR AR
T&2Y A7,
—HFRVEAY =) T, RO EmR K

x HAR A NN, EREISFVRERL AL, PLAE
BEREO L) SR & -2, TREDOMER

T aEERZESIZEEE o,

£2 RESBER

Yeild{%) S /g) MB{mg/g) tha8507C (min)
TI)=NANLTLFR R 44,40 1521 261 50
BWE s, K3 v2
T/ —ERATLFE R 14.67 1414 310 44
MLV —
RVE L=y 7 26.00 980 250 50

tha ! fVGIRE (T)
MB: X F L v 7 —ssE
S IAMEREE(B.E.T. k)

(BE3XHt)
1) W.R. Soreson & T. W. Campbell
my AR EERE, BELAA
2) Ak, BFH, ZH, O{tdfaEgs
3) R,W,Crauston,FF, A Inkley :Adv in

Camlysis. 9, 43(1957)
4) BfE, ¥H, =9, Ea
JCHmE T3 RTS8 &

5) AbNliE, P370~374(1970) H A{birLst
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f1E

1 # 3

WMFERBOREMPIERS N, 500 S
BN, SESEFLAHBEICIoTHRIEDEN
T35, LAUELEETZT, BNt hbh it
RPEEIIENZ EPMENT VS, il D XD
BEIRIZE > TWA 2L, DFERMBEY, BRE bz
LA L DD TWAZ LA EELZERTH 3, Al
HEEIEMOMEIZL T, W AKRIZL > TEKRE
NELOETINCHFITLTHEYER2BESY 3R
E, WhWaTEF A Y MEEZZITAE, T
THERIRE A, 20 eh5, Bk, ERkbo
BEERM L LT, EEREVNOEEORER AT
RENTVWDIZEICHEALT, HFTC{TE-Tw5d
BE5 A ¥ OB REEMORIMMEE2 BT 5729,
BEDFEEIT > 720 ‘

Ry A xo#amike LT, EREREII>WTE,
FTTIZHLSNTWA2OTHMIST A, Byl
PREMBRTEEORSRE (BEEE) 2 Sickhil
T2 )5RREFTRL, S THET2, 20z
EiE, A4 T OELEBIRIC T A ML TSR
GBI E o TEARENER T AN D, ZHEKD
REBEEALZLOPTHLDH,. bz hif, 8
AR, RBILT oIS 6hs, Bisws
aagiziE, FEEM (FA, SifkE, Ha) 30
A, BB OBREW CH 2 HE S, BEREY
B EITEY, BHKOBSEIEL, ThF
MO L TR A G, MESEREL, B
AN 7 u A i ITKET S, 2O EH5,
BEMOT A, W, HREER, FORSZEHET
BB, FRICHEELZR AR TCVIZ L HE
EAZ 0,

AN, BT HEEED & IEEREEL Y
ME 51, HREE S (char) O FF ko BebEny 72 6
FThRED .

(99)

= 5 R MER DT

—7, ¥ B (KRIHR)
2 3 5%
2.1 EBREFOES

FEERICHER U ZzcharDfERR L, HFFICE TS,
Z Ly A X DUREEG R B C O RRR 00T, ik
UolOcm/secDEF D MRFREH Y & LU, BRAE TR
TEABESIFT 3T /mind) FEEE T, 400~700C
DENTRDRERETL DL 2ER, FAREH
MRS E 12 & D 850C, 3000 DRGSR TR L 7z,
EHEDOEEREMERA L2, &F, BHEROS
Prdl3Ebs L2 R1I1Z, Z2h o TESHELZR

=
ERS)
F1 RAPOTESE  (C0meHERE)

R (%) HREX (%) K5 (%) FERES)
R 400C  0.39 15.07 14.20 70.43
R so0c 081 4.43 15.05 80.01
K 400C  0.24 19.90 17.00
K 500C 0.33 5.78 16.00

R [ yEIRG I & B HERURE

K:BEERICL2ERFEL sIxHW (BERRIELR)

2.2 BAAYOBSBEFRALEHORME
TTIHE D s R WBES R BEB SR
&3, EMBEOEERII>DVWT, yu—<vF v 7S
EPRWTHMEIT >R 2 E 210587,

£2 7O TFvISICLIESEIRRE

BEE(EEEs 4 v) 1.816%

BlERTOER prrtil
400°C 2.48% 4607C 2.46%
500°C 2.76% 450 2.78%
800 2.66% 500C 3.38%
700°C 2.94% 700T 4.13%
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EEICHER L 2 RREC L A EB R, RvkE
PROHEEBRSETIE, SARSEEBEER L L
L3 a, A, 500C Ti330% Ll L iREE 1o &
BREAZN, Zh b, BEHCHITLIAY
FVS PHERTAEEN R IIRETHB20T,
HEE, oM EE, BlERB I, EREFIER
BEIVE, TEORES T 3C /min, HEE TS
THRTLTWEZED5 I 4T 3%,

2.8 EHEEREVIOWER

TAS A YOEGETRCIE, L2 TR
ThY, ZOZEEy A4 YEEHOUETIE, SOx
DREELELEANLRN, 54 VYHOREBOFIRE
WEELRMIFETH D,

TAyA iz, SERRT, B (Zn)gk(Te)
WME(S)zEHEEh, gECREENS L, Zn,
Feld, Bifttiz 2 %, Bl 4 4 Yehic, RE, K
FA-TEY, BREEEIE, REBHBESLTD
WTHY, BhiEdFicAhsn 3, ML, Mtgk
i3, SRTRSRT AR, BEEESLT, Bl
W EIT 5,

COWLEZEALELDE, TLYAXTOBNR
Bz, RBILT, REEH LHLER(FeS),
BALHRER(ZnS), B I URBEICHEG L, A0
T & (C—SH) &I UMEOFEETHNE,
—S—S—C—S—S—DkI4LDPrE5ELZFLED
2o TW5, SERGTFOREES ZRIZCol L
T, ZORIZEMEMILICHG L CRBIREE 2RO
3L, FORBIHL T, WS L {LERE S
U5, —HEEMOFeS, ZnSiE, RBREE D, |
PEH LI, BEBECRELITI 2L A5, FeS
WLRRBEL TRETAH,SI2E - T, LdEbsh,
WEEES A U, FeSid—Fe(OH), & % WIEBT 5,
Bi%, FeS+H,0+4+1=Fe(OH),+H,S—21+S &
b, ORI, WHEEET 5, F2HCLT,
BREDES LA UDEBR L2261, 51220
12, LiLoRXPNETT 5720, FHEZ2LDIIZ 5,
KIZT VA )RR A Uk 51F, Coo iZiHRIRE &
NEKREIFT b LLIZI05E vkl s, Zn,
Fefl13Zn(OH), 7% Y/kEE(LE & 5, REFES
DIEEL, 2OBRBRIESHPIILE - TRV,
S—S—S—C—S—S8-—S% ¥ OFERMATILRIFDS
A, aud FREA-THERETLZZLEEbNS,
—FHAND T VEOE I O, ZOEEICKS
THHEEI LAV, 20X aHERS, TLARS
RFEEm O S HIIIHYT IO LERBNTSH 5

PRD o F T, BT TORERSEN), BNHCE
BERE R OTR BIRFEEB), 7 Vb ) L (N/1ONaQOH)

BOFREBERC)EIZE-T, A—C, B—Cflis
KB, FNLORREE, E3BLUELIIRL I,

& 3 (mg/g)
2Ok i%?ﬁgﬁ%’?ﬂ 6 N (S%BH)MEU&%“E TN ?}%‘Eﬁfﬁ“&%ﬁ
300K 390.4 500.4
400K 600.0 550.0 170.3
500K 891.7 652.2 164.0
600K 910.0 880.0 160.4
700K 970.0 888.2 166.0
400R 450.3 660.3 224.0
450R 474.2 710.0 240,3
500R 320.0 697.8 279.4
700R 320.0 710.4 230.3
CAL 1,286 1,117 1,005
850AC 1,369 957.3 810.4
* TR 1,300 1.310 1.220
#A00R 10D O iEE b R (i) K (EER)
x 4
T 'éi%ﬂ%?&v()_ﬁsiﬁ?ﬁﬁﬁ A-CH B-CH
300K N — 379.7
400K 170.3 429 488.2
500 K 164.0 727
600 K 160.4 750 719.6
700 K 166.0 78.04  777.8
400 R 600.4 226 436.3
450 R 495.3 234 469.7
500 R 330.8 40.6 418.4
700 R 340.9 89.0 480.1
CAL 1.200 86.0 112
800AC 810.4 558.6 146
HEREb 122.0 80.0 90

K : [E%=E = char

R [ iw#E char

800AC (= ABS ST 5 OIEMER)
CAL MR

ZOFER D 5FE 3 T, BEEREREDELE, WE
AT AN L5 ~ 3 I L IRERE BQNLR X
<, WESPEMBTIRFASTH D, TIA)ERTIE,
WHE L 720 BB TE, TLEEME HEEE S L
LB ERIZA~B~C EEL B oTWAD,
ik ETFIE LV, 2hbsofRcxd, K,
RizowWCis, BESFTRLE, RERIKE



B EO30%LIE, MEGHFE L, PORMSIEED
R Db, BOREEROHREDIEEIREA A X ¢
B4y, RFILTA—C, B—C {Hlzx%7,
bR EACERE R, & 7 N SiRET B0,
v, Tk, THTEERICLRZ S, B EikE
R IR, KBS ) B2 4g/00 L D & FER LK
EIHABIZECTIT 7, ©
3 EE&EOHERE

ki, 500K, 500R, 500AC(500R # B} & L 7-iE
PER), THBEbIZDW T, #E100me,
10ppm @ 7K EHRS0ne R 12 A, PH6 ~ 7 TR & I

M 2hr, 24helER, BEFERIZ Lo THRIEL -,
FOSILERZRL

%, cd, cu

(101)

®E6 HgKBROBEFBBRER

* 5
Sample No cd Cu
s ¥ (%) Wemit(ng/e) RS (%) URiFE(ng/g)

500K 61.03 2.60 97.93 4.50
500R 30.28 1.29 96.19 4.42
500A C 95.38 4.06 98.80 4.55
ARG b 30.28 1.29 61.95 2.85

b KAESROMEM

EBRH

1. B 100mg

2. 10ppm TERIERIAETE 50mg

3. pH =6 ~7

. RE DR 2hr. 24hr BUEHHIE
BB RIS, 500K, S00R & & Cu ik

FRIFEHEETHY, CdTiL, 500K, Ry, A—C,
B—Cofrkswig, BFETH2, 202 L1,
TR REREN Y, WA LSS AT S
bobDeBHENE,
BIZ, ARERIZHTT B Wkt %1@6%@5%
K,500R {zow, #flso5— ZOOmUOD 4 FRRE Iz
D, ROIRLAZREIIEST, m%ﬁ%%*b
7z, WERIE, Theh, £6, iU, @17 L
ZITH, BEERE & 3B mEEmS00K iR
12k B ”%cE%SOORi L T, Mem
VERTH D, S, FATFANEEBTES
|

TR0, Ll R b B IR FIELYE O ZR S R

Sample No B & (mg) FBFRE(ppm) BEE(me/g)
25 134.01 80.0
500K 50 105.01 69.0
100 37.50 68.0
200 7.6 47.0
25 161.51 25.0
S00R 50 149.0 25.0
100 112.49 30.7
200 59.31 14.3
R4
174ppm Hgrk #5i%50m ¢
PH 6~7
B 20T

P& IIEM 2hr, 24hr MEE

Heg AN RS04

100F

f=o

~ 507 500K

£ o

;R

= 10p 0
5 n A 1 1
0 10 50 100 200

BWHFME (PPM)
I KBKBRDEFRBER

(ZE )

1) #AE, #l, B8, O{47T8E3%ER4e

2) ®N, A, ME, =3, @mEGELT)
L THEFRE(1976)

3) B, FH, =H, A{L4FELETE
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SEREME RO 5 X ORI

# B

ZRBONEIE Y, 2 OMEFTOREL R
BICERLTWS, ZOFRTAFEMIREM & L TR
MRIXFOEEFEFDO05 0, RETIZHEER
RIS A2 FETARELELZVE DN TV 5,

PESEIEME R LY, 7 OWHEAMEE T X A RHEWME D
RFAA 2 sNTw 2, FARECENER BRI
WA A{LREALEE S T 2 R 5 Ok & U
HCRXESEA A v aenBEET Ve L THORES
TR e 05,

1 % B

1.1 ZEbIUEHRONIE
REHITHEBUS R 218, BRREERELUZH
BOERITH 5 R (B & 0 EERE TE K
fLL7) 2ROBRFHETNALL 720

1.1.2 Okl

MA (JBEHRRIEEFR)MAC (JRE L REE T
R Eeooc ) CAL-K (fhlks) #25gr#
100mlY— A — iz LTy / — VEHERX T 3 VHlE
(N&HE27.20%) 10% M #50gr & MA T LR
EI3F 5, ThERBFEERPICANTREE (30
mmHg) UER RO A 2 23R &, #EROREL L

®1. NIEIIROMBEE L REORE
o R R
o> |MAaC—1| MA-1 |CAL-1] K -1
150C | 29.61 32.21 27.77 32.55
I . 18.61 19.03 15.48 18.80
800C
y=74.56 | y=76.12| y=61.92| y=75.20
i~ MAC—2{ MA-2 |CAL-2| K — 2
150C | 25.00 30.00 24.00 25.00
i . 18,55 20.53 18.27 19.40
800C
y=74.20| y=68.43| y=77.60| y=77.60

y =IH  the=#ALEIE

fAtE——, WHES,
T ' (RTH)

ST L& 5 ICH200 i+ (30mmHg) LA & fRE
T 5, B2 150 CT305 20 U THE 2t &
HdH, o & 5z 150C 52184 # 26gfE BV Ric AR
800C THERL L TERIZEH ¥ L & DT . HEHE 1T
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Research on the Reuse of Plastic Wastes by Chemical Processing
Sigeo Mitsuiaf< Mikio Morita, Kunio Hirosawa, Katsuji Ishibashi, Yoshio Noda,
Tomiyasu Araki, Isamu Tamura, Kazuhiko Niikawa, Hiroki Nishizaki, Hideo
Hosoda, Kiyoshi Saitch, and Akira Deguchi.
(Gov. Ind. Development Laboratory, Hokkaido) (% Waste Eng. Laboratory)
Plastic waste has caused a searious pollution problem. Our natural resources are not unlim-
ited and waste disposal should be redirected to waste reclamation and reuse. Our laboratory has t-
he objective of obtaining basic data to convert plastic waste into synthetic raw materials and a cru-
de substrate by means of thermo or hydrocra cking and to design a plant for plastic waste dispo-
sal.
(1) The thermal degradation and pulverization of scraped tires by a fluidized bed
Partial combustion (carbonization)in stirred fluidized bed was shown to be a feasible method for
disposing of scrapped tires as a whole. Experiments were made with fluidized bed 800mm in dia-
meter. The fluidized temperature ranged from 400 to 550°C. Air and steam were used as a fluidized
gas. [t was found that the optimum temperature was 500°C and the preheat in free board of the re-
actor was shown to bhe effective.
(2) Recovery of oil from oil sludge
To recover oil from oil sludge, a reactor of 200mm in diameter constructed and operated. In
a experiment of a model sludge (heavy oil and sand mixture) at the temperature range from 245 to
300°C, using air as a fluidized gas, it was found that stable operation was possible and the slu-
dge was completely separated into oil and sand.
(3) The thermal degradation of plastic waste
Using the thermal gravity-differential calorimeter and a batch tank reactor, the character
of thermal degradation of polystyrene, polyethyrene were investigated. Polystyrene was pyr-
olized at the temperature range from 360 to 415°C. From the change of molecular distribution
of the products, the thermal degradation reaction was treated as a irreversibie first order
mixed reaction. The pyrolysis of polyvinyl chloride {PVC) and polystyrene in the fluidized
bed has been studied. Their reaction rates were mostly controled by the temperature. Dehyd-
rochloride reaction of PVC was carried out at the temperature range of 310 to 350°C.
The reaction of polystyrene with contact particles was almost independent.
The combustion of polyethyrene in the fluidized bed was burnt completely above 700°C
at the air-fuel ratio I:1.
(4) Catalytic hydrocracking of plastic waste
Using 300m¢ autoclave, catalytic hydrocracking of polystyrene and polypropylene was
investigated at the temperature range from 350 to 450°C and the hydrogen pressure of a-
bout 100kg /cm.
Polystyrene in the presence of zinc chloride was convested into alkyl- benzenes
and the yield was about 90 wt % at 450°C.
Polypropylene was converted into gasoline fraction with octan number of about 85
and the vield was about 75 wt % at 425°C.
(5) Manufacture of activated carbons from plastic waste
Activated carbon with surface area 1400nr/g. was made from phenolic resin char.
The carbonized polyvinylidenchloride had surface of 1400m /g by only carbonization.

The scrapped tire char was found to have a good absorbed character on cupric ions.
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