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Nomenclature

K: dehydroclorination heat of PVC [Kcal/mol]

R: radius of a PVC particle [m]

Tw: treating temperature [T]

c: specific heat of PVC [Kcal/kg,C]

h: heat transfer coefficient at PVC particle surface [Kcal/mzhr,C]
k: thermal conductivity of PVC [Kcal/m,hr,C]

k’:reaction velocity constant of eq. 2 [1/hr]

r: radial distance from the center of a PVC particle [m]

t: time [hr]

¥ decomposition fraction of a PVC particle as a whole [—]

v’ :decomposition fraction of a PVC at the constant temperature Tw [—]
7: residue ratio (eq. 6) [—]

& temperature [C]

o density of a PVC particle [kg/m]

= dimensionless time (=tk/coR?) [—]
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Thermal degradation of PVC

(Simulation with electronic computor)

by Isamu TAMURA

In order to design the appropriate process for the decomposition of plastics treatment, decom-
posing process of a plastics particle was examined by the numerical analysis with electronic comp-
utor. As the decomposing material, PVC particle was considerd. The group of curves whicn snowed

77(:%%) vs. r had a envelope, and the envelope itself consist the asymptote of the group of cu-
rves. From the envelope curve, it was possible to estimate the decomposing fraction without any

caliculation in the range of time for practical treatment.
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3) H.H.G.Jellinek, J.polym.Sci., 3, 850 (1948)
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) H1k,

FHBEE, HEEE 1975, 1241.

D.Noffz, W.Benz, W.Pfab, Z.Anal.Chem., 235,121 (1968}

Pyrolysis of Polystyrene

by Kiyoshi SAITO
and Tomiyasu ARAKI

The study was carried out in degradation of polystyrene by using the Thermogravimetric

method. The experiment conditions were the temperature range of 320~415C, the sample
weight of 55~60 mg and N, flow rate of 20~500ml/min. The weight-loss and produced

materials such as styrene, dimer, trimer and tetamer were analysed, and the kinetics was

discussed.
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BERIBEEDTIS%RREE TH UL, Mo ENMET &
HhFICBDREEZSH 5 & v ) EEEOT RS
MESIDEEVIHMEZEL,

ERES
C, =heat capacity [cal/g-C]
@, =mean size of particles [mm]
d, =particle distribution [mm]
E  =activation energy [cal /mol]

E* =activation energy defined by Eq.(3)

[cal/mol]

g =gaseous product [e]
k  =rate constant for a first-order

reaction [1/min]
k* =coefficient of Eq.(1)
! =liquid preduct 2]
M, =viscometric average molecular

weight - [g/mol]
R =df/db [1/min]
K =gas constant(1.98) [cal/mol-K]
R, =reaction rate by loss of weight

method dw/d6 [1/min]
S =solid product, polystyrene [g]
T =absolute temperature [K]
t . =gas temperature [Tl
t, =bed temperature [c]
Unys =minimum fluidization velocity  [cm/sec]

1, =superficial fluid velocity(measured
on an empty tube basis) through a bed

of solid [cm/sec]
w =fractional wight=1—¢ [—]
¥ =concentration of oxygen in the

fluid gas [vels]

eny =void fraction of bed at minimum

fluidization condition

[-]
7 =fractional distillate of liquid product [—]
(-]

7o =total fractional distillate of liquid

product

@ =induction time of thermal decomposition
[min]

g =time [min]

¢ =distilling rate, 7/~ [—]

2 =bulk density [g/cm]

©s =solid density [g/cm?

<Subscripts)

a  =oxygen contained in the gas

0  =inert gas
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Effect of Oxygen Concentration on Thermal Decomposition of

Polystyrene in Fluidized Bed

Hiroki NISHIZAKI and Kazuo ENDOH

Thermal decomposition of polystyrene was studied in a batch fiuidized bed of 35mm ID under
atmospheric pressure, at temperatures ranging from 380 to 5507, with gas rate from 0.5 to 4 Ocm/
sec, the gas containing oxygen to 21.0 vol%.

The overall reaction rate was found to obey the first-order equation. The distilling rate of
liquid product proceeded comparatively to the rate of loss-weight. The result obtained was

R=dw/do=(E5+ k¥y"®)w
where R, © reaction rate by loss of weight mehtod dw/dd
w: fractional weight
k* k*: coeffcients of rate equation in the inert gas and the gas contained oxygen, respectively
y: oxygen concentration
§: reaction time after the induction period
When the y is about 18% and the temperature from 400 to 500°C, the liquid product yield was

maximum over 70 wt%.

(e T3k, 8, 219~223 (1977))
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fEREEE PS: polystyrene

A,B : constants in Eq(9) R :overall reaction rate

C:concentration of materials in Eqs(2), (2'), (4) R: gas constant

and (5) (gr/gr-Feed PS) R :reaction rate at Eq(2)

Cpso: concentration of polystyrene at initial Y;:oil destilling rate

time(g) T :temperature (°K)

Gn: Nrate (gr/sec) t,tp:temperature (C)

Gs:product gas rate (gr/sec) Uo:superficial fluid velocity (measured on an

Hu: =W(PS)/W(S) polystyrene hold up (wt%) empty tube basis) through a bed of solids
K :reaction rate constant at Eq(3) (cm/sec)
Kce: gas—liquid equilibrium constant Uanf:superficial fluid velocity at minimnm

K :rate constant at Eq(3') fluidizing condition (cm/sec)

Ws: weight of sand (gr)
Wpes:weight of PS (gr)

K :overall reaction rate constant

kg:styrene monomer liquid-gas transfer

coefficient X :weight fraction of reactant converted in feed
Ku:condenced rate constant Y :oil vield (wt%)
K;:styrene monomer liquid-liquid transfer Z :pre-exponential factor in the Arrhenius
coefficient expression
Ks: polystyrne decomposition reaction rate a : liguefaction fraction
constant & : reaction time
Ko : oil distilling rate constant 7 - fractional distillate of liquid product

Lc: height of fixed bed (cm)

M, Ms - styrne monomer constants {(wt2%)

[Subscript]

. g @ gaseus state
Ms : styrene monomer at liquid film

Pn, N,density (at 257)

1 : liquid state

SEH
1) Nishizaki, H.: J. Chem. Soc. Japan. 331(1976)
2) Nishizaki, H.:zbid 1481( 1976)
3) Nishizaki, H. and Endoh, K. : Chem. Engn. Japan, vol.3, No.3, (1977)
4) Mitsui, S. Nishizaki, H. and Yoshida, K. : Fluidization Technology 1I 561 (1976)
5) Madorsky, S. L. : "Thermal Degradation of Organic Polymers” P.61, John Wiley and

Sons, Inc. (1964)
6) Japan Gasolin Co., Ltd. Report “JGC”Fluidized Cracking Process”



Effects of Operation Conditions on Thermal Decomposition of

Polystyrene in Fluidized
Hiroki NISHIZAKI, Kazuo ENDOH

For developing a converting process from solid polystyrene waste to oily product, thermal de-
composition of polystyrene was studied by the batch fluidized bed of 35mm ID under an atmospheric
pressure, at temperature ranging from 380°C to 550°C, with fluidized gaseous rate from 0.5 to
4 .0em/sec, in nitrogen gas.

The overall reaction was found to obey the first-order rate equation. The distilling rate of
liquid product proceeded conparativity with the rate of loss-weight. The result obtained was the
experimental functions of uo, Lc and Wrs/Ws at this condition, where Uo:superficial fluid velocity
(measured on an empty tube basis) through a bed of solids (cm/sec), Lc:height of fixed bed(cm),
Wrs : weight of polystyrene (gr), Ws: weight of sand that is fluidizing particle (gr).

When the conditions were 5 =<Lc=10, 2.3=Uo, Wps/Ws=0.2, 400C =Tr=5007, this reaction

process was shown the chemical reaction rate controlling.
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Hydrocracking of Phenol 'Formaidehyde Resin

Mikio MORITA, and Kunio HIROSAWA

In an attempt to dispose phenol formaldehyde resin wastes to recover petrochemical
resources from them, the hydrocracking reaction of phenol formaldehyde resin in the
presence of zinc chloride was investigated at the reaction temperature from 250 to 400°C,
the reaction pressure from 20 to 200 kg/cr and the nominal reaction time from 0 to 5 hr.,
using a 300 ml autoclave equipped with a magnetic drive stirrer.

The results are summarized as follows:

(1) As the reaction conditions preferred, the reaction temperature was about 300" to 4007C,
the reaction pressure was about 160 kg/cw the amount of zinc chloride was about
1/2 to 1 fold of sample weight.

(2) The phenols contained in the hydrocracking liquid product were phenol, 2-, 3-, 4-methyl
phenol, 2,6-, 2,4-, 3,5-, 2,3-, 3,4-dimethyl phenol and 2,4,6-, 2,3,6- 2,3,5-trimethyl phenol.

(3) Phenol formaldehyde resin might be expressed to be consecutively hydrocracked in the
presence of zinc chloride into phenols, hydrocarbon compounds, cyclohexanols,
hydrocarbon gases and water following the scheme.

Hydrocarbon compounds
Cyclohexanols
Phenol formaldehyde resin—Phenols— +
Hydrocarbon gases
+

Water
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Hydrocracking of Melamine-Formaldehyde Resin

Kunio HIROSAWA and Mikio MORITA,

In an attempt to dispose melamine-formaldehyde resin wastes to recover some useful
industrial raw materials, hydrocracking of melamine-formaldehyde resin in the presence of
nickel oxide was investigated at the reaction temperature from 200 to 450°C, the reaction
pressure from 40 to 180 kg/cnr and the nominal reaction time from o to 8 hrs, by using a
300 ml autoclave equipped with a magnetic drive stirrer.

The results are summarized as follows:

(1) Hydrocracking of melamine-formaldehyde resin started at the temperature of 200C and
produced methane and ammonia above the temperature of 300°C. This reaction was
accelerated in the higher temperature.

(2) Hydrogen pressure was one of the most important factors which determined the
hydrocracking and higher pressure was preferable.

(3) At the reaction condition of the temperature of 400°C, for the time of 5 hrs
melamine-formaldehyde resin completely hydrocracked and hydrogen consumption was
amounted to 14 wt% of sample and 31 wt% of methane and 37 wt% of ammonia were
produced.

The experiments showed the possibility that melamine-formaldehyde resin was
effectively hydrocracked into methane and ammonia.
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F1—a 500mmg FEENEER

Exp. No. 21 22 23 24
T (C) 650 630 652 622
7, (C) 490 450 442 430
Us air (e/s) 7.2 7.0 7.0 7.0
Vair (Nme/h) 50.9 49.5 49.4 49 4
LPG (Nm /h) 1.14 0.98 1.05 0.95
Fos (kg/h) 33.3 33.3 27.2 31.1

Vou (Nm'/h) 46.8 46.1 46.8 47.2

o

=¥

o
g
=
xR

(wt% o (wt% 0
of T) (mol% of F) (mol%

- 83. — 82.

(mol% )

N, 85.9
0, 7.6
CO,
CH;

[y}

DD W
L
(o]
=

oo | w |

0il yield (wt% )
~N v
P = >
IF NN
A F v v
Dimer

Trimer

= )

R =R=

- T od|lon

o FE R | Do~
0

oo od|— o

o w oo | = o |

Coood|ow

.2
5

o

3

}40.1 }42.2

—
SV
3
~3

—

.
o
g

Total

(o))
—
e}

94.2 89.1

&®1—b 500mm¢ SREVE LR

— 240 —
520 490 470
Us air (¢/s) 3.9 4.6 5.7
Vair (Nm/h) 27.5 32.5 40.2

ps (kg/h) 19.4 8.0 42.7

Exp. No. 26 27 28
)
)

F
Vout (Nm:/h) 26.4 30.6 40.0

(wt%% {mol% ) (wt% (mol% ) (wt?%

N, 82.3 - 83.3 - 79.4 -

0. 5.1 5.6

CO, 8.

CH, 3

ZF v o»
HO - - - - - —

01l yield (wt% ) 64.4
~N v 1.4
| P S 2.0
IF LB 0.8
z F v 29.0
Dimer
Trimer 31.2 30.8 38.6
= b =)

Total 74.0 890.6 92.3
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#3 HEAM®E
= 8 F R sz}
Frt A - ¢ 140,000F [
W Ege 9,310ton/ £
2—FANF =R
&, 77 (8H/kWh) | 70KW 4,435F-M/
WO Ak (5HE/m) 25m'/h 990
b # - (i)
A & (5,425)
B = B
OB H(250GM/4) | 4A/HX0.5 5,000FW/F

B & # (BLO3%) 4,200
EEF9%IEH), 10%5%) 14,000
AR - (R0 (2%) 2,800
H OH ' (3%) 4,200
W EF (5%) 7,000

ZIs #t (37,200)
WEEAF (A) 42,625 F /£

BE7 Zton H Y

18.45FH/ton

BT (B)

(75wt %, 25M/kg)
43,312 . 5F /%

#RERZE (B-A)

687.5FM /4

BE7"7 ton %)

300M] /ton

100 T
oS ©
Qi
E
= sp O irtLPGOMl J
= A air only oil
[7] 150mm ¢ air only oil
® :ir+LPG, Gas
A air only Gas /
Gas, o !:—z"
N Py A
& 0 500 525
ty (T)
4 500mmg DR E
R2-a BN (RERH)
Jid #H 0.948 (g/m’) at 25C
51k & 37.0 (C)
WoOoEy & —40 ()
*h MR B 1.334 (g/cm-sec)at 20°C
¥ = B 9,510 (kcal /kg)
®oOR B 5.20 (wt )
S a 0.02 (wt %)
Ik o 0.06 (wt %)
K o 0.5 (wt %)
R2-b BRANZAFLOBHSBROAADBBRABRER
" H &
WO ({/hr) 290
sN—FHIHE (kg/em'G) 3.2
NP HIERE (kg/cmG) 4.0
R (C) 40
ARy 72ES (mmH,0) 52
FRIEH {mmH,0) 3
Fov— ERETR (mmH,0) 350
7o —BHE 3.4
Co, (%) 12.0
7r—LE& {m) 0.8
VAR < (m) 1.2
1% % B BT

3 150mmpEERIZDOWT

RIDEBFRIZLHZ LI
WET 5,

THEERRD LI

(CeHg) > nCsH

CsHg+100,~>
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, W) AFL D
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(2)

Ty
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o

r—~——'mn,,
m

Mg, MCH,,

0, M CoH,

— H, #48%

150mmep (X 2 3 EETI
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&4 150mmg OTFERE, T FLE—-TE
£ B & H % 1l fh xR L Ry
. Flke | U, Vv e{= 0
TEC) lpsih) |tends) | (/) | Cang | Moo | mon | AMo |, gy | HCH, oo, | mHO | Y] @
1| 40| 25| 20| 126.4 64| 0.493| 0.136| 0.357| 1.857 5.8| 0.964| 0.288| 0.144| 0.040| 0.104
2 400 1.9 6.0f  379.1 421 1.945| 1.250| 0.695| 7.319|: 13.51 0.931| 0.552| 0.276| 0.060 | 0.091
3| 460 28| 4.0 2527 72| 0.880 | 0.432| 0.448 | 3.310 10.3] 0.955| 0.360| 0.180| 0.061| 0.116
4 460 1.4 2.0 126.4 64| 0.880| 0.486| 0.394| 3.312 11.6] 0.961| 0.312| 0.156) 0.051| 0.112
5, 480| 3.1| 4.0| 252.7 67| 0.795| 0.488| 0.307| 2.990 12.9| 0.969| 0.248| 0.124| 0.051| 0.120
6 480 2.3 2.0 126.4 70 0.536| 0.250} 0.286| 2.016 9.8 0.971| 0.232| 0.116| 0.047| 0.118
7 460 1.9 2.0 n 81| 0.649 0.411 0_.238 2.440 3.3 0.976| 0.192| 0.096 | 0.047| 0.123
8 430 2.14 2.0 L - b6 | 0.576 0..428 0.148 1 2.167 15.6| 0.985| 0.120| 0.060 | 0.043| 0.128
9 400 4.2 2.0 " 84 0.293 0.228 | 0.065] 1.104 16.3| 0.994| 0.048 0.0Z{L 0.037] 0.131
10 460 1.56 4.0 252.7 44 ;_1.579 1.075| 0.504| 5.942 14.3| 0.945| 0.408| 0.204| 0.061| 0.110
150mm ¢ =Tl A, &D@Eﬁ?éi}%ﬁi[ﬁﬂ“ﬁ
LTwhnie, B5—an7axaliaXcsn £5 ITrILE—REXOHE
ﬁﬁ/&é" . ) Cpo, =7.67kcal/kg-molC, at 327C
HElzkTb, KDL IRREEE . B
i \ Cpv, = 7.20 i

1. #4~—, P)=—, @HARsTET~TE/ Cpco, =11.31 I

>— &+ LTk, Cpon =0.65keal/kg-C = Cp
2. ), QAo ZITERL T wET S, Tz‘;p =144°C =417°K

. = OA2EIZIFITEL %, 4 ‘
3 )‘Dﬁiéﬂ“ﬂ iui ;0%?) é;; AH, =21x417/104 —84.5keal /kg

U EnED &, mERXIZ 1} 7 Ly

Q. =1,051,960kecal /kg-mol

E2F 1L v E® e —CHy D KR L OBRR, 2) #

BEPREL BEOMENMBABNHEZ1TI .,
B®5 25w T Ml EE lke-mol D b & RFED
ENET, BNRAFL>OE/ v—BAEEREL L

PHEAITIE 8 Th D, My, BERRIKEND ELHT
4E%b, MH Mozﬁifﬁtkl'ﬁ*@ E#L 1 kg-mol

L) NEBEBLUBEOTLHTH S,
W G M b0, LG, VL 1L 2 FLEE RS S F kg —mol
W b) zESE B, REE AR, K, AF L > O HEpkg-mol
ks, 22T, me=MxneT 5, T, T35 M
S5 ECHRBEBRE(C), H,, Hl:EEDmMEME,
#IBL & (kcal) TH S,

My,, Mo,

Mk, W%, KENTLERZHAz RN LI
<o o
0, . Mo—mo=mco,+1/2mup (3)
C: M. = co, T 8M ¢, {4)
Hy! My~ =mMuo+dmaen, ' (5)
(Mg, —mg, ) I3 HERFR R TAMy, 2 5 %, (3)~(5)
b Mmen & DBIRERD D LR LD D
AMy, =10(1—mey, ) (6)

m o, (kg-mol £ ./ = —/kg- mol -PS)
=elkg-® / =—/kg-PS)
TH-T,

¥ =10,115keal/kg

kg mol Oz ) __V‘ : (Nm‘02>
AM,, (cg mol-PS Vo, kg-PS

L l(g -PS ( N me
(kg mol - PS) 2.4 kg-mol O2

THLmH6)RE kN L |
Vo, =2.154(1—¢)
3.2 TIVHLE—.nR5LR |
BRI E () BfEE N 2 LV E—FEHAK
B B2, = LR (E)~(5)hIe L 7t TR B &
(a+f+w) = (et+y+0) (7)
b, o 3EBRAEAE TR ERL T VIEE
Cide =10 b, BIERRHREAEL ) NDETH
%T$%%Tiﬂ=0,w@ﬁ%#b@%ﬁ%%%
HKBMBTH-» TEBMBRL T20RAKET 5,
e IFRTH O M SRR, |y R TR
WREHE, O IMEERTRERE=I/Q
Q,=1,051,960(kcal /kg-mol -PS)
L7zhis TwldXRiZL > TRDHLHILD,
w=(e+y+d—1
eI BRBREOMME) X X

b,
(6)

(7Y
(6) A5, 6130.10



x£6 500mmgp OFEFRITEIINE—-IRFE
26 27 28 29 21 22 23 24 25
Mo, 1.382| 3.961| 0.918| 0.805| 1.490| 1.449| 1.771| 1.549| 1.715
Mepn, 0 0 0 0| 0.159| 0.137| 0.179| 0.142| 0.172
mo, 0.322| 0.994| 0.061| 0.044| 0.496| 0.366| 0.535| 0.423 | 0.192
AM,, 1.060| 2.967| 0.857| 0.761| 0.994| 1.083| 1.236| 1.126| 0.523
Vo, (Nmi/kg) 0.228 | 0.639| 0.185| 0.164| 0.214| 0.233| 0.266| 0.243| 0.328
iy, 5.180 | 14.882 | 3.453| 3.028| 5.605| 5.451| 6.654| 5.827 | 6.488
Mo, 0.550 | 1.634| 0.665| 1.104| 0.411| 0.546| 0.775| 0.761| 0.943
mey, 0.246 | 0.249| 0.170| 0.089| 0.013] 0.064| 0.024| 0.035| 0.084
mea, 0.901| 0.765| 0.896| 0.862] 1.000| 0.975| 0.967} 0.954| 0.936
Mo 0| 0.442| 0.076| 0.374| 0.61 | 0.52 | 0.80 | 0.68 | 0.78
y 0.059 | 0.097 | 0.049| 0.053| 0.07 | 0.062| 0.07 | 0.063| 0.071
e* 0.84 | 0.765| 0.856| 0.862| 0.893| 0.888| 0.898 | 0.894 | 0.880
V{CH,) 0.053| 0.054 | 0.037| 0.019| 0.003| 0.014| 0.005| 0.008| 0.018
) 0.060| 0.088 | 0.060| 0.068| 0.07 | 0.07 | 0.07 | 0.07 | 0.07
Vo, 0.331| 0.430 | 0.313| 0.325| 0.285| 0.274| 0.27C0| 0.272] 0.280
B 0 0 0 0| 0.036| 0.033| 0.043| 0.035| 0.040
e¥12(8) X b HERAE
EEL, 7 DEBEL L Bmey, My F LR Meo,= Vo (Nme/h)((CO,)mol %)

b, =8(1—mgy ), muo=4(1—mcy) LT
FTETL, BlEEs L UTRESR4IZTEL,
RIS A, W, Ko bilio Twb iz,
¥ =(Ygact+ (Poil+ (Mot T 5,
(7) gac=(Cyn, My, +Cpo, Mg,
+ Cpeo,Mco,) @—T,)/ 6y
{7)oil=mgy | C pi(Toy— 1)
+C(T,— T3) + AH,} / Qe
{7 o =(18/104)my o (1) (100—T)
+540+(0.5)}(7,—100) {/ Qg*
ZIZTRECUERERRS ISR 2, (7)) R
Boil7zy BLUP o (=Q)xR4IZRLI,

4 500mm¢p FEERIZDULT

41 ZEROADOPIELICLZES
RIS Etly 2o EFoCH 2 LT
WhHA, ZHEFEEIZAILTCITHNE S &), CH,
CONFEMHL ey, & myo B HEET B,
C 1 Mg =mgo,+ mey, +8mey, (3

)

021 Mo, =mg =mcq, +1/2my (4)
Ha . MHz:mHZO +4ngHs +27nCH. (r)i
Moy, = { Mg — (Meo, +micy )| /8 (3r

(3)" &(5) 1L AT 2 &,
Mo = Mu, — 4 Meu— 2"y,

Myo =1/2(2My,— M +mgo,— 3Mmey, ) (5)"

1
X (22 IN m-/kg-molCO)

N Fkg/h)
* 104(kg-PS/kg-mol - PS)

Mey, b Mgo, & FERICFTET D
BEES LU L) RO HEEESLREICRL
72,
IYINE—NT 2 kR L7 D2
VI(CH,) (Qcy,/Qu)
=0.3279(Q3/1000)(1— (e + y+ &)
IIT a=1, =0, w=0sB0", Qo /Qu
=3.12THY, Lir-TkRAE1 5,
V(CH,) =1,063(1—(e+y+8)
(7) gas = {Cpy, 1y, + Cpeo, - o,
* Coco, Mco, + Coon,  Cond (Ty— 1) / Qs
(7 oil=1Cyy e (T,—T,) +84.5¢}/Q]
(7) wo= (18/104)my o | (1) (100— T,)
+540+(0.5)(7,—100)} /QF
C,,CH‘=12.6kcal/kg-mol"’C, at 327C
(8) K 5 IRKRE G I F0.07 31T 5 (K6 ).
ELLEEBERRV,, Nm/kg)nRid kR 25,
V02:0.556+1‘658(7+5)-—V(CI—L)
X{0.44)-(0.495)¢
QRIz LNV, 46 1R L 72,

(8)

(8)

(9)
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@ A ER(ESR)
R
@ (0~
A EH(EF TR
| _RE:
4] 1 1
0 0.5 1.0
Vo, (Nm/kg-PS)
6 HONE CLEMEEOMR
4 -2 FasvHEAIEEALLSS

7oty OB ADEXIE NS,

C;H; +50,=3C0,+4H;0
T aos el L TIREIBIZEAS R
5754, ZoBBXERS —bIZRLZ,
TEHEMZ i ‘

C @ Mc +3Mqy, —=meo,+ ey, +8mcy, (0

0, Mo,—Mp,=Mgp, +1/2my 4 ()

Hy: Mu, t4Meg,=myo +amey,+2mey, 1)
Y h, 4 1B LRI L Tmen, B & Umy % K
TEEGICRL, § =007 LTOXEHW T, &
ZOBRI RS LN D,

Vo, =0.556+1.658( 7+ 6—f)

— V(CH,) (0.44)—(0.495)¢ (13)
IR RBAOAANBMETRATH S,

B=1{Cpo, Mo+ Cpx,» My + Coc i, M,

(T:i—T,)/ Qs

Cpcn, =37 .1keal /kg-mol, at 527°C

Cpo, = 8.1 y i

Copy, = 7.5 n ]
@ L DB L ERRINORL I, AE» LA
5 REIEHICCH & 0,3 AAT 5 HVERDAD
ALV ETVLERZERSLL (LD,

LlEn#R% Vo, (Nm/kg)le DBIFRE LT, F &

HTEB IR L7, 1200mme FEENE HERE (357
DiEY, FOEIFFEEIALL T d 5, Bl o

SHED S L b b Lo, TkESA (CO, H,
~Cq) PHEHR L kBRI L 2 REATHE I o T
WEZrickBEELLNLD,
FY) 2F L DGEIcOTIRE) R L bV,
em%%bimﬂiﬁ%kﬁzbﬂ%o

F7 1200mm¢ HEDBIRAER
B E £ # o #
A E, BV 190Nm/h | W HE 1621/h
v—=)H 5 n W EE 0.95g/m/
. B ¥ #F 76wt%
BER 1) 21 213kg/h o
CmEg BRI ke/h mol%
SRR 4901 H, 0.09 0.5
Ziﬁﬁé? N e N, 193.5 77.4
PR m B 530C CO  16.25 6.5
HEREBRER 0, 1.14 0.4
0,=195X0.21/213 CO, 43.71 10.2
=0.192 C, 1.43 1.0
C, 5.45 2.2
C, 2.62 0.7
Total 99 .0
C. 0.06
Cs 0.76
C, 2.10
Cs 1.64
Ce 1.94
C, 0.84
Ce 0.18
B 1.42
T 2.82
E.B 0.08
0-X 0.02
sty 1.22
Total 13.24
5 # B
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L ADRIER R L2, EBREIC & D%EWiki
PHNE =T R DOWTHEEL, LEEER
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EHTER, RIVAFLyE2ELHOMOR]) =—D
S DNTL, MaREL BT 22372620
CEI 7V —K—F (KB L) TokiL=
—&%Mﬁt:’~wi5“&ﬁtf L% b 7%
v, 1200mm@ Te A% Vo 1% L A% Clizoid, 7 ) —
n—kfm_iﬁﬂﬁf_;é%mf%%vo

# 2
WO, RPE L EHBCHTNVMBET S - 25
W T FW I = H KK (FIR 3 7k ) tiEky
%R KR, R ARFELEAMBIIE BRI,
HFEFFEE AT 72 AHER I B e L E T,



ZE2xM
1) PHIFEEM, GREE, BATELE 2F, Vol.26(7),

33 (1974)
2 ) EHKE, LFETH, 29, 286 (1965)

Pyrolysis of Polystyrene Waste by Partiai Oxidation in Fluidized Bed
by Hiroki NISHIZAKI

This is the basis of feasibility for partial oxidation processes of polystyrene wastes by an
air, which can be operated without heat supply. The study was carried out in several kinds of
fluidized bed reactor, 15, 30, 50, 120cm ID. The results concerning analysis of gas and liguid
products, material and enthalpy balances was discussed.
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APP feed rate {(kg/sec) 5.78X10"4 5.56X 10" 4 5.56% 10"+ 7.22X10" 4
Product yield (wt%) (vol%)  (wt%) (vol%)  (wt%) (vol%) (wt%) {vol%)
01l 85.21 80.65 75.19 51.73
Ci~GCs
CH, 0.25 (0.8) 0.32 (0.9) 1.48 (3.7) 1.74 (2.2)
C,H, 0.44 {0.8) 1.10 (1.8) 2.59 (3.7) 4.02 (2.9)
C.H, 0.48 (0.5) 1.18 (1.5) 2.48 (3.3) 2.52 (1.7)
C.H, 3.66 (4.4) 7.70 (8.4) 13.01 (12.4) 16.40 (7.9)
CsHe 0.17 (0.2) 0.39 (0.4) 0.44 (0.4) 0.65 (0.3)
CH, 0.89 {0.8) 1.71 (1.4) - (=) 6.37 (2.3)
CsH, o 1.80 (1.3) 1.99 (1.3) — {(—) 2.42 (0.7)
0, (0.04) (0.001) (=) (0.1)
N. (79.4) (73.1) {66.9) (68.5)
CO 1.85 (7.8) 0.68 (2.6) — (—) 1.66 (2.8)
Co, 0.86 (3.6) 2.15 (8.2 2.19 (7.3) 5.40 (9.1)
H, .01 (0.3) 0.02 (0.4) 0.12 (2.3) 0.15 (1.5)
H,O (.38 0.11 0.50 0.83
Mass balance 96.0 98.0 98.0 94.0
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No. Tem?%r)ature (cm[/;ec) (kg-feci;/hr) Ao (pfise) (cQaOl];g) My My K (Dép)

(APP 1)

400 3.0 2.27 0.836 0.0246 10710 175 260 11.99 285
400 4.0 2.43 0.841 0.0194 10350 152 228 11.81 271
11 500 3.0 2.30 0.826 0.0233 10740 194 315 12.19 295
12 500 4.0 2.31 0.830 0.0215 10710 184 298 12.08 287
15 600 3.0 2.24 0.814 0.0143 10890 143 242 12.18 269
18 600 4.0 2.27 0.815 0.0118 10630 107 194 12.06 256
(APP 2)
21 450 3.0 2.08 0.829 0.05589 10680 331 686 12.27 312
22 450 3.0 2.10 0.828 0.0332 10690 322 669 12.15 310
24 450 3.0 2.00 0.815 0.0575 10410 314 711 12.46 309
25 500 3.0 1.89 0.810 0.0416 10230 309 699 12.39 305
26 500 3.0 2.00 0.812 0.0433 10880 333 805 12.40 311
29 550 3.0 2.00 0.814 0.0543 10910 226 630 12.35 308
30 600 3.0 2.00 0.804 0.0110 10820 173 514 12.07 235
32 500 4.0 2.03 0.810 0.0338 10760 293 687 12.47 300
33 500 4.0 2.75 0.810 0.0338 10600 311 687 12.44 295
34 530 4.0 3.57 0.806 0.0198 10790 297 712 12.45 285
35 565 5.0 2.00 0.812 0.0147 10880 229 495 12.19 266
38 640 6.0 2.60 0.819 0.0126 10790 141 438 11.88 239
APP 0.811 11050
* 1 =50 (122°F), **doil=15.6C (60°F)
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Oil Recovery from Atactic Polypropyene by Fluidized-bed Pyrolysis

Hiroki NISHIZAKI, Mikio SAKAKIBARA, Kunio YOSHIDA
and Kazuo ENDOH

-Pyrolysis of atactic polypropylene (APP) by means of fiuidized bed was studied. APP was
melted and then fed continuously into a bed of 110mm LD. where sand particles were fiuidi-
zed by air. Temperature of the bed was sustained enough by partial oxidation of APP in
the range from 400°C to 640°C, and APP was decomposed to gas and oil.

The yields of gas and oil were 7~36wt?% and above 50wt%, respectively. Physical prope-
rties such as viscosity, heat of combustion, boiling temperature and molecular weight of pro-
duced oil were studied with relation to operation conditions of fiuidized beds, and it was frond
that oil can be reutilized as a good substitute for fuel oil.

(HAfLE 48, Nol2, 1899~1906 (1977))
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Study on Distributor of Fluidized Bed
by Kiyoshi SAITO

The effect of fluidization was studied on measuering the pressure vibration at the
distributor. The expelimental apparatus were consisted with the polymethacrylate tube of
200mm ID. the nozzle of the distributor of 4,6,8mm ID, and diaphram type differential
pressure gauge. The fluidized particles were used alumina cement of 0.29 mm dia,
Umf=10 cm/sec. The experiment conditions were uo=29~40cm/sec,
bed height=80~320 mm, open area=0.64, 1.44, 255%. The results of this study that in

the fluidization most uniformity was at the open area of 0.64% independent
of gas velocity and bed height.
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