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SUMMARY

I. Title

A Study on the Elemental Technologies for the Environmental Friendly
Treatment of Polymer Waste

II. Objectives and Significance

1. Development of optimum dechlorination process and the selection of operating

conditions(dechlorination efficiency : over 90%)

2. Security of preparation technologies of cracking catalysts using coal fly ash for

the pyrolysis of olefinic polymer waste(cost : below $5/kg)

3. Condition analyses of surface improvement and technology development for

controlling carrier gas in the reactor for coking control

4. Condition analyses for oil recovery from thermosetting polymer(FRP, phenol, urea,
ABS) according to hydrogen donor solvents(oil yield : over 80%)

5. Developments of optimum pyrolysis system for recovering oil from thermosetting

polymer.

II. Contents and Scope of Project
1. Reactor preparation and recovery tests for increasing dechlorination rate (chlorine residue in pyrolysis
ol : below 0.05%)
2) Synthesis of cracking catalysts using coal fly ash and its pyrolysis application tests (level
specification of pyrolysis oil : commercial diesel grade)
3) Tests for surface improvement and technology development for controlling carrier

gas in the reactor for coking control (Continuous operation time : 48 hrs)

4) Acquirement of treatment conditions for pyrolyzing various thermosetting polymer
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3.

4.

IV. Results

. As a result of physical dechlorination experiment using the 1lst and the 2nd screw

reactors with counter current type, the dechlrorination rate was more than 95%

under the condition of over 290 in the 2nd reactor.

. The main factors affecting the dechlorination rate were temperature and viscosity

which have the interdependent relationship. When the operating temperature is low
and the molecular weight of sample polymer is high, the viscosity goes up
consequently and on the other hand, the dechlorination rate comes down.

The synthesized catalysts were developed as a cracking catalyst for the pyrolysis of waste
plastics by cation exchange after the synthesis of zeolite from the coal fly ash: The
performance test of those catalysts were done by the magnetic suspension balance(MSB) and
the simulated distillation gas chromatograph(SIMDIS).

The cracking beginning point of most synthesized catalysts was low by more than
90C in case of no catalyst. On the basis of boiling point distribution of pyrolysis
oil prepared by synthesized catalysts, the pyrolysis oil from LDPE corresponds to
the level of 85% and that from PP to the level of 1009 of diesel oil.

. For the coating material for controlling coking, CrN was more effective than any

other materials. The coking formation weight was low by 80% when compared

with SUS 304.

. The cracking rates of phenol resin, thermosetting plastic were 49.6% and 33%

respectively when they were pyrolyzed at 450C in case of using diesel and PP as
a hydrogen donor. That of urea resin was 38.6% when diesel was used as a

hydrogen donor.

V. Recommendations

1. Promotion of Industrial Application of physical dechlorination technologies to

energy utilization facilities(portland cement factory) of waste polymer

2. Acquirement of operating conditions for continuous physical and chemical
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dechlorination apparatus (target of residue chlorine concentration : 0.02%)

3. Accomplishment of synthetic zeolites from coal fly ash and natural zeolite to be
able to pyrolyze PE and to make the pyrolysis oil with diesel grade

4. Acquirement of data base of pyrolysis operating conditions for coking control

5. Manufacture and application tests of model reactor for coking control

6. Acquirement of data base of pyrolysis conditions for increasing the cracking yield

of thermosetting plastics by using low price hydrogen donor.
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<E 1-1> #AZg2Ee &8 54
¥ B PE PP PS PVC
H] & 0.91-0.97 0.90-0.91 1.04-1.1 1.3-14
B2} [~CH,-CHa-] ~CH,-CH- ~CHz-CH- -CH,-CH-CI
T x n CHj n n Cl n
G238 |random¥E3 | random 3l s e s
HNedd g3 &2
& |radical A°]| radical #e°] s e
e o0 400C 370°C 17230
2T 22}:400°C
o = 10
11,040 11,040 9,680 472
(kcal/kg)
o1 1 g A7 Monomer,
E’{Eaﬂ -
Paraffin, | Paraffin, Olefin Dimer, HCl, W&
A3 E
Olefin Trimer
<E 1-2> Zgt2go B4
=0 o3
gdad) wd | ) F9E (RAeR] 2ad °,;;j
o %% |(cal/gT)|* (calg) | (C) | (calVg) |~ -
A : (cal/g)
PE 0.55 137 38 335 450 78 353
' < — (4507C)
PP 0.46 176 57 328-410 76 312
’ (4107C)
PS 0.32 - 0 300-400 101 223
' | wooo) |
PVC 0.2-0.5 - 200-300 50 106-199
o (3007C)

(28 1-2]= d8s8 o999 ®BAad Bxs vy AddH v JEF§lo] dEd
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ABSE ZAl#o] @o] uEhdrh o)gt e AolE Roly AL G o nE
A de) Aol nEAe) T2 2o ¥4, 2AFFA wet vz dehted )
HE Aoz dygdy
2. of=o| Tl =
dE =Y T YFA9 HEFH2ge R 2438 Ve AEEA Ex A
3 FRY ZUE AFASFIAE AP)aAS & F Jor Fud FHEE HsiA
dEo Wae] 2 Ao HrisEEg dRAgM NeMd 7L FHLE U
2},
b5 4
oA BAHE #E8 282 DSD(Dual System Deutshcland GmbH)el &3
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xeo] & zvEojA qlth. BottropAtE €d A A& &d swrle dolA HE
gage dEH 9F 293 JEARLE oFHAn 1A dEH =F
(Depolymerization)o] 44 %7} ¥-&(Hydrogenation)& 3te] Synclude® T=+E 374
o2 #AZ2ay Ay FE 50,000Ton/de EREZ Fsta Joh. 283 BASF
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ol AFRH Al2d AFAA £ AnE /AT 500Ton/'d A T2 A4SE™
EE A4, 483t B vt AnE oy FAAHe] wop AAsAAE 2
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7V 2 a 7]_,;5}# A
AGIAAGRA| F2 @D gy |z | ex |ga|TE| gus| 1T
/E) B . (%)
(C)
5,000 n s
) 2uasle/y 0.8 [PEPP, PS _ 2z PET NS &
Fuji i A% YZSM {390 80~ [7t&d, o
2o = PE,PP,PS,PET " Argh T3g 43
Recycle 400 B3 -5 Zojz 90 3% )
NEE) 5/q 20 ,PVC(PVC = 2Ag
15% o) &}) 310
250kg PEPPPS, |884 |AlNi, 80~ |Cs AE
(Z)USS | A A A 0.3 400 |29 PVCA
M P o PETFRP  |(&%) [Cu g lazs =
S
600 PVC, N
ES Lz E3| ’
ded A %kg/ |  [PEPPPVCPUIR % 4|34 5 =z |9 60 7h&d, deee
Batch JABS 23 (vl =g
400 ~ A
500
P Cu’Ni’ 7 It R 7 = O 2
H AL A 25%/072 A FA | 29 A1 2 A HEIRE | 55, |7ledez
B B D I (G -2 DI I - S (o I A N Bl IR LA
©
=FmT|RENS 058/ Y& {300~ 2 & e 7Y
1.0 | PE I N A1)
& |zsawly e P O AR &
50~
PE, PP, PS D _|aggns
(F)d6tE (A A 2|5 0 0[0.88 3] 2 A 400 L] ¢ |RERH
TR A /i (PVC A %) FEA g o F2 (50kg/9)
(F) 4~ 5 0 Zp A 74 {250 ~ =717
R} ) 7)) 8k 0.75 |PE, PP, PS 23 ) For| A%
x| L e e i TS
IR % 03~3/06~ |97t244A 2v¢ 4 i?%'PVCSO%W}
AeAE SER | 600 |RER AR ,
@ E e 0o |eve 2w jwa | 7 0 O R PR
B
AZE
(F)x 7 70 PE, PP, PS |g&4 |_ _ 380~ | _
T - o 7 Z ) w180 (3% &
P—n |° 2 PVC A ¢ 400 X
/4 ( el | Q) R
A5
() 2 E / PE, PP, PS .
A A - o) F&a| 600 | |AH | Y
J— FA A 3 (PVC A9 =l H 5 & ol H R
&
N 0.6/ L 300
VAR —
A AL - A2A A MR R|IEE AeH AW | R
Tag } A A 9 24 AY ‘ﬁ;’t.mx—r H420 S
MEES
48%/ 2% wHFEE
(F) L% X}iﬂﬂlﬂa‘%] - €728 FA |, . I N N =
k-3
wwo | 0.8/ ot g E e
Tt 2} ) 78 e g - |&X PS sa4 |n 360 ALiEY AF T
0.6&/ . 1350~ 80~ |7t&E ~|dE ZAu}
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ANz #HEg~€L LDPE, HDPE, PS, ABS, PMMAE €33z &3 ALY ¢
B ZuE= Silica-Alumina, HY, MordeniteZ A}&3% 3 PS, ABS, PMMA &3 &
98| = BaO, CaO, ZnO &4} 5& A&stel Ea54S W, E4A
2 AYAN Zvje HFE: PAL w8rld HAEH2EFR EFeE Yu EF, AW

gste s Bl AHE tAE FAFFDAA Fug HEANI=
He "ate wvlm APIPL, ALY A4S 249 WHEEX FHIA
(SIMDIS) & af &4 5.

<E 1-4> HEg2ge) 2ds dEd A

£

H

o

[0

Gl JF AP 2 F FHFES|HFEI AR
GlErh | H2ENE)|(F) TR (FFR2) [(F$E7D)| (d ) | (ERD)
PE®&O PE(50)
o PE(90) 0 LP(100)
4 =5 PP(100) PP(25) PP(25) | PS(100)
PVC(10) (PE)
PS(25) PS(25)
SEEE on
CEECh: 300-30C | 2 ¥ & FHE | A= -
. (100TC~)
(250-270°C)
F2E(TC) 550 400-450 | 510-560 430 430 -
*1 2] #Hkg/hr) 170 200 128 103 200 100
9] Z7] - - - - 120cm -
7k (wtde) 44 133 144 - - -
HCI 51
A2 Fr(wi26) BH.1 79.0 63.3 74.0 753 8.0
B 5 0.77 - 080-0.83 | 0811 091 |0.77-0.79
g keal/kg)| 11,170 - 11,000 10050 | 9500 | 11,000
ZAHwWt26) 0.5 2.6 17.3 - - -

<E 1-5> HEArE o9 HUdF ZTAE AFEH
g ¥ EE2H PPA ¥ =824 ; PP(84), PE(10), 2 E(6)

QENZE 390C - 410C
19 +AMZ TAZHEE 242, B4R 5A3D)

5 9 = 308kg
e 9 F 3002 (1 2104, 2% 904)

b2 A g 36kg
A7 A& 1124 (58 324, AYL7 802)
ZAL W& F 65kg (3] & 26.1%)
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3) B-scission®] &% Transferd 2719 ¥ &
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CH
Y% 2 R
?ﬁ CI/_I R
-RH -2H
Lt L 0= 00
AN CH,
CH,

Polyethylene® W &3t w874

U, wrEEE 313tEo] gid HEEaEHe di3)
1) PSe] &% 3|
PP 2 PES} Z& g2ud ALY HEgrge 483 FF EFsA &

grizo] PAH dxdor dejxE WHd PS ¥ ABS T3 2]
AZG2ge A$E ol ol AF T A7 £k GA Lot 243t 4o =
B edFelE Styrene Ryt AFH EJHE A7 B Styrene®] ZB5E
70% A=A F4atH ABSY A$¢E 3% A=A FRste A7 dHh

H HH H l|'| H HHHH

Polystyrene® #3] w87+

2) ABS9] &3

ABS: o}lg]9} 7o) Acrylonitrile-Butadiene-Styrene®] FFEAZA RIANS7|T=
PSel o] #2de GAE AXNE Aoz &#x Jo™ Styrene, Styrene-Butadiene,
Styrene-Acrylonitrile S @& ez #s)7} o] FoixE o ATHT. ABS ¢

HRANNE MARET TN AwHos Jste d4g eyl o
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PMMAYE Methyl methacrylate?) 2@ 2N $FE FFEL TTHA YA FAW
B st A FHZ AT ol o]FAH £
d Fo] 4" B FHE A 5L o2 HuFH o

H CHs
c—2¢C
1/
H COOCHs

PMMA % #}4]

2t PVCe] g3

PVCe ¥l 2uAlY 2R e A WA 142 230CAA HCIZ M2t W&
93 242 40T A B3 FFFo] JolupwA FHE geo] A4

~— CH2 —— CHCl — CH2 — CHCl —— CH2 — CHCI —
@ H1 A 2=

— CH=— CH — CH — CH — CH == CH — + nHCI
iL M2 oA 2ok
CeHs (Benzene)
CsHs (Styrene)
C1oHs (Napthalene)
Cokes & EE

PVCe 4&3 4=

- 14 -



M 2 & PVC 8% = mEa2iagoRRE
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02
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N
W

Al A ATES

PVCE d7taA4xel® Vinyl Chloride2 3 izZgubgel st Aa.
PVCE #8724 Zev Chaind 2847 =<d Ex28L 53307 BEd 7+s
A GaBEATE A BolA Urte vl ey ¢ABAE M ol E AR
o =3 b4 A (Plasticizer) 9 E33dte] A2olA &

g B24E /AR Q7] Wi 9Ed A
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4 e T (1 -a)"
A7) A a= HABE, koE HEASF, BEx ZA43IUXR], ne g AFE YEHG 4
YAHE= PVCE 7| Ert44 S22 (PP, PE, PS%)ol Hdte] ¥ixds 9 243
WAL g Aoz eyt ot oz Adwgd o PVCERES ¥ ¢
o] 71g} Egtade 43 HRT ¥ 2N dojdtie AL VT wEhA
PVCE T¥d EFHSP2EL A A w87y 258 2EHeE PVCEREH 24
w23 e} Eatade IR e O &E F9oA dojuA Fe=En Fd
g &7t QAR detd ez PVCe EEs) uhso thee 29AE dojdn. A 327
T oM E Fulge AFHEs I 2P43 wEgoz FHEY o]TAYC
QS WA HClol #AsH old o}F 4% wlAl, ESAFo TARY HHA 327E

A e ggasty Zave Baurgol dojydA Linear £+ cyclictZE 7Hd A
2AFe) @442 NG PVCERH 9948082 A4 3B0= & 4 A9 42
He Aoz 48A gt

HA&s nlel go] PVCY FE3 S4 daBeurEe AR 3502 olstolM ot
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B AH 4000 AN sHEALle Aol FoiNt dusurgel dojdnh metA
PVC7t 289 dAZe2gg 44 270-350%2 7tEste] thE Eetxg S £detA 42
Q28 AASGE Aol ooz st X AA 2T
dstoiol & FAZ AT AAE PVCrH gt 5 <ol B4H B
Aol itk o] Wl RSN AAANN TGLgo] PP we} vpgFe] Zojxn
W ggatgo] Rolxy] W) WA FdaA 7tEstn Edste 7leel 4
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23t screwdrg7] 7oA wE® Fgard §§EAA ARE AFHS Sulfur dioxide
analyzer (Yoshida QS-AB1)¢] sample portd] ¥3 A7|8|ElZ 71gstwAr GAZ A
22 F959 AgE ¢448 4239 248 Jt2E 0IN JHdATEde] AHA
impingerl 4 &4 ®th. Impinger £AolA B4& A28AL FHoto AFHA ¥

WAtk AJFOF methyl alcohol, ammonium iron(I) sulfate solution, mercury(Il)

i

thiocyanated 7}3le] ES50] 4& 3 gpectrophotometer® o] &3t FZEE TR

ClsEE 2490

A 3d A7y 23

it

3K
2eE4e 2ASEeN o £3zAL A&fFel Wmlmin, 271LET 4

oz
& 283 HEFLE7 A4 90xelH, $e455E 5-10-25-50[°C/min]eltt. [2¥ 2-4]

Aedg a2 PVCE g42902 AA3t1 ThermoCahn TG-2171 5 FE4] 7]

= Thermograms, [1@ 2-5]= Derivative Thermogravimetry Curve® R Ftt.

(a) (b)

12 120
1.0 4 100
o ~—— A 5°Cimin
08 1 o — : :(,Cé',",,',',‘,, T ] — B 10Cimin
g —— C 25°C/min % - g z‘s’ngmfn
- ° i - B min
= o064 A —— D 50°C/min E o0
20 =
5> 2
® 04 2 w0
02 4 20 4 5 )
(o}
00 . . . ¢ 7 T : +
[ 200 400 600 800 1000 0 200 400 600 800 1000
Temperature {"C) Temperature ("C)
[29 2-4] 93 PVC Thermograms [28 2-5] 44 PVC DTG Curve

A7) 29 PVCY 2w dEHAAES AX BAEE RS £93 BT ler PVC
Aol 1974 ¥eolr L& RaeA EAHE dol dATL YEdoh
w8 TGA ZF(A A PVC)E o] 43} Spectrophotometer® ©] &3 FawAZ#AE &

2249 BEAEE L5, FFY, T2 PVCHE, 12la adFEE ¥
ANFEA  AFsPgern AlEx d4PVC, PP(polypropylene), LDPE(Low Density
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Polyethylene)2 A3t G2AAES g3 Zo] At : (59 da¥v =
- A2 daxr) 9489 d2%¥E) x 100, o7l 4FL 2xEr] ETERE FI
3.

exo BE g9 w3 xAsgen ojn £dxAe 1A ¥ 2% 3] A&
=7} Z#+7k 8, 16rpm, & Ef
PVC 8%, PP 92%¢°] 3, Polymer BE PVC 8%, PP 60%, LDPE 32%°]9 [1¥
Aer)] 28 A4 20052 AT 1x 9y 256 wE 29EL Yehliey
(28 2-71¢ 14987 258 A4 27052 nAstT 2x4k87] 258 WA o
2 g9g Wwals 2AEAT 298 257 718 we Frtstd e [2E 2-6]
oA 1xukg7) 27t AX 270=2Y W Polymer ABe 2¥&& 72z 98.3%, 96.3%°
Qo [28 2-7]dA 23947 €&/t AKX 320549 @ Polymer ABS 2¥&2 7
7} 98.6%, 96.8%°1th. €8 % Polymer B9 HXE7} Polymer AY AERT E5& X
Hg o (29 2-6], [2F 2-7]9) HA¥FAE 2P FEYEHS RAFEH 1A H 2
a2 wrgrlex s 7tz AR 27059 30052 mAAZ dF PVC % 8%E ¢ O3,
LDPES} PPl E3ujE W3tAA o|2RE oprlgde J=Wsrt ga&c] PlAc 9%
< zAEged A3 (29 2-8]7 Zoh a-dA BE v Zo] §23FES( 100 -
Chlorine Removal Rate)® A&+ A3 o2 wigsts 4¢SS Y.

&

St A%e ushigon RREst 378 wet ggee FUhhe A9e
& u

=2
e
=k

100 100

98

96 4
94 4
92 4

90 1

88 4

—A— PVC-PP
—e— PYC-PP-LDPE

—A— PYC-PP
86 - —e— PVC-PP-LDPE

Chlorine removal rate (%)
Chlorine removal rate (%)

84 4

82 ™ T T T 86 T T T Y T
250 260 270 280 290 300 310 270 280 290 300 310 320 230

Temperature of the first reactor (°C) Temperature of the second reactor (°C)

(2% 2-6] 13w+e 7] ex6 wE gge [29 2-7) 24187] 2x0 e 298
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Relative viscosity

200

® PVC-PP-LDPE

100 o

Residual percentage of chlorine (%)

0 10 20 ao 40
LDPE (%)

[29 2-8] A=7t 298 VA BF

Age FYAT. AP AT Y& Az Hste] Fui(Silica Alumina)
dEs 849
LAY F2AHEEL FHNEE o] &3td AAY] Astel TPdaT & 25g2 WA
Yo oj7le dEsed 25ge ¥ o |2 dAANE S kst i
2 EF89L BEZ2YId ¥ AALES BRG] 29% MY aTHE o]
2grt 9ES ggen o 2R ARe (23 2-9)% 2o M4t Nas =7t
FFuZ 0dE ClRT B4 Axsgenz £dstd I5d tEaTEAL A5
2 2dF Y2AES AAY EHog wEAoR AMgsto] HEuEF HAns AT
(29 2-101% [29 2-111€ ZZ 01N 7 4athgde Agste] 887 2943
Aoty B Y 25gW ClFL 00138gol 22 FEZ 3Astd 0.055%0|t. 53}
o2 AFEE 0.IN 7 AatHE 25g%;‘ Na#e 0.0575gelth. Nast Clo] 2 3u|2 wh&3gh
tn BE o sMHanEdg 53 wEALA FEFHE FHE £ e CFS
0.0888g0] B2 25g9] AR YL 53] FHA 22U CIEE FF 00689 =HstE
2 WEAE 38 532 A,
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Ci(g) in sample ol

[ 2-9] EdZdq7]dA 7t

gl edo] YW AR

0.016 0.016
0014 | 0014 b
002} '/R‘\t/‘ ] 002}
3
o010 | 1 2 oot
g
a
0.008 - 2 o008 b
3
0.006 F E © o008}
0.004 0.004
0002 0.002 |
0.000 - : . . - 0,000 . . , . .
1 2 3 4 5 1 2 3 4 5

A number of using NaOH A number of using NaOH

(29 2-10] ggA24943F (01N (28 2-11] sSstdEd4dd (0.IN 74
TR AThE 9 ANEAIE 102) thgo wekAZE 30%)

=1
)9 d)

0.016

0.014

0012

0.010

Ci(g) in sample oil

0.008

0.006

0.004 L . . L . L ) L
1 2 3 4 5 6 7 8
A number of using NaOH

(29 2-12] SEHEIEA0EN 7ML
oh&of, Ak 304%)
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o]Z Yste] A3} & zHNM 23 NAYLATEEE 05NZE F7/HA €Y

o msgrer AnE (29 2-120% 2ok
Yol A wEvks 2o FERIL 374G we 2

YENE ¥Y & YT B ol e § w0
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M 3% XNt d&s &Hof JHE

AlE AFEA

28A )29 @4 7he £ABAQ PES PPA AEF2Ho] AX e vEL
60% olpel7] WEel F et Qrd odsay] fAdE LABAY 2Ls
B0l A8 FHoz BAY A% LUVAE 29HY + A& A FvY AL
golt AA4e AnT 4 gk WA X AFIAE Fly Ash(Hgala) Ex A
ZeoliteZ ¥ A7t AAN e LABA GRASNE ALste] rH IHY 2

g8 98 vz 242 & AES H2A Bk

[>
i
filo

¢

-

A 2HdAE

AH Zeoliter AHYES} HAEL wHEAEA ] o Aol AAT14, 15], 7FH ] |
A5 =rgol Fol xpF mABol s Ro) @Rel U W ol dxo] S5E
Zeolite® 7NE3dl7] 9% B A7/t AAAH R Fo] FaAHA Fr1-8]

Fly Ash-Derived Zeoliter 1) ¥# & & A5 +duE(16-21] 2) 422 Fusion
H&F Agingd FENE[21-24]90 <5t 4@ 4B Fusion ®el Silicatest
AluminosilicatesE © ®o] &8A17]7] W] F£duE YPRTG o] B Zeolite?t &
ARle Aoz <#x JvH22,23). NaOHE ¢Zz FFYLE AEA] Fusion &3
(NaOH/Fly Ash FA s Eus 2A(NaOH 5 &, 2%, #$A7h)o] weh o
8 Zeolite TZ7} YojAt}h Analcime  (NaAlSixOs - H20), hydroxysodalite
(Na10sAloSi1eeO7.44 - 1.8H20), hydroxycancrinite  (NajaAl2Siiz0s1 - 6H20),  herschelite
(Nay 0sALSi1 60744 + 1.8H20), NaPl (NasAlgSinOs - 12H20), faujasite (Naz2AlSizsOss-
6.7H20) and zeolite A (NaAlSi1.1043 - 2.25H:0){16-23].

Fly Ash-Derived ZeoliteZ @%3) Zvl2 AME3 ol ofx Huxo] 3lA oy o
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eRBoR VA Zeolite® Aete] AT A= Bl muTo} ik [25-26]
A 3Hd A7 e
1. AR

7}. Fly Ash

£ AFA A48 Fly Ashe 2333 2d4d4 38 FI€ Fly AsholH <&
3-1>e 1 AEEA ARE BAZETh Al4E Fly ashe EE SiOst ALO:Z T4H
Ao Fest Cad] T2 Aoidez wdr)h SiOx9 Alk0s9 FAHE 1.93:10] 310

Y. " A &golE (NZ)

AEE B ALTF)ENDE Y% Agozry £39 AFORZ <E 3-2>E NZ
FEY 2438 2oFEY. NZE Fly ash®t Zeo] glFE SiO% ALO:EZ T45HUL
Fest Cad] ¥%& Hdidoz 2d SiOxst AlOse FAH = 4.1:1°A

ok

S
o

o A8 ALEolE

&€ Fly Ash-Derived Zeolite =€ Nz dE3] 547 vlxE 95t 48 1A
AF ZFujQl ZSM-5, Y-Zeolite, Mordernite, SA(silica-alumina), HZSM-5, HY-ZeoliteE
1dEm 2 ARgEstel @83 5A4E ZASIEATH <FE 3-3>2 AHgE o3 48 Sl
4E BAET

&)

N

Jn

il
al

<¥E 3-1> Fly Ash A% A3

Component Weight(96)
SiOz 53.6
AlO3 217
Fex03 b5
MgO 0.9
Ca0 45
K20 0.9
NaxO 0.4
Ig.Joss 59
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<E 3-2> A9 ALToE AEEN A

Component Weight(%)

S102 65.1
AlO3 158
Fex03 1.8
MgO 0.2
CaO 2.2
K20 2.5

Na0 3.0

Ig.loss 9.1

<HE 3-3> A& ALgTolEY EA

= oj T = MZ 371 SiO2/ARO; ZH]
ZSM-5(30) MFI 5.3x5.6, 5.1x5.5 30
ZSM-5(51) MFI 5.3x5.6, 5.1x5.5 51
Y Zeolite FAU 74 30
mordenite MOR 6.5x7.0, 2.6x5.7 28
SA Amorphous 60~100 6.5

2. H2elolEg|

o
0x

0
D
o
i
Jm
0x
i
>

7} A&l §A
1) Fly AshA A&golE
Fly Ash-Derived Zeolitex= Fly AshE A% $4ulgA 7= $9

-

_,_.
ol

W = Fly Ash

4

£ Fusion Al# F2w-&A7)E Fusion/FEuk& g 9sle] FA5 A

TS HAAM = 70g¢] Fly Ash§ F%=7F 1~5 M<l 350 mLe] NaOH 843} &3}
At} Fly Ash/NaOH &E35-& AutoclaveE AM&3to] 130°CollA ek A Z . vh-g-A]
Zt& 12~36 Aot #9933 Fly Ash/NaOH EFE8 o3Al7]|3 v]gh$E Na'
ol2& AAI}Y Hstd F T3t

sz FAdE AoEE Q4B E AEIR 3
o

=2
T
110°Cell M 24A12F AEAA EWE9 Fly AshAl ASFIEE AU
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aldty Valvg { 225 psi )

[ 3-1] Zeolite FARHES AT 147E 71 & S AA(LEZHH)

Fusion/5 @ ®-& ol & 100g9 Fly Ash’} NaOH 223 4¢I(NaOH/Fly Ash 7
H]=0.7, 1.2, 1.7) 24 rpm. 22 3 H3tE EHA AZ 5 mm Az B& ALEste] 24
AZEEr BEHHAJY. E4E Fly Ash/NaOH E#E2 600°CollA 1A+ 302 F<
Fusion E 29 (Fused Fly Ash), Fuse® Fly Ash/NaOH Z#E2 tA] 244509 B
A=A 100ge] Fuse® Fly Ash/NaOH E£&Eo] 500ge] 3 EFHo] 25°ColA 84
e 49 F 100°CoAAM 10412 < +E9%E HAT FEREF A3 pH7Y
10~11el o8 W7tx] FHRFE HEFolst] AFARAI 60°ColA 124 EFL H2H
Fusion/= g% 93 Fly Ash-Derived Zeolite?} dolZt}. Fusion/FEuE-8-o <3t
Fly Ash-Derived Zeolite(Crystallized Fly Ash)t <2 7}x] dele] Aol vt
2% Fly Ashe &4 FAZ (Fly Ash-Derived Zeolite)2 HWHHNZ AlLH
NaOH/Fly Ash FAule] wel FAZ(0.7), FAZ(1.2), FAZUNZE FEAHAT. FAZE 4]
< DPFAA AFEE FAATN7] HAstd F2A 1 M NHCE &3 20412 &<+ 1t

SHAL ol mEd

[\S]

FAZE HFAZ(H -exchanged Fly Ash-Derived Zeolite)Z ™
HAg. HFAZE AF2" NaOH/Fly Ash FAw8le] uwat HFAZ.7), HFAZ(.2),
HFAZ(1.7)E EAH AT
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2) HNZ

50g9 NZE 1 & 2N NHCl £9 500mE 80Ceo]A 3~24A12F REGAIZ & /T
2 AH3t] 24A7 < 110TolM HB2A1A NHi-type 713 NZE AX3FAT ol
500CAA 4225t A48 ste] H-type 712 NZE A|ZXste] HNZZ BHe A

g 449 AedolEy 2ag SY2A
#4449 Zeolitee XRD, SEM, NH:;-TPD, BET v ¥¥3d & B39 E3ed &

Be 2,

3 2R 4
(29 3-20¢ F4HE 9 209 03 HE AT 2P 7R A2 93
29 d¥s) FHE BAFTH(HSE7] WP EH  150). $98E PP T= LDPEY ¥

=

& 100geldTh. A WHEAE ZHuj/F2H uE 005 EE 012 39 w72 A
EYA 714 Al Fa Eeige i) 2] 9 10g% 2% 0.5 mm<l
glass bead 120g®] EHEZ o|FojA Fv|F & HAAH. FAE Fly AshAl Zeolite
¥ Dealumination 5 7188 QD Zeolite(NZ)9] F&3 547 vuE 5t 48 2
A2t Zw]Qd ZSM-5, Y-Zeolite, mordenite, SA(silica-alumina), HZSM-5, HY-Zeolite:=
Zu)2 AFRE P R 2 YL SIMDIS(Simulated Boiling Point Distribution) i o]
ojate] HP S AU
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T
Temperature
Controller

.} Temperature
Controlter

(29 3-2] 3|24 HAEH2EH &) A

Ny
%

A 42 A3

1. gdd

H220lE EMdzAL 21

7b. FEnukg o2 ¥4 ¥ Fly Ash-Derived Zeolite

3-3]% Fly Ash®t o8 NaOH ¥EE& AM&3te] 130°CellA 24417 ¢ sER

A7 9oz Fly Ash-Derived Zeolite®] XRD #4235 HoEr [2¥ 3-3]-(a)°
A B 4 glE0], Fly AshE® Quartz(SiO2), Mullite(3A1:03 - 2Si0z), Hematite (Fez03)7}F
F8 AAA4 BRon [3¥ 3-3]-b)AM B F %o, [2¥ 3-3-(@9 Quartzst
Mullite®] Peak® 1M¢ NaOH ¥ Eo]A Algtx] i Analcime®] Peak7t WEbsto® [17
3-3]-(c)l A & & gl5o] NaOH %7 3ME Z713t9-¢ v Hydroxysodalite Peak”}
Analcime Peak$} T&3tath [28 3-3]-(d)oNA 8 4 %°], NaOH &7} 5 ME
=27159¢ W Analcime® Hydroxysodalite®] Peak® A}gtA3 Hydroxycancrinite ]
Peak®t A3ttt waba] [29 3-3]9) XRD £4Z23%E 130°CellA 24/ s
<A Z o, NaOH ¥E7} IMalA 5ME 713l whe} Zeolite®] Z2A 727} Analcimeol)
A} Hydroxysodalite® A HydroxycancmiteZ A#HE A& RAFT

[13F 3-4]= 98 NaOH 504 $Eu-$ 02 Fly AshA Zeolite® FA4E o W&
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AZre] Wgte] & Zeolited ZATE ME RAFET NaOH TE7F IMIH = &<
A 7ro] Z713te] wel Analcime® Peak Intensity’} 718y, NaOH =71 SMYH &
HA1HE EH389 o1 Hydroxysodalited] Intensity® HA HuHE F3s50. vd

NaOH F%7} sMYw w-gAzte] F74geo] met NaOH F=7h £&9dt 2dH<
Hydroxycancrinite®] Intensity7} 71ttt olzist @A E S NaOH T=7F 3MRT =
SujE g AIZto] 4 W) Analcime® Hydroxysodalite”’} Hydroxycancrinite®} 722
AATZY Zeolite2 WHEHA oY, ¥t Hydroxycancrinite® & ZAZTZXE W
A k& YErAT Querol (2719 A7 AT W™ W& Aol Zeolite A TE
of PIX|E 9432 Aluminosilicate, Quartz, Mullite®] ¥$&£%7F E87] WYELZ B
t}. Querol (2712 259 A ¥olA Aluminosilicate GlassZH#E] *-5o]E Analcime©]

A E 3 A4l Analcime©] SiO29+ ®F$3te] Phillipsite® A RSE R

g
T
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Q Q : Quartx
M : Mullite
Q H : Hematite
Iz}
£ "
= H M
i
Q M
M Q 7]
(a)
T T T
10 20 30 40 50
20
A
Z
‘B
=
2
£ A
(b) A A
T T T
10 20 30 40 50
20
A A :Analcime
g’ H : Hydroxysodalite
g A
& A
E A
A s A A A A A N A
(c) , ' .
10 20 30 40 50
20
[+
£
w
=
2
=
(d)
T T T
10 20 30 40 50
26

[Z2¥ 3-3] o8] NaOH ¥ ZoA $9ukgd 2o FAE Fly AshAl Zeolited]
XRD #4723 (24 A|7F 130°C): (a) Fly Ash, (b) 1 M NaOH, (¢) 3 M NaOH, (d) 5
M NaOH
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SAIA LR Fly AshA Zeolite®] SEM A& 2o &t [2¥ 3-5]-(a)lA &
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Sodium Aluminum Silicate’} A HAS L & F Jov o]z s #HAES NaOH Fusion
o] Fly AshZ®¥ Silicate® Aluminosilicate®Z £3lA17) =4 2433 &344d& veEld
oh, plEksE Si0,9 %X NaOH/Fly Ash FA87F @S9 0.7)2g =&9(1.2, 1.7)¥Y

b 2R o HEE B 5 ST
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(28 3-5] 98] NaOH s ZolA FEurgo] 93te] 34" Fly AshA Zeolite
SEM AF&(24 A7k 130°C): (a) Fly Ash, (b) 1 M NaOH, (¢) 3 M NaOH, (d) 5 M
NaOH

(29 3-7]& Crystallized Fly Ash® XRD ¥423%& HoEth [2¥ 3-7]-(a)°lA
E 4 l%o], FAZ(O7) E8" Zeolite T2-2 NaPl¥o]®, o9 Aluminum Sodium
Silicatest P|8H&® SiO7h Fob AT [T¥ 3-7]-(b)olM & & 3R ol, FAZ(1.2)9]
7% NaPl19 Intensitys @A 3] w3to™ Faujasite’} 274 FH Ao
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[2¥ 3-6] 38 NaOH/Fly Ash FA B E Ag3dted ¥4 ¥ Fused Fly Ash® XRD
EA4Z3 0 (a) 07, (b) 1.2, (¢) 1.7

o] 3 FAL NaOH/Fly Ash ¥AB 7} 27194 wak NaPle] ¥¥7} Faujasite® A

FHNE 7FsAES Yehdth Querol 2119 dAF2AFd w2W, Fauvjasite(7.3 A)=
NaP1(46 ARt &A] & 71L& e [2Y 3-6]-(0)lM & 4 SlEo], FAZ(1.7)
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o= o ojAte NaPlel wAEZA ¥tom Faujasite?o] Y3 Zeolite ZA o] AT
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Shigemoto $[22]¢} Rayalu $[24)7} B.118 ule] w2W Faujasite A4S AT A
o] NaOH/Fly Ash FAME 12999 NaOH/Fly Ash FAH7 UF & 7
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(c)
(2" 3-8] 98] NaOH/Fly Ash FAH|E Ab&38led Fusion/F@WH8ol ¢

B Fly AshA ASgolEY SEM AMA : (a) 07, (b) 1.2, (¢) 1.7
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<% 3-4> FAZS} HFAZY N; BET H|ZHZ

BET Specific Surface

Sample Area(m%/g)
FAZ(0.7) 23.2
FAZ(1.2) 744
FAZ(1.7) 169.0
HFAZ(0.7) 89.8
HFAZ(1.2) 187.4
HFAZ(1.7) 249.7
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— - HFAZ(1.7)
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L
=
[=]
=3
3
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Q
=
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Temperature(°C)
(2" 3-9] 98 Zeolite A1 TPD Spectra
o NZ ¥ HNZ

[ 3-10]& Agzdd w& NZ& HNZe XRD EXZ3E HoFo HaA2e
°]EQ NHCl MIA T € Fxo] wlg Jge Fd4 JdeuAe AR, 18 [2
g 3-10]-(a)8 RnY HAALeo|EQ Z=w=vt 20 2280014 #FE o] Clinoptilolite®

AeTdolEYE & & AReH, [2¥ 3-101-(), (0), (1AM NHCIY AgAzt & 5
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(b) HNZ-24hr, 4times
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Intensity(a.u.)
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M Nz
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20
(b)

M"J\\_\_\A (d) HNZ-24hr
M (c) HNZ-18hr
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% Nz
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Intensity(a.u.)

20
(c)
(28 3-10] NZ9}+ o8] A4 Agd HNZ2 XRD #4123 (a) 1M NHACI
(b) 1M NH4C], (¢) 2 M NH.CI
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E7F FS7tEl wel Aol AT, ole HAALHIE W AT F&LI
(Na, K, Ca)e] NH,l®] NH; o]23 o]2m#sxn H-typelZ W EatE A4
Bulky® & &ol2e] AAlatn Jd Fho] FEAHLR FAHAUL, BT NS Y
Bl NHCL &) o&f SiT"sp AT ojo] &28 Ao 7|Qste ez BAY
[7® 3-111& NZ9t 1 N NH,Cl &8 24413t o] 2mBAN7)& A& 43 w53 HNZ9
Morphology ##&Z23E yYeElAY. NH.Cl A wet ZAAA o] ZAastygAwt
Morphology ¢l ¥l aA & A &kl o= NHClol NZ9| A2AFZE IA W3
AN Axe kel oflm, AF oyl Wi Tt o|2mBe] wE A xe] Wy
€ oA Aer B,

(a)

(b)

[Z2¥ 3-11] NZ&} HNZ9 SEM ARzI(x4,000) : (a) NZ, (b) HNZ(NH,CIZ 43] A €)
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HY Zeolite, Modernite v+ Cracking’¢] HZSM-5 Zujrt Zo] "Holzxled, 2
o]fE o] Zul9 FAU, MOR 7% EXA AlF =717} AAM CrackingA & 534

o gaAe] F dojuy] gE oz »melt
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Y. FEutgo 93ste] &AH Fly AshAl Zeolited &3] EA XA}
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EE BAFET o] aYoA Zeolite®t LDPES FAH]= HY Zeolite® 3¢ 00581 ¢
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ede] MHEEE FEu] Ao vt 433 2ked olgd @42 Modernitest
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—8— NoZeolite; yield=79.1%
—O— Ry Ash-Drived Zeolite (12 hrs); yield=73.0%
500 4| —A— Fly Ash-Drived Zeolite (24 hrs); yield =69.5%
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(23 3-14]-(h)E o8 FE9% zdoA gA48 Fly Ash-Derived Zeolite$} &
Modernite®} HY ZeoliteZ Zwj2 A}-&3le oz PP dEs) 249 &3 vFdEX
£ 2oEth 3 M NaOHE AM83te] &4 ¥ Fly Ash-Derived Zeolite®] +d4 A8 2
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T3 PN AHgete] 2ozl R odo) F&A HHER IA TEA dFol
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[Z29 3-15]¢] (b)elA FAZ(1.2)E ZFviZ2 AM43ste] dojzxl &8s 299 BAPEEE
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Catalytic site (Fe, Ni etc.)

Catalytic site (Fe, Ni etc.,

Coke Particle
From Cracking

Fiberous Networks
of Filamentous coke

Asymptotic Coking
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197 AFAME olgg 27 AAUES TAZ & 2992 Ao7lEe ATe 9
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600 g BE FYstn 6A1F A= GRS AHE S8 7=t dAEA Coking
Sampler?] W22 EH}3EE &9t} Coking Samplerd] W#E 30 mm X 300 mm$
Alfol 7tEdAY EWo] BEE AHdow AP JEAEL SUS 3049 AZ=E &
At 71l Cr 2 Tio) 4% W IWs 44" A FE ZFH o2 S840,

Coking Sampler® EHLT ¥ 600~650CE ZHdlo] 7ldel g €4 AAFHE =
o] w}& BAEAE EH590
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E0 g —

Coking Sampler
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Al 42 dFry 23
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[ 4-719) TIN 289 A CN ZZETG A4 Fe] 4t F7hsksler 600TAM <
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[Z29 4-4] SUS 3047 % [29 4-5] Cr ¥ A4

[Z3 4-7] TIN Z€AH

(28 4-8]2 [29 4-4]9 A [29 4-7]7HA1 ¢ APAHE HBZEAS THolt) o] 1
Yol & & YFo] Bl SUS 304 AFe mHFo] 8 g/m’E & W] COrN ZH 9

A$E 115 g/m’2 B2Fe ¢ F gon da FYd B Fdd EHA7 delMe

20 AFNE 4 2YzAd 27 AT dE A5E AAstn ZAAAE

Fresh
=T N, purging

SUS-304 Crcoating  CrN caoting  TiN coating

Specimens
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<3 6-1> Physicochemical properties of HNCLI and HSCLI.

) . Micropore Maximum pore
Si/Al ratio BET surface 3
Catalyst (ICP Analysis/NMR) (me) volume volumn {cm®/g)
S .
nayst area \n/g (cm®/g) at P/P0=0.9
HNCLI 4.44/4.10 221.3 0.076 0.20
Co-HNCLI 3.6/5.0 161.8 0.051 -
Ba-HNCLI 4.8/4.0 94.1 0.027 -
HSCLI 4.92/4.41 352.0 0.120 0.31

e AANE R Aol TAFE & £ dov, olHP AYEL AFHE RFE

Wgo] EHHoT 18T Aow AN,
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NH3-TPDe A 42 4t ¥ Z Bronsted 2433 Lewis AP o2 FHs7] $314,
pyridines §ZAA FT-IRE st ol el T/ G thsto] dotr3
ot [2¥ 6-3]e] Pyridine® &&A7 & 4 FT-IR spectra® WelAT. 1456cm
A4 YedE Lewis 487 1546cm™ o4 Uetvhs Bronsted 4Hd-¢ BH, Az @
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[2¥ 6-1] XRD Patterns of Natural and
Synthetic Zeolites

\._ HscLI

H
/ Sl

"~

Ammonia desorbed (a.u.)

100 200 300 400 500 600 700 800
Temperature (°C)

[29 6-2] NH;-TPD of Natural and
Synthetic Clinoptilolite Zeolites
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Absorbance (a.u))

T T T

1700 1650 1600 1550 1500 1450 1400
Wavenumber (cm™)

[Z¥ 6-3] FT-IR Spectra of
Pyridine-chemisorbed of Natural and
Synthetic Clinoptilolite Zeolites

HA 2 FA Aol AL PSi NMR 24 & Fa3te] ALFPoE FRUYe &
AstE Al Siell #& F2HQ WEE F2edd. YAl NMRoIAE A4z 4 AL
Zto]lE EF tetrahedral Ale] FE EA51 YL ¢ F U1 53 FAHA LT EY
A%, ®Si NMRelAE B$ o 2 wjdse] Q= Sig) T2 WelM e X2 -104ppme]

A Heue 932 g 9T £ Y

200 150 100 50 0 50 -100 20 -40 -60 -80 -100 -120 -140 -160 -180

Chemcal Shift from Al(H20)63* Chemical Shift from TMS (ppm)

[2¥ 6-4] Solid State NMR Spectra of Natural and Synthetic Clinoptilolite
Zeolites. 27A1 NMR (Left) and 29Si NMR (Right).
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A2A U FZRE JRE Q20U EXEA

GFEURE o] Foizl vx Fx FFuEY FAo SloM FF E A% AL 5
Aol GFuE Fol29 w wE JtFEHNEd Jdow, AFEYAg EA 3
N E lamellar BEH e hydrated hydroxided] A& o7 w&o|tt W& AFA E
2 olgg mME JFEHE JAS7IHHA triethanolamined 7hrEd GAAE AHES)
o Fol& AMEAAGANM HzEAL GFPIY EAAE A 2 7 A
AE, 7trEay 58 2437 d8A €2 A3 dA 53 FBE Y EvEE ALE
o] ZtEEHE 2EE L AESHeH, ol B4 ¢ 39T e G IF
U HzEes A4S §A4E 7HestA Gk ol 2A $AEE vxEYdx FU E
£ 'wormhole-like’ 7139 FZE RoH, ¥ TAA 44 AAHAHF 2 )
g 71 &FrEe AHE HArh gse] v AW E4AE AHESe, HEEE
GFoY BAAE G457 H8 AL F7] g A AREEA/EF
HATA o g4 EFAE 74 4 AR Fo A4 729 0 U= 729
dFVU EF (U= JE vUx Af Y FdhES €S 7 AT
o8] 71A AW EAHAE AHgstd FAE vUx Fxe 4Fry EZ diE =9 I
A Ao dig) Letr gtk Mzzes EFY FAA AEHAD F7] SE AHEE)
A ax ¥ ¢FY 2 (P-ANS)Y A, 13 729 04 4 v 7=
& Byon, 22 4 A AW BHAEY TR wE JlEe] ¥se
EHAY HgRgE HJow, RE ¢RvUEZEL 3 ¢F VY A v
9, & 298E HAt
Fol2 AW BAAE AT AS, FHA FUIEHE AHET B HEzEHE EF
U EAAY #4E Byen, 22 A 1A f71E&WME AHESA @ AREAEA
o 4RuY AFAY 74T EFES £ AHY o L YHEL FHE € A
[
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')I:
Tz ARE e Fze) 34E BAT [(26-5L DA, §71 §ue EA F7o
weh GRL 299 Y4 WEE 22 & ddor, ol AW FHAY FFY
FA TFEA §uh7h dx PR FHO BAE IFE FF T+ Y YA
2, AR BAAE LT dx F29 BAY FHL £5Y 5L w5 gujaol
A ololAgT. olm A4HE 29 94 2 ARHS ASE £8A9 F3} pH 3
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3 44 2= % guie ¥ o gIA dEscignh & meldY gvjE ARgaA
F1 GRRIY 2L P4 ARE AY 2449 FF 9 2349 Hle A
[e3]

2 dEHoz A e AR v Fx EFY EEE 4 T T

[1¥ 6-5] Effect of Additive Organic Solvent on the Morphologies of the
Synthesized Nanostructured Alumina Materials. after Calcination at 773 K. (a)
P-AMS, Using l-butanol as an Organic Solvent, (b) P-ANS-S+, without
Solvent

[28)6-6] HRTEM Images of the Calcined Alumina Nanostructures. (a)
P-ANS-S+ before Calcination, (b) P-ANS-S+ after Calcination, (¢) P-ANS-S+
High Magnification, (d) P-ANS-S-, (e) P-ANS-No, (f) P-ANS-So.
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20 (Degrees)
(a) uncalcined material, (b) calcined at 773 K, (c)

[1¥ 6-7] X-ray Diffraction patterns (A) and TEM image (B) for the calcined
calcined at 973 K, (d) calcined at 1273 K.
+ 9tk P-ANS 23 hulk &

P-ANS-S+ at 1273 K.
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