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ABSTRACT

A sewage sludge drying system (TTR®-D), which uses hot meal extracted from a cyclone
preheater as a heating source, and a waste plastics gasification system (TTR®-G), which also
utilizes hot meal, have been commercialized by Taiheiyo Engineering Corporation.  This
paper describes the two systems, including the technologies and the results we developed.

The TTR® technology can be applied to heating and separation technologies, and a brief
introduction is also given about such future applications.

Keywords : TTR?, Hot meal, Sewage sludge, Drying, Waste plastics, Gasification,

Waste utilization, Alternative fuels, Co-processing, Mercury removal,

Denitration, Desulfurization
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ML, € oBBERIAT 2 BN Xz T
LI78tE Uiz, ZOHETIE, REMEAKRES WV EIL
DOFETEZ R T 5 Z LI K0 IEBRRRE < 72
72, V772 —nar sy MERFREE 72 5.
BIFEIE T R AT —T 2 M TEik T EARE DR B
R WREER, EERR AR E - kL. €0
i k2 LT IZ 5.

2.2 BENHIRESIFE T RAERIER
TEIFEHT X 2 TARIGIRORCIREE 2 5 i3 5 72
DI T AR & SEh L 7-.

2.2. (DHRBAZERUVHAREE

500ml D AT > L AREHIE AV NEE R FTE &
A, BRIFICIDMBN L7, BRIF L HEGE
XEFA LT, FEHREZRE L, JFORHEEE 23T E
BEICZELEE, BEXFErOIRVHEL, 6000
FHE L7 FEEEe (Fig. 2) 2 AN 7=5101000ml > A

Fig.2 Materials under test (cement raw meal
and simulated sewage sludge made
from dog foods blended with water)
(R (Fy T I7—FEKZEREEL

EEEREEA Y FERD)

KETT

Fig.3 Test devices (Electric furnace, Electric
scale, Mixer, Data logger, KETT
(moisture meter)

(REBEE (TR, BRF, IFY—
T—42—0H—, KETT K% &) )

T VARG (RIFRICERE) (S TPRREZHRAL
. TO%, RaNORBEGEE TARERZS LT
BT 0 2 L TR EFRFE ST, FERRE, B4
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(KETT) TEHAIL7z. (Fig.3)

2.2. (2) ABRIER

BREGIROERABREREZESRMT L LI
Table 11”7 KARKRIE R EORENZHRT D
WER DS ToDT, TEFEOIRE Z{KiE (400°C)

Table 1 Amount of calcium carbonate
in slurry solids

(80% K7 & HEEHH IR DELIRARRMER)

(RS —BERDFICEENDIRENDILLILE)
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Fig.4 After mixing hot meal and simulated sewage

sludge, change over time of weight and
temperature at each part.
(PRRHLEBEREREZEELEEDESR
RUREREDREFEL)
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BOEKREN IV LGS TBRETHST2. &
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4.33F THEIN L CRZBIRRE AR L 7=, £ DRER,
B THRER D SminE CTIZEME L, KHES B L OUK
HE 6 DHLIEZ DKL, FHZEI0.5%F L TV0. 3%
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W1.6% &7 5.
Fig. 412/K¥ESICTBIT 2 E&E, MEHRE, AREHT
(RN WNHEBIE 2 AW A2) DIREE Df%E
Kb ~T. TRRBIZ A%, BIRfmE &b
WA EERIREE, Aas FOWREN EFH L Tn5.
MEFD EERIRE 135920sectk (2 B — 27 0 425°C |2 5E
L, TOBRIKTFTLTWS. B FOREIBLZ1
min. %ICE— 2712 L, (3T EEREE LR CIRE &
20, TORIKTFTLTCWD., LER-T, WO
W R EE Inin, T KGR E FEUREE 38—
WRBESINTZEEZOND. KO LDEEW
Bh—T%BDE, IBREVDYE 272572 40sec b
Imin. 2 CIENRKE L, ZORITESITHEL
T, Smin. BIZKET L=, EENG, FAIBIROK
DEFITTEREE OIREDPAEL TWVWDH EB XD
na.

temperature of the upper material

Temperature under container

Hot meal from preheater

Rotary kiln

Sludge pump

Dried materials

Fig.5 Commercialized process flow of TTR®-D
installed in Dairen, China
(hEXEMIZERE L= TIR®-D =H

70—H)

ABRRE R 6 EIT T KGR L &
150t/d (6. 25t/h), TENMFEH HRE26. 3t/h Th K 3
min. OFERERINEN 2% H ThiuE, FKERE
TR RE L B X b T

2.3 TTR®—D§%EEEE\‘.E§%‘E%”'Z)'3)'4)'5)

B L7- MR o 7 0 —[X % Fig. 512, s
FA Table 2iz7r9. Fig.5Xk Vv, EG/KE80% OT
KIBRIZT T oV —ARo Ak, £72750C 0
LA NPEERNT S L E— XY A v a— |k
MHBEEEIC TS, V7 2—Iciifash
5. TAIBRIZY 77 2 —NTTPEJREHZ X - TR
BRI, LR OEKEIT 3 %R E -T2
D%, AL NTPEUREE TAKIGIEE D72 50
W)L Ve —Z ORISR S, VT2 H—
ORI DR T A % G e /KRR ZULRBEF T72 <,
N bhAYFA 7 OGS 5 2 & TR L
T 5L L bICBEIRAZ MY D, TTR®-DE A LLA]
D FKRGIRE T A P —~EERAT L AT AT

Table 2 Introduction effect of TTR®-D
(Comparison of Direct feeding system and TTR®-D system)
(TTR®-D BAZHE (EEHRAAKE TTIRR-D AXDEE))
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%, 7V — O ERRES 5 720 T KGR D&
KAEDFIAEIZ90t/dTH - 7=, TTR®-D DB AL IX
200t/d LL LD FKIGIR & 7 7> 19. 8m> D % 52 Hi F&
DYVT 7 H—NTEHERE FAKRIC L T 25 2
ENTE 2, ELICIDFEEREC RN D r— A
TV U A —AFEEOBELRBETE 5.

2.4 TIR®-D&EO—42 1) RS A Y DLE

TIRE-DORMRAE 20— X U KT A Y DHRES &
Table 312 LV t#kT 5. [Fl—S:FTiEZ2V s, bilg
®g L Liza—4%Y K74 ¥iL, 50-60mm Al S 41
72— A+ D22 85 (EFB : Empty Fruits Bunch)
AT A SN L= TICRE LD
ThD.

FIRDORIM Tz T 5 —% U KJ A ¥ CILEFB
DARI BB KT D2, AAHTARERFHIFISH
B8, TIR®-DIZ Y 7 27 ¥ —NICEEE N 2 <, Bk
FOKFRLA TR ENTWVDIZOE L EKRDOERN
W, Z D78, 750°C O ER TEVRE ZER & LT
FIHT D ENTE, REERENKE L, ol
N, MO E THETH I ENRARETHS.
Z OFER, TTRE-DO EALAFE Y 72 0 O MLEERE /) 23
833kg/m’h L FEFIZRKEVV ORI THB. 77, K
BEOBLBRIERE 2N 1 - 3min. &4 L, JEE N BRI O 72
DTTRE-D H LR EHRENES TH D, LD X Hic
TTRE-DIX YW 72 BAE 24 TR T &, B
ELTHRGERRE E 7 o T2

Table 3 Comparison of TTR®-D and Rotary dryer as a
drying device
(TTRB-D £ O—4% 1) RS A Y DLLE)

3. TIR®-G (TTR for Gasifying) BAF&EERY D

31 NSEAY Mt EDHRERFFE

2.ETIET e —Z CTFEINToEmIBEDOE A B
JFUEEE FAKIBIRZIRE T D EMIZ DV THRI T L7223,
EIER TR TR ZFIH L <, @iREE L BET 7
AF v 7 EIRE L, AU TRBEFRELE LTH
ZhARIVH Lo BEMTc W TR 5. AR B 6 1
ENT ¥ A2 MiEE 20010 A (2 [A B % % Bl 44
L,  21. 4 AIZFfD Okgye T.35% 2 &% )L I FEEEF
RIFORENTT L, BEBEHTTH 5.

3.2 TTR®-G EIFABRER

H 2% 15 & 705 SSW (shredded solid waste)
OB Z Fig. 61ZRT 03, FETS T AF v 7 B T70%, K
JE30% THERL S CE Y, FLE 0.1, K4y 20%, (K%
BT 20100k ]/kg T, 50mm L F D H A RIS
-HLDOTHD.

Fig.6 Shredded Solid Waste (SSW)

- Constituent Plastics:Wood=7:3

- Specific gravity 0.1

- Water content  20%

- LCV 20100kJ/kg
(FR: U -ERBEEY.
B : TSRAFvY . K=7:3,
EE 0.1, K5 : 20%
EFE= : 20100kJ/kg)

Fig. TI2TTR®-G 0 7 n — [ Z =3, SSWIZEEH D
Nry b b RXR—=Znbur—X U N7 2R LT
TTRY-GICFa SN 5. —FF, @IROTEEEHT T H
STEHOY A 7 a s a— B ERE R, TTR®
~GIZA%. TTR®-G THLEE S M- IR B FEL & rlkME S
IRV — b b ENERPEH E DM, OGN
LCIAYP =7 ME~ifas s, HALLTZH
R ZXF NV T A LB L, S HET A
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HENDNOxZERIL L, REEF ONE T 3 IRERIC

KXo Eisns. Fiz, REEELITA P —X 7 K

B HABEFICIRE B SN 5. TTR®-6H DiREIX

JFOBH Y B KV 520°C THIEI S D2, T

&E@%%ﬁm/yn~bﬁﬂ%ﬁﬁﬁmﬂémf
é‘#ﬁiﬂﬂ CThO, FEMIIENZSH L THF /L
VIEHR NN LB TH B

Fig.7 Commercialized process flow of TTR®-G
installed in Korea
(BREIZEKE L1= TIRR-G 0EH T 0—R)

NTE AL METIETIRY-GHE B O LR b
SSWZ AR BEF IZ E R AT 2 FIETUE L TRY, %
OEEEE A L TIRE-6 2 L7854 O Ml
BEH R HOWT LT 5.

Table 4(ZSSW10t/hZ&TTR®-GCUER L7-Hia L 7
F U (SFRBEFEERAN) Loz Ry, TR
b5 Z &T, BREBEMENSGE L, CONME T, IDF
A7 A B QR AME C & 725 5, VIR X
190. 5kJ/kg—cli (Coal 1.64t/hAHY) TH-7=. £7=,
SRR T2 SSW & (R BEF B2 A D B 20T TTR®-G 4 A
~NYV IR T2 — AR o T2, FOBRIIER F AP A
7 v U JREHEEE S 80°C MIZ LA L7z, Z OfEE M)
5 TTR®AC L 0 RBELE C& 7= 2 L NHPIT
5.

Table 4 Introduction effect of TTR®-G
(Comparison of Direct feeding system and TTR®-G system)
(TTRB-G BEANE (EHEHAAKXE TTIR®-G X F LD LE))

3.3 TTR®-G & De-NOx/S\—F 12 &k B {ENOx1E
TTR®-G ZE AT 25 A U v M REIS R L &
BIZHAT DT AT K D NOx (KRR B & 24 4 &
DAEL TV, ZRRBOMER TILSSWHEA
THEITA ALV BFER T EFEONTND. L
MURNG, FERTIEF L HET A O NOx IR L
THORBEOBRTLHTAND D HOD, RILH ADIL
B EE < NOx B8 & 1% 57-65ppm  (20%H17%) (2 & &
Fol . BENT AL MERTIRY-GEZEA LT
HAJIINOX IR T - 7278, TTR®-GE A S 1) Tl
NOx 1K EN HEERECTH -T2, 2T, wmILH AD
L 2 S8 5 HAY T De-NOx N —F 3% & L 7=.
LT De-NOx /3—F & TTR®-G D Hf FHZh Bz >\ Tk
7 5.
ZOTHTIZ2 BX /LAl TIRE-C 2B A L=,
3HEFNL T, UL NxEEZ B E LTI T
[ AL De-NOx N —F 2 2T LY 2B AFH TH
572, De-NOx/R—TF 2 AT I & ITRBERFBRE O —
ST ELL De-NOx /N—F 6, [KIRFRRESRIMETICH
LT AW —H7 NEBIZR X AT Z & CiE T A TE
L, D OBREEST AF O NOx 2R TT 5,
F 720 R BEIR TRRBE S T2 D RBEIF TR A
T HNOx b [FIRF IR T 2 6 DO TH % (Fig. 8(a)).
SHXNAANLT AV —F 2 FERIZ 4 KDDe-NOx
NR—F LS AYP—K 7 NNDOa—F o I E 2L
THHIHTI = A—TF > (1CS) #HEALT.
hMe5ﬂ2ﬁ%W/%i03ﬁ%w/®@ﬁﬁ
5, BRSO ZEHE ST A ONOXIR FE 72 &
%%ﬁﬁﬁ@mwwmﬁ%ﬁﬁw%cw%mf%
D, 35X/ TODDe-NOx/N—F DEFEFERTILT
AW =X NI a—F o T EEZRIT 5 Z &0
TEF, BEIFRELD 50% F T LA De-NOx /X —F1H]
WCIRD 3D N TERN-T-. :@ﬁﬁwﬁ%
NOx % 189ppm F TIK F9 5 121%, JRFEMWEHFICL D
NOXECJEOR 2 OFHE X% 21570 - 7

Table 5 NOXx reduction effect by installation of TTR®-G
and De-NOx burner
(TTR®-G & De-NOx /N—FE&{EIZ & % NOx {EFENER)
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SSW
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/

~ /1Cs
to prevent coating

burner
Coal 50%

De-NOx burner adhesion

Coal 50%
AN

No.3 Kiln /

(a)Staged combustion

| Calciner |

Tertiary
. SSW
] air
Calciner burner Hot meal
Coal 0 %
[

4-De-NOx burner TTR
Coal 100% [

No.2 kiln | /

(b)Staged combustion with TTR®-G

Fig.8 Comparison New De-NOx system (staged combustion with TTR®-G)
and conventional staged combustion system
(GEF D ZERIRIERIE (a) & ZERIRIEL TTRP-G 2 #A B HE=HIRE Y X T L (b) D EEER)

—7J5, TTR®-G & De-NOxR—F L &P L= 2 5%
L DFERICONWTHD & TIRY-6 THRAET S
5200CHOH A LK E T A Y —& 7 MNRITHART 2
T L LSSWARRBEFICEERA LW SI2k 2
—F U TREOREN 72 720, ARBERF A Rk 100% %
De-NOx/N—FTEREET B Z LN A[REE I o T2, D
FER, IRFEEFET D & e JEZEHEN A D Nox I
167ppm& 72 V), HEE OB HIME 252 L7z

FiR o> X512 TIR® % A AL IGH L 7= Hiffy (TTR®
~G) IXBEFY DRBE 2 BT D HE R TH Y,
FGA P =2 FNEICTTRY-G b HEH S A H R &
FEVE AP —F 7 MR T2 T, a—F
VIUSENBIETE, [RRFICNOx 2 TE 52 &
NEFEE T,

BEFEW) 2 ARBERF CRERANZIRIE T D thtt D kT
Pyrorotor ¥ (KHD#1) ZEic A B LD K 51, 4kﬁhf*
R3WEREEANLT, BEEYET RIS ES )
RKTHY, RELERISEL-DICLV—T27 M
zgf%waﬁﬁkﬂm¢ékwokfﬂﬁ%é

X LT, YA TIRR-GIFZE R A=A LAWY
XMﬁﬁf%étw@ (RENH  BRARS = 7X 7

MZ7e, HAORETHIr Y —H@mn LanzE

BULDOEERARA > N THS.

Fig.9 TTR®-DG (Drying and Gasification)
(TTR®-DG (¥z1& & 7 R1E))

Fig.10 Co-processing flow diagram
(LAY PTG TOREYLET O—H)
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4. 5% 0 TTR® it A

4.1 TTR®-DG (32124 R 1k) '©

TIRECiTE A > FOFEFE A2 EiR o £ 2P
SHLBIELFRETH 5728, BB T TTR®-GIC LV
BET T AT 7 HED ARGy DT A ZATV, BT
TTR®-DIZ L W KT DE\NSA < A7 B ORI
HEITHIZ L HARETHD. 20X IR TRRE 2 A
MAB LYY AT AMEEN ZFig. 9= T.

A7 TIL TTR®-G CTHAME L 72 Al R N i o 7
BUREHZ L0, EEERRET T AESh, @mbe
=D A ekEE LTRSS, —TJ5, TTR®-G
M HITK 520°C O TEUREIDNPEH S b7, Z D
FHENA W AR & LT TTR®-DIC X Y &5 /K D FEFE
MEGREIEDLENTE D, MREOKEIT —
FTAY V=T AL NEEE R & 2B L,
AL TTIR®-G I, JFEHI T L~

ZOXIICTIR®E 2EFA LT, K DE A

Fig.11 TTR®-HR (Hg removal system)
(TTRB-HR (JKERDBEEEE))

Fig.12 Test result of mercury removal from
kiln dust (Changeover time)
(FILER MO KIBESBE L -HBRER

(ERZEML)

T~ R, BET T AT v VEORRERG L LT
& A & Z RIRRCFEBLT 5 515 b R b & C
H5b.

Fiz, AV RRTVTROHETT TICEmRSATD
5 ZHEAERL TR A v FF L CHERIT 5 Com
processing (BED /R FIEITL A ¥ = A X —F53K)
~Fig 102" T LD I8 T v O3B 7 & O
RLBRAE [ L HH A o 7= TIR®-DG s R & & %
TW5.

4.2 TTR®-HR (Hg Removal; 7KER4>BE) 'V

TTR® [ ZEE D& 2 o kO FEFR D BHZEL A F1|
L7 NEEE CTH D728, KEBOFERIEEIC B IS H
THZENTED., KIBEFX A NI HKERE 5B
T HAEE (TTR®-HR) #Fig. 111RT & &b, K
REA XA N E@EIRTEEEZIRA L KR A 5%
IEELT- T RRBROfE R Z Fig. 121277,

7 R OFER LV, AKEEIF400°CLL EITINES 5
Z LT, 5% L EMGBECEX D EREFEES N R
MR & & BB RMET LTV DA, i
RERDARFEEDERT-DFROEERT & & b
JFUBHC B & L TTR®-HR 2 b A G IS S nvisn o
EERLTWS., ZO®), EEORFITHZ-T
I, KRERENSPEHAEE X O I TIRE-HRHEA
AEFIEERTHZEDNMLETH D, FEHETITTIR®-
RO EIR T 4V Z—TH A NapBEL, KifEE
L7 —ZmAIL, KEBEHEEL, ¥ 7 THULT
D T AKIENYEIR 7 4 V2 — TR W&,
PEH 5. —FIX Eko@y 7 A =T — L LT,
TTR®-HR ~FEER 95 .

Fig.13 TTR®-DS (Desulfurization system)
(TTR®-DS (BB RT L) )
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4.3 TTR®-DS
(Desulfurization System: Bt FEHIEE B LU BRERB)'?

ALEEITAEAIK (Ca0) L &mITEHTeAR M AT A 2
o UERO AL, AL —F% 7B IO
Z TTR®-DSEEE TITV, BihiAlzfE L <, S
INT T 4 NH— NOIZRIAFE A NV T A
o Sox E AT 5 HETH 5.

Fig 13l RT LA b2V A7 a5k
Wz, 24% L, —HixFAF YU —& L, TTR®-DSIC
WSS, fthFITEJR & U CERE TTRY-DS (2 A
hnb.

TTR®-DS N CT/AZRL A i L= BPHR FTAT Y
—DKFITEY, MIGFOR LY A7 v R
b5 LEHIZAT Y =B END. ZDX9HIC
LCHBEENTZ A R U v 7D B BERAIDE 5
, KAERE & BITBRRFINR NS 7 4 2 —ZFA
I, NTTANE—NTEXNVPTRAZEEND
SOx 2SifiE 415 .

TTR®-DS CTHLE 5 44K (Sample) D flifiihAE
BT 2720, Rbhad A 7o FEEnbRE Lz
EAIK (Sample) &HFEAAIKE LR L 7-1HA K
(slaked lime) &% Ca/StbzaZ2C, HIRELKF
\ZFEEE L, SOx & ¥iilm L C, SOx D5 ikER % 32 L
7=, ERER A2 Fig 141703, B L 72 sample X
slaked lime & bl L C, (1RIX[FAIEEED SOx 2% WY
SNDHZEITRENT.

Fig.14 Test result of SOx absorption by sample
made from cement meal and slaked
lime (Change over time)

CHRIRER FLRMMNSRIE LIZER
[RD SOx RYREHERFER (BBEFZIE))

5. F & &

TTR®-DH L OTTR®GITE A FOF L b —FF
BFRLOBEENE R T 2 8T, etk - Mg - &%
FEHEOHE CHAEIF L Y EATE Y, I TIZREMm
fbL, BUE, ERNMTHIERF TH S, OTTRYY Y
— RV IIEEMTE & & 2 T2 BB T B 0, A 1% SEREER
&0 MR A R, ERAG LT DRI TH D,

# B
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ZRMED LTELER L BT ET.
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