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Brief Overview and Recent Trend of GaN Based
Light Emitting Diode

1. [FLBHIC

20 ACITILSEBIAR FIHE, & D WX R X A
4 — FILED] & Ebh T\ i=F AR HLEDAGaN
REAEW EFERIZ KL > TEILY, ZotticHES
LR o THBITR8FELL LD A A2, 4H
TIEYOEDLFN, HH5WVNVIHFOREIVOLEL L
ZHbHIZGaNRLEDZ /L5 Z L3k 5. 44,
FOREDOHLTH-T-CGaNZRENLZE - TH H 03,
BUE ClIfk i) S84 EIE COLED 2 2
DGaNRLAMF-ER TR SN TWD. F7z,
WK & DA E DI LY FEH L7 BELED,
ZLTAFEIICEALESNEY ELTWDEEE

—[LD] &, ZRELERBNTE TN FE
AltsnTnsg.

SHIZBWTY, EFETFEMbOTERER EOH
WA B 2 VLT RE RS BLIC M) 7 i < M X GER
DRE AN 72 &4, AR CHRZIC M S 5 Bl
conference, MEMICAIZINDE XU T ¥ —{HEL,
ZDOWRINE, BREDRIIZIEZREL LORD
5. 20X I ELWREEEZIT72GaN%
LEDIZHDWT, O & 5 m 25809 5.

2. GaNRLEDDHIE

2-1. LEDOHRIE
FETIHOIZGaNRL AW FEERN E S LTHE
KD DN EHICTHIAT 5. L < IXHEMEEE
HEHEIZLTCWEEE 0.
BRMERTHNTE (Fv V7)) B~vA T ADE
FTHOHNUYERE, T UTNT T ADIEAT

* Toshiya Uemura

£ # & # -

H LMY EIK S (pniEA) LEIRIAIRND
FZEEENT 5 (EFmEE) &, B1IZxR
TR OIZE T Epll~, EFLIEnffl )5 ~FE) Lpn
BAEMTEO > THIKRT 2 (BES) . O,
EFFDF-> TV XX — L IEFLDOF - Tz
TRAFXF—DEICHYT LR LX =% LT
BT %.

pussgs | . 7Y 7
gl QIQOQO0 | 4 ("
% <G T~ % |
-

1 pnESROX v )7 ORkF

o> CTETDFFO >R /LF— kI%@ﬁOIX
NE—D7FE (2L F =N X ¥ v 7 Eg) |
of%%&%ﬁ%iézkmﬁé.ﬁ%kbf%
R & LA FIZRT.
 ZNHWE A [nm] = 1240, EgleV] )

ZOEgiIWEEA DM TH Y, MRELY -8R
To 5GaNIL, [F CMEEY FEARTH 5HInN
RAINE DRFBEZED Z LTk - T, JREMICIT
B L Z£200nm7> 5600nm (FiTIZ7e > TInNDEg
1$1.0eVAECTH D L OHE2 L H Y, ZOHEI
RN LED S fJEE WD Z &2/ %) D3N
WEEZEDZENHED.

FESFZEE 1 BARE 5 3 Bir=



(42) GaN;ALED O EE & f i)

2-2. EREELHEN

X 2 \[2BfE, Fx BE#ELL TV 5HGaNRLED
RIFAOWEREEXK %2 ~7. pMoGaNg & nfil
DGaNE %, B EN L THEE LI#EE s 2o
TWb., ZoXoicpllE tnlE s BEEaEd
W2, MIZHOEZEATHZ LICky, EFE
HLEWVolzXx Y VT2 ZDRBORICEFIED Z
ENTE, RISHKEES ) g2 en
ARE & A0 . B2 D mh Rk m T U S ER T
Foxlx, BRFEND 2T L EEERE & &
WWIcHEE S22 EE FHHE (MQWHE
W) BB ELUTEALEY. 4 H TiiGaNA&
HHFZ T OEETHRENRE E LTI OMQWHE
HEBRHLTWA.

FSE SR S, B2 (a) iR d ik
Bkl (7 =A AT v 7% A47) % LI7-LED#
T, EORENBIMEH T L EEpEMm A E
LCAMTICE Y Hansd., B2 ) iord 70 v
F v I HA T OLEDHR 1%, — & OLEDSE 1
TIXE M pBEM TONMIUC L DB KRB 571
W, Y77 AT ERNS R X 52
HKEINTEHLOTHY, FaxITVHR 19994 L0
BHEALZFEBL TV 59,

)7V 7" F97° 547
X2 LEDERFDWEEEX

@)7 ATy 447"

e x N OE Y L T RS 5 GaNALEDE,
ZDOXEIRFEHIEFZTERIITRT T TEIBRIC
MHAAALTETE THOWLR TS (WTFd 7 = A
AT T HATOLEDFHZ ¥ & MAIANLTERK) . 1§
NFIEZ AT DT 7%, — KA RR Z
EFEEINTEY, T4 AT LA RFACKREBRER
HEOWBHESENER SN A GEICHV LN,
—J7, FREEZ A 7OLEDT v 7 13ZSMD & FEE
A, HEHEEEOB TR, S U — 2%
O/ INETTRBICHW LTINS,

X 4 \ZHE, Fx nEET O BLEDORER

N

CUTINES P OEHES T
B3 LEDS v

1.2
E »
L
=
B
E 0
-
M
|
T
e bl
L]
350 4un 450 Siwy S50 (=]
Wavelength [nm]
M4 ERLEDODFEHLARY ML
25 45
20 4.0
g - E
i":: 13 // 35 &
-g' ﬁ% §
(=)
= L] -
510 / 20 §
- (=]
[ =5
I3 /’ 2.5

no 20
0 10 a0 30 40 50 il

Forward Custert [td]

5 FRLEDOER-BEE-SH K

R ART MV EIRT. FRERMZZLED D FF
PCH L EI-ELE- Y DR 2 FALED & ] &
LTHE5IZ7”T. LEDOK#E LTIk, OFmn



5 A R

Vol.45 No.2 (2003) (43)

W, QWHEEB IR0, OFBEND W,
@OINBEMENRH Y, QBREICE LY, 2L
EFRdY, GEOEHWEEGOBREBENT D
TNRAZAELT, b BHBRENK LA TWY
5.

2-3. B L EDDEN

EHEEEOE A - FFELEDSBEIE S, k1D
HDHRELED ElAGbEDL 2 EICk - T, KD
RO EREAIET-AALEDNEB TE 5 L9512
otz LNLERRNLZDXA7DABLEDIT,
ZBDLEDEF 52O E DR Fr— 0745
(8 DODLED#E +4%21>oD 7 > FIZH AT
[8inl]) HERH Y, BETEHEIZHE (KLED
O S EHE L TEEOREEHT) 245
ETHORBIER SN TV,

19964F K IZ H Hifb% T30 5 LEDF 1 % 1{#
LoMERA LR WAABLEDRRESINZY. i
HHLEDD Y%, YAG L FFEN 280t R4
HZ LIV HABDOREAEST, ZNELEDD
ENOTHLILIHFOLROSEDLZLICLY AR
KE2FEHATLHHLOTHD., SHTHE, 2okl

EA AT SEEETEAE

|~} St LEDZET

6 HEBLEDD#EE

1.2

1.0

L

0.6

o4

Relative Intensity

0.2

350 A 420

22 &0 &%0 oo =0 i

Wavelength [mm)

7 BRLEDEERHXAKEHAGHE:
HBLEDDFEFL AN kLG

MERIch D26 (H+E, B+ L rY) %
BOIELZX2A4 7080, RGBO3JF A DIREM %
EARLETHHATOLD, EHITIEENETNDH
A 71Zxt LLEDF 1 & @R O A S bE RN L
OMEZ B, SR AGLEDRM ST
W5, —JF, BXEBIZEY, Tek Wo7=38 &
b EEEE R—T9T 52 LIk o T,
LED% FHMCHAR N ZFHBLIE L AL R S
nTn5.

HELED L AR E R EHASDbEZAA
LED (LI, [B+YH®LED]) o Z v 7#ik & 5
AR bvEZERENARG6, B7I25R7. Bt
AR M ERTHEGND X O, ZOFATD
HELED Cldfkk o3 L ORI OXNZ Lz
W, EEBME MERERS LRI, S Hn
TOMERDOEKOEEF/HT H0) B A+45Th
HHDD, FEFINENEWTEOIZBLETIIAR
LEDERET HHFEL o TN D,

=1 KRRV LGTBELEDD LB

Type 1 Type 2 Type 3 - Type x -

(| LED |F. & & & BER ?
i + + + + +
| mARE EL B #.87"/F <
BEREE A P X~ L O

| (BREM A A O O
et O A O O

[ | A&z O O ® O
2Ak x O O O

R1ITRENZRABLED, 3% A 7OK#M% %
DD, WITNOX AT HRSTETE DR
HLTWD EIEEZT, BT U ZAOENT
W5 [B+YHELED]ITYH, kb L7z @fEekLigt
WCHBLEMENS D (ERER, RERE, 5
VIERRRFRICBE RN ZEIL T D) Lo RERH
5. ZOTERSICEEMTRT. TiX “Type
x” FEBETHIFE )T IV
oz, LR 380-400nm D& K LED#E 1 &
Rk B OB AR EMAEbED Z 21X,
FEHWICEF 228 Lo AGLED TG
TRUE WHITE HI) Z#BA%3 25 Z &ICakE) L7-9.
K QIZHH AT MvaERT . BN D DOF
BOHRTHEEZEH L TWDEOEZEMEICEN,



(44) GaN-RLED DHEE & FifrEhm)

wH L1 O
- e
i E SO
3 ;
1 1B
05 i L
i |
] |
o= .
1 o | 1
o3 M
:- .1_ -
S I
e i B 0
T - .JEEEEENE S
1 t t
e iE E
nll:ﬂwi‘i!. ........ P
] m o3 (1] o s 0§ o X

8 CIEEER E®[B+YB®LED]

12

1.0

L]

08

Relative Intensity

o4

0.3

L]
350 400 4230 S0 S50 600 &M TOD TER ¥0O

Wavelength [mm)

B9 TG TRUE WHITE HI DFEHEARY ~ILH

MOCVYIEHCLES
B R
[ ks ]

[ #7717 245 ]

[ #EEELEDT7° | [ =i |

ST EE

RSN ERERE T o — N te AT
DD B 0 /HMERET S, £, BBA
TOHBEBEOERAKOE A EEZ D LITLY,
EEORNOEHZLZ L LAREL D,

X 52, EkO[B+YHEALED] THEEIZHEH T
HECUIE UIERIEE E 7o TV D, A E O£
KA (RAMEICL>TEENEDHMEE) 12
SW\WT% TG TRUE WHITE HI) Ti3dERICE
a2 A LT 5b. [B+YA®LED] TIx, &
B LED DRI & Bt S =36 mn b 0wt
EDNRTUAILL>TRENREDLN, oD
WA TZDONRT U AR — IO N TX
RN, WAMEIC L > TBRENELTLE
5. ZhicktL TG TRUE WHITE HI| <TiZ,
BEITFEADOE LN T v A X > TRk
5720, ~EOBEEROIENFREERD.

ZOEITHEDBENT-FHEEA LTS TG
TRUE WHITE HI| %, EXRMICH[B+YAE
LEDIIZIEW L)L EZfER L TER Y, FxILTZD
TG TRUE WHITE HI| 33k BB YEIR &
LThbiELZARLEDTHD L EX TV,

2-4. LEDO&EIO—

GaNARLED D — k)72 fiE 7 v — 2 1 0 (R
T. GaNFRFERELHLRET D100 MKE L
TIE, —mic2A T A X0 7 7 A4 7 IHRN
M i, MOCVD (FA#4 By MR
Metal-Organic Chemical Vapor Deposition ) %

10 GaNRLEDO & ETFETO—



5 A R

Vol.45 No.2 (2003)  (45)

2 X0 BB OGaNR B RS2 T8I S lE,
@ L7=1%, PVD,/CVD & o 7= BT p L T,
BT =y bR TANBERRY V7T T —
F O 8 R 7 0 A ER AR5 Z LTk
5T, HEHINZ300 1 mAFEE D GaNZLEDE 1
DEMINTZUZAEGD. 20Kk, 7B TH
Wk Ve OFRTFITHESh, BEF= v 7R
RENTHBIZT TN END.

7ML TR TIZILED#Z 4%, B A v Fik
T XD ECRR R — 2 ISR 2 DR RE S 0 FEHE
R BiC, EmT o5 — K7 e
— A E TN DR RIS L, VA v —
R T v TS A P R A A e R L
TRICRIEE— LT 4 v T TRER TRKED T v

TREL 72D,
-
Horas P B
""

R

RF2IA L
(RSO

<
(TMG TMATMED +HNH, — (AlGaln] M

K11 MOCVDiRIZ LK AERAE

RTREZE U CTREELOREICR L EEE KX
ETLRIE, RYOEEETRTHS. B11
IZMOCVDIZ L bR OMEL =T . BT
LHEGEmOMEIE, RERE, REES, BREE,
H AR, TAREEORESMHICIRELSELRS
nNo. EOLXDREERICT D0, Lot Bk
AL S 2 D, EERE TRIZLEDD
25X, BREVER, FHa, £ O KRt s
LEDWEZOMWS EH2EBERTRESZD.

3. GaNRZLEDOEHIHMA

3-1. AFEFLUFK

W), R A R L CHGaNALEDS:E o fl
A =B —1Z2~3t ULIFIE Lo 723, A H
THE»DL104EE B2 D ETIZR->TEY, KL
BB AEDBRV AT o TWS,. £, HA

LEDH & T, FEAEY PN HA_RENICH D &
O ENRFEH SN TWDIZHL b 5T, RIEHEIR
AR ERRAENTEB Y, £/-—FTiEER
i B ORI N S 2 B D 1=, FEFE &b
5 TR IR 7 BN BRSE, AFFEBH I 3T AL T
W5, BIEDOGaNALEDE -2 KD B3 D J5aE,
REpmh e LTiE, Omah®Elk, OKXKEWREL,
@FEI R, D3DENTELEEZEZDBND.

3-1-1. @shFEik

BRI OWVTIEE D FTHRL, RKAH
WCES TRV MENLHEAECHY, 3-2IHT
BFFHELIBRIZNEES.

3-1-2. KEkt

AR, KREBHAZRTZENTE, ETREES
BHZEMNTEDHLEDY VBB OENE BNEA T
o 5. WE D300 p mfAFEEDOLEDR 1 & fA2iA
NTET T OGS, RKSOMAREE £ TOEME
WX VEREI S5, ZD104E0L Eo KEHKZ O
EOOLEDHE 1IZi#ET 5. LEDRE ¥4 XL L
TIEHELS ImmAREDO L O, RHSHh, &
TR & L CiE350~500mA%Z % — 47 v h & LTV
%, BRENEEIISHVCTHLDT, IWEHBZLE
AR ImmAOTY TITEASND Z &Y, &
NN FEDGaNARLED E 52 8, BAIZHIK
L 0N NTE T ORI S/AFEE 1T IC B ST B L
7o TCLE D720, LEDFZE HIImEa 343 5 EL
WRE72%. LEDHZ I3 ORALNMELE L TRED
FRICHENFREEDENE T T 5720, KEICEAE
T B EAE WIS RANZEK N L TR LD, Lo
BRI N Y —T 7y n Y=L b. D
7=OLED#E 2B E8R5nm <, AFEE KEL
LIZEMICEETILERHY, HOHBREDORY
2—LDbHLHERMIBERNFZEEME L THWS
N5z EmEu.

3-1-3. BRIt

BN LIAE 5 72GaNRLEDIE, 3 < & & @
ERRELED OB 2R L, JIXRKE/ADOH
KEMbHo-b DD, INNOIRSEREL 25D
EREMMENEALLTLEY ZENMNY, BIET
IEZF OB X —BEOSWTERH S, —TF, E
FELOBRIZONTIE, BRko L —F—fR Ak
W EHHAEREENAKND Z b H VIGHITAT
OITWD., el TIEMEE L~V TiEH 573,



(46) GaNARLED O & B

FW R 292nm OLEDH D3RR S5 £ T
IpoTWNA.
B L Z380nm &V EEEALT 252, EE
O AR OLEDF 1-#& O F£ & TILEB AR ATHE,
HOHWIEH R TLEILD, UFD XD
IRRHENE BTV .
- FEIE DA
% O I LED TE A & TV 5GalnN T
72 <, EVEgDRKEZRAIGaNH 5 W\ iT
AlGaInNZ% v 5.
- FEWIHR K D Bk
GaNCGaInNENFIET H &, BHE THRER
WL TLEWAEISEZ B Rz,
AlGaNg CTafRE LT 5. HHWIL T H
L bnfiljg s — BIXE'EOGaNE TE K
L, BHEUFEEZRE LBIZY T 74 7%
WHE O TnGaNg 2 rET 59, Linolz
== R TIEBRFT SN TN D.

o i K e ORI
EI RLEDSR 1 Cldfs R EENH & 5
VITFMICKRE S EEST D720, KXk
VBRI E o TWA, NEICOWTIZIRIE
TR T 5.

[H_.,-.-.—.» 4 Bup l EhE2 HI 1+ —up

KBk

K12 ALY FORMDS EIZIE

PLE, 32D FL Y RIZOWTHIALTEZ
D, TUHENHBETRIMEG DN E2WDTE X
THDE, —REHEWNIXF—TU—F2BR 2 TL
%. BEICGaNZ AALED O RITABER DO Z
(151m/W) % ERl-> Tk, EHEPKEEEZED
— IR ORFEHRE TH a0k (FhE1Z501lm/W LA
) IZH S TR b o TV 20121, E2 D KiE

IRENRAL E T M T2 0 O RO EE NN
HRM LD, Fio, ST O IRE M 2 R 7z
LI OITITE RO FENBED A TDIREBIZE D
FHEfbnNMETHY, LEDFRFORREK T2
LR EEE LT EERE O s X —1k
(Z Ko THEIKDFE NN R REL M ESEHED.
b LHEW, BUEERTHNERYIIKESNLTWD
— B DR O LEDL 0@l 2%, LEDFE 1-Bi%g
®DDriving Force & 72> T 5.

3-2. BAELEMEMA

3-2-1. AMEFHEDAL

W E TR LT, BEALEZSFY U T0 5 BX
A I NDEIG 2B L, LEDODEE D F

BREZH LN TES.

[ % R Bfa D 1K 3L ]

FITRANS, FEECBRFBICEWBLTER AR
FEN TS, HEdh KO RIC OV TR
T 5. GaNOFESRER:, EBRICHWL 7 74
7 HEM & GaNE S §h & OB O E s, BUEE
FREFEICRIK LT, fEdoRE a5 K
ba (BSEEEAT) DIEWICEBEICRET S, —i
W Z O3 EEE (BEALEE) 1310%m 2Ll k&
SN TEY, FIZEKEDOLEDS L —H—4 1
A — RERBRTLIHEIEIBME LS. 206
NEE AR T D 123D O FIRITIT KRBT 5 & 2fifE
FHY, ZUTERMEREFRICHBIER20WE D
2T A HkE, AR ERAESERWVE ST
HHETHD. BIETE, X2 —=v7MT LT
FEMR & VY, E O R R R [~ 0O AR
ZX D Z LT XD KR R SR TR N
fiF, EHmICEET 202 (K S E 5910, 4
1107cm 2L FOEEEE N EH TEH 0D, #
Bl BPE R I M - - TlE, BEmN TH—
RSVE A ER S ELNNEE R D, BED
FFUEVE, R s BE OB TR 22 (b 4 % Bt
F 7T KR B O TR 22 AL 4 5 5 i 8 23 BE L AR &
NTWAER (Fr7Lr—RrEREES) #HV
LHIETHD.

Jtx, MEZEAY R CTIREERO V7 BEA
FIELR DT T-0I12, Y77 A4 T HREHNT
ANTEHIEXXR VY LREEZ L TEERTHLN
HRNL D 18 56 FE R AR DARTE X & 0 BAE MR OB T
HY, N7 EROBRAITLROMPRE D,
ZO-OFE 2 O TIETORZ « BIECRF TG



5 A R

Vol.45 No.2 (2003) (47)

AT T, —H o A= TiEIH 57
FEHbIBEE - TWAHID, —TF5 RO ERTH
D207 FRRITRT L, T EEUMIC BB ST X
FIEEOIDONT UL —FMERYTHS. WD
MDA =T —nHEEA LN 72 N TWD R, 3L
JIEBRETIE WL THLZENRYV DX hE &
720, aRANT v oy EREE CTOMEE RS
HE, TOBRAITL—V—E TN, A, UV
LEDZEIZRESINDI D EEZLND.

[FEHEADZXL]

AR KRR IEFICE VI bbb 59, ik
GaNRLED# FlImER T L0, 5L T
B2HICHIE LD, TRETORET A A
D F D BTG LE ORI W TR B 1)
FUEBNREINTEL, firx DA D= X L0
EEXNBE OISR RN 2SN TWDN, K
SER SNV HERIE RIS F TIEE o TV, FHfm
Btk 0B E D X2 l\%%iﬁéf, LEDE LT

DOFEREE 2 THET 2720121, B0
K D 268, %@iT%%LTm<ME#%
. REPE BB RO BRI b IEE B
BREWZ bbb, BIET 5 K5, WFFEHR TIX
—HRIZGaNZ O ICICE D LA TWVWDH L H T
»5. %< OMBENLZFEEZERRMENRINT
WD, YIRDOZ LN Bl SR Y — 7 Ok E
et RS R - TEBY, MEOWEMEE
E RO TV DR EELRD.

GaNARDFFORT v ¥ V&2 KRIZH & T

ToOIZIE, HESLSNTZFEIEA T =X LITHESH
HOREMER - #ERFHEZ L TV ZERLETD
5. GaNRFEIFEFORICEF L VD *EZIKE!’JE

WThdHmH, RKEMRESTOEEENES
5.
[#5 &R B

Y7 0 —DIE T L 9IS E TS
IS5 THLIFE 2D TR - i Tch oy, meE
LB OB AICB VT Y, TOREGE 2T HifFC
HbH. W HERWEMBKEHZLTYL, HHW0IT
Wy PEFRL R 1R C ORI 23 R ERAR A 72 B R G - T AR
BRI LTYH, ThE BB LT < TIX

EEEALIZITRE o 7w,

WE%@%K@@@b@A7% X TE TR
TORE T v ARG CEGADEINLL ST
HHD, @S ELEBERL TUTITIERARS 5.

FEE LRSS IXCVD & W OB RS & 5 728
FORISZ R Z AT L, AlGaInNZRIZ & > To
HAEDOMISREHE, hxe BBk ol EE
EREFILTWS ZENEETHD. LLREEL
FEWICTE M7 T A Z @R FCTEHT 5729
ST TCOMNTIEHEZ O B2, FT-KERE
1Z1000°CLL ED B T CONTHKIG & 725728,
Z DFFENT / FRAEHANT 2 BB X 703 O #5 Sy il B H Il &
Bro T Z & 3med THEES EE R & .

BAE, MHROGaNAOH AR EREE L LT
R LFELTE LT, A7 HfkERk, 2
DI TOFHEASAE BTN Fr—HED M

NBETFHEDM L HERYHLBHED R £ Z DDA LT
-EERRMEOIER | - BERETOH LR - SRR

YRR S TG

SEHAN=RLDES |

R k—w

- SRR

EREEENS
$ed FHA }‘

e 1

MOCVDES

B 1 3 GaNZRLEDDFAFE BN



(48) GaNARLED O & B

DIETFbNE D ELTWD, EEHRFICH LEX
MEBOa T MEHBHLTWD OO, HAE
DRIEFRND R Z T RVRIICH 7=, F1-H
EA = — DL NTEBFEDOEBEBEAN LK -7 |
TREM 72 B R MR 2 iR, R 2 7o 32 A
— =D Y E—F—|Z 5T NH LI ThHAH.
—, BUSHRATICER 2 @& 72 iF 501919 8 — 5
TEHOINEFEINTWVDS. FERFET LD il
R H - THERARN ORI #HEh
TWHIRBICIE R L, ¥ 2 b—3 g VHRITIC
L, HDOLWVIFEEA - —&2FEL L%
DRI TND.
HELEDFEIL Y Y] & 13870 0 fl 4~ OWFZEE 5k
BRI =T 2o TWAHBREON, BMEE To
EZRIbEFEBI L T oz, ERLZX oI
HiE 7k bl R BSOS AEAE O fREA & s < BAR

DSOS, Fhvx BB T o2 E R I
LV, GaNZRNHEF L L ToOMELER L2 X
STWKMERHDLEEZEZLND.
IHRF#0E
" .1 - ‘ e o -__:_::_ 3;' p‘f.frii?*:E
n-GaNf§ I\ J;,'::- A
AN
HI7AT HiR

14 BEFMFETOERS

3-2-2. AMYHLHBEDRA L

GaN A b XEIT RN Em W72 DIZ, LEDFE 1fE
NESCTRE LD 26, SR HEn b
T e HERENE TR AE L, DWIZITRIIE A L
‘(Li IR MR VAIFIET 5. l1 42T &
W2, Bl z2iEn-GaN@ /%7 7 A 7 HAR N i To
%ﬁﬁ(%ﬁﬁUL@A%ﬁﬁﬁﬁmﬂ%bk%
WIS LT LE D) 1347, p-GaNE@,£—/L Kbt

B Ch 2 AR R IE R TORMAMAIT38 TH Y,

MOTRS L —RZRLEDZ 7Oty L

WFEIT30~40% E SN TS, DE D HENKET
FHLIENERTHRY 32 &N TEE, LED
O L S X2fELL EIc72 %, LEDE - E N EE
b, EHXELTERZZELHY, ZI1~28, Z0
B CORFRFIDIERIEL TWD. PSREAL &
LTHROLDENPYFEFTEZ DD, n-GaNE /%7
7 A T HENRHE, BLOp-GaNBER TH S.
n-GaNJg /% 7 7 A 7 HM R ORE W 722 Tk
Sn Y= SO T | B A =3 S P LI T R = -* S )
LOTHDH., ZOFETITERLUEZ K S ICHRK
EOHIERE CHAMBREZRESELILERH Y,
fEam RO & WO MR B WIFRFTE D, M
BREACOHETHRANIZL S, 774 T HEK EIC
IR LRI 7 7 A4 T EREBREL TL

Fo AL IN TS, HMOSRAM Opto
Semiconductorsfth Tlx, % OHs ik E#% I A
Peopa 27 NEBEEKL, ZOpa &7 b
WAR BV OWIKRESES, TO®RICLY—F—
V7 " A7ECE Y 77 A4 T EREREL, 8
HL7Zn-GaNElZna v #% 7 NEWRE KT 517,
EWVWIHHIH R TIEERBELTCWD., —F, ThE
TfiaL 72y o 7203 K Creefh TlE, ##K & L TGaN
EWTEBDT 4T 4 7B NSICEKRZ H
WTGaNALEDFZ 28 iE L TRy, Zohhe
FEWn-GaNE M A Cld7e < & E—/L K=
R AR CORRA N34 LIRS
BT, FEROIERRIN T L0 B L%
ROKRMER M FAFEHRLTHD.

p-GaNJE R A IOV TIX, BHE ORI T
BUCT XV BB p-GaN] D 2> & 7 MEFLOEAL
LT, Kigeffgz EZ8 LR FIEREH
mfb STV, RHEBMERNEVFIEL, &
S O FEMp B AR DO LR R L LT, b 7 R
EHRTONFMEEBRAT 22 EDBEZEZIONS.
FoRIE T, pGaNBRmIZT7 + F = 7k
EIGHT 22 1> TR H LB EEZ50%7
v IFLHERDL I TS

— 7, ?y7ﬂﬁ@f@%%%¥%@ﬁw%m
Tk@ FFRFH IS MA O T v TG

ZRYRERFGEEZFEROL TCWDHHEHDH. T
tb7/7mﬁf+“@m%%%%m#_imm
FUT ORI ME LI D720, g « i)
REINTLERLTHD. LnLans, H
1, MBAXERITE L TKBMOKRERT v~ 7B
B THD L, Elowmiogry Y v 2/ H
THAEBT T HONT b o7 SRR I 5



5 A R

Vol.45 No.2 (2003)  (49)

DSEERF D RINTVWDH EIFERT, F07

WETHE 225 O —JE ORI 2R R EEND.

3-2-3. ZOOEHELEM
BA%E b L FOIETET - KBRS & LEL
HiicE a0, FHV A X&KL KRENR
LT LICl o TENEEERTLEVD
DIIR DA BT b7, L LB ISR

LEAM R T D Z LICK VDR EHD D,

HOHLWTEVEBERTHENTE L2175, &

W) DIFEDCEALBANO#EEICAL EEXBND.

KBEIZEAIEDD TERLSBEYA XOFE T
f%,%ﬁﬁwmﬁﬁﬁﬁwﬁﬁﬁﬁﬂm%ﬁ%
THIEILKY, EHEAERLIEADRINT
mé KFlZ %ﬁ% ER D T TR, FEE

WCHHRRIMEI A WS TE Y, 7/7m%
%@ﬁ%7/7ﬁ%ﬁMD7/7%uﬁT&bvy
NEME ST, 707K TORMEG A LI X
LEtECRRIREmENEL, T oEiE LT < WTRE
MRH 5.

BT 7 OMmENIPEY, wOGIRERZE 2 IHDE %
WRDLEL O T&E., ZNET, EFbbomet
W) ERIGHIZR D CTh - T iR FEETH D,
BLE Tl it b Tt B ARIZR5{E L 72 conference 73
B S, KBOLED¥ERBEBRENSET HET
W7o TWA., AT 72 o TENIEKROZER
T XL A VT MIT T OENET SRR

572, LEDFETONET v 7 & R ICHEEM S
NTWa., w1 Ry ek vy, RITifT

WoF T av—wH0TEHERBL I
Tn5%.

ZOMOE S E LM E LRI T T —
HIDLDERYT-L20N, BROZ ERNS
LED#E A — 7 —TlE, Hx OHLERMEICHT-
L BRI IS 5T 5.

3-3. MiHRE

FHELCR, NEFRICHER L T & 72GaNALED i
%X, BUECIXLEDTS 2K EET HICETE
S>TWD. ZZHFEOTHGOELZITHERERE T
HY, 2001FIZHOWTCIIEERERE T 5 D% HiA A
) ﬁ?tﬁﬁ§%ﬁfhl/f;%)g)o)ﬂﬂﬁzEl&t??fb?gI/
SH%LEFICHBE L TS D E TSN TWD

K15 \_7|<Strateg1es Limited {2 5200735
ECOMGHETH ZRT. InGaAlPRIREALED
EOlmEELED T S2E TOTH &2 o T

HH, WiRE L TIZGaNZLED S 7TEIFE (2002
FETOIERBERN—R) Z2HEDTNDHEHLDOTHS.
IO GaNZLED Ol il 1 13 H 2 ik 5 & 2
ANHY, FREALEDWIZESL OH £ 9w 137
WIFTHY, MEX—ZATOMONRITFEY -5
LOEBEZOND. EEE, HORY EZRLELTH
B OAL O —4%, HPTEANTDT 4 A
TrA YA R — FE, GaNZLEDOEHANE
HIZHEDN > TWD., Fi-FxoaEEEXE 7T
L, BAECHENOLL S ZH LIZLED A

SNTEY, REIZRLE LWGaNALED Z £ M7
D29 LB EHICERBEL TS b D LHE
Zbhd.

|0 Other
| H Nlumination

| @ Mobile Appliances
| O Signals

| = Signs

| O Automative 1

Revenue ($ Million)

o4
2002 2003 2004 2005 2006 2007

® 15 S¥EELED Market Forecast
(H#1 : Strategies In Light 2003)

BEHEIRICOWTE 2L, U7 —RaL W o X
v 774 M LTHBLEDVHWSHNLTEY, A
VU= AR AN I X —a LT
L <#EAShTnd., ENTEEEZIZIESTD
WRETZOLIZZHINLTWE DD, HIMNC
HEMETDEEFREEERELRTHENHEBEZTW
B, 212, T —REREE oW TCIE, BIE, RU
HREHE T THOIAEMELOBREN KA T, BICE
KRB RAREIDIEE > TB Y, FOEARRIC
RAHEZATHSD.

—7, BRER IR I W W=7
DM SN AEMEDLH D, FFICEEER D
LEDIX, T E CTOKERIITIZZR VNG it E
Hgl A, {EREDOHREZR N TE D, Lol
Bx DR R EALTERY, ERSHFETOIGH, &
fit v TENA~OIGH, ®EWE - et o
FEYCIREE 2, UVHIR E L COBETEILE D &0
N2, ETMOMEET A X EDEET A A
DREIZ L0 O ER b, SMIMEE LA &
i, E<HHORBETSEAEIY B Tun



(50) GaNARLED O & B

<AHEMEL 5.
HMHEINIHEHANSETH LN, btttz
BAEORITZIZERERHHITRA TN TV
V. IBIATIGICHESZICZ AL T DI, 2
i (Im/W) L3252 E7Ran5, %K, A b
(Im/M]) B2 THHDHREDOIT D G VDD 7R
FAUER 720, E5I, MELRLEICOWT Y,
FREATH S CTRATE L T < 72 DIk & 7258 A3 11
BLTWA., 1277, 25l —FLraEVBZ
THRPATSG~OREANAEILT L, EOliEH
FUIHE RO L7720, FRMIZIZGaNRLED A
R CHEIKH B A2 MBI X 5 ~—7 v MTE TR
EIaLRAENTNS.

3-4. REKBHARANLRIZAITT
WA YEIR & LT E T sh T
WAHHBLEDTH D2, T KEICR->TEHIR
< Bdiiconference, seminarSoMiEEE T BT AR
BN S Lol T&l., ZZTIEZFS L
TREOLZA, BEET LD THIZNWERY.
— R B EIR OB R L HFmAE R 212
Y. ABLEDDOFLREIE, #FEE L~ T
50lm/WZHEZ 5L ZAETRTWDLD, BEEES
Mk L7=EA L~ s L CTix20~30Im/WEEE ©
BV, FLEELE MBI NEONRER TH D9
FAT T RIZ R SR N LV TiEEB D, L
MU BENCABEERC e 7T T D)
r kR->TEY, FHmé LTHLLEDD F 2 -

TWb7eh, ZhETOGaNARLEDDET v 7
DIERZBRET 5 L, —RBIER~OEH & ]

BT AEN LR BOLEITS. TR RIS
A DB ARAUTHOEATICE > TR > T =
LRTEDTOBS D I

[Fin]

LED D FH a3 -k AR, LW EHELEZ L HIC
T 50, ZTIUILEDZEFOHFMDO I L2 RKHLL T
WALDTHY, E—/L FBIISEIED &3 A4 H
WM oL EEETHELEDT 7L LTITEWD
FWETRER L ~L, i — R EALEDO
LBHThDH. BBAERE LTI TWbE
WRELEDFZ 2 HW\Wi-ABLEDTIX, ®t3 5%
DT FIL X =B E T O JE P O ER DIk
W<, R O Fam & RS D IZIXRR 7 7
CTREDMAL IS, £, BRIIHFEMOES
MRIHER LLEDER TITRL > TEBY, RHLEH

TIEHIHISEE DTO0%IZET DRI CER T H DI
%t LT, LEDZR TI%50% D FER] % e & 4
LZONEHTHY, TORERENRZITANRLN
HZnEVoSTRIELH D, SHIC, FE - iwmk
TREINDHEMERL, Fy o4 Tldien
CLTHBRME I NTET—ZThY, BRI
FEHAST 5038 LA, Mass Production &
VD 7 = — X THEOAT I 00 10,0005 5] & W 5
BENRT DI EIIFEEIC A= RRE N EIZiT
ARV

x2 —MREHLRORME

A O Rl ZhE [lm/W] # i [hr]
HEL T ER 15 1,000
L
G R 'f 20 2,000
AT 50~80 10,000
HID w7 ) 100 10,000
HELED 20~30 ?

[BE/NTYF]

— R HEHSEIR DO AE AT Y F I RIEEIC L TE
S50KFEE L, NOH TR THEWNRGNL RV
LML, B16ICtERPICEREZRT X
21, TDOE50KE WD FFITHALEDIZ E 5T
ITERN BT ThHD. 0BT Y XF0MBEIC
LAERLEZFMOMEIZLA, ZE TOLED
EROFEBREEDITHEZ DLV TO, WEOR
EAL « Wb Z R L TS BLE R D 5.

E=E
GaNZLEDOAAE N FEE TR 542 8H, X
TV ESEITEHRTLEI ERERT Y IR D
5. O ERE /TR ST IR 100 R E T
WATZDN, ZOWHLIZEFESH & “1Ikim” %
FEIZDOTHSH. MK - ITEOMEEE TE DX
10,000MZ 2252 b H A H N, dICH &5 #
T B EENITR - KT8 E RIS 2 NITEAR VTS
ThD. WIZIWHE O KB A G LED 2 %) R



5 A R

Vol.45 No.2 (2003) (51)

100lm/WE TRIFELZELTYH, 1IklmDOEEZE
HITITI0EME L 720, WwHAT ERI%ED 3 A RoX
T A=~ AT BT, 10 EE VD
BAfitg & 725D, —fixime L COLEDDH M TH 5
EHMEZMEBELT, AT 2ABHETEDT-
RAELREINTWDR, LicHEMO L Z A TR
Lo, il LbETE gL LG AIc
L Z ORFITHIFRFTE 2200,

‘.I.'.. T T =] T
YRR i
e e [ |
i | | | |
ot
= S
ifzimi/ .
| ook 5
L 150K | #"E
i 4{ ==
)
SRVAEE
0.3 SRR
ST
0.2
0.2 0.3 0.4 05 X

K16 BERGICRLSIEEE

o Xois, — &
X2l n ETITIE,
AN RAAY=Y
MeDIZ ABVEER-C e P T T, B DV IE R
%%@ﬁ%fmumﬁﬁ@b’@ﬁbfw<7%
PEbH DN, FRIRESE TN ZHITIZLED
%%éW%VXTAp#LTV<M%ﬂ%é.@
Ko TFRERE IR ERR CTH D08, TBIR, BV £
FHICEDLETREAM & T B sikite s
ZEREESN, £FEMIZEXFXLEDE S BB
b T& %, LEDICL)TERWTHA L, Lo
fma—H—lz Lt > TOLEDMH® 9 L L & % §i
I LHTZ R TENE, fExD/N—FKLD
FIPMEL 2 D1 T TH D, KTITBEITEERT D
© Lumileds Lighting#l: (Philips Lighting f: &
Agilent Technologiestt®™JV) , GELcoretl: (GE
Lighting#: & EMCORE#DJIV) & 1\ - 7= K F i

MBI NS E\ATE 5
A DML B 20 TH

WA= RLRNL OHLFAEL TV D,

A —h— LR X — o — L DIVIZ L B 8K
A =D — DN ENTEY, Z0XHiZ
BRI A —H —F CEHERT 747 > A% ATH
CZEbHEEEEZOND., £-—F, HF7 v
— AT v T INTWHREME, &»25WIXHibhe
FESEOMM S OE O, LW oo AMBERED
B L2k, A0l AR OLEDIE AN
WD AREEL H D.

4. BhHhYIZ

AHLED BORENAAEN TS GaNA
LEDMi%TH D2, Zoictv—%—, &7
NA A%, GaNRILEWHEERICHFINLTWD
TN ZAFEELAFIET D, BT S 2
IZOWTHLEDRBRIZIAS ERAfLE N T 728
i, %éwiﬁﬁ?émm?ﬁ4x%@%bf
WL 72902, LEDWnBi%})J#ODWJ:@& A
Ttmtﬁmk%wﬁﬁm&ﬁ, P 7 B oD KA
iR - BRERMEEC A LT B, # LTV —8
DERR « BENLEENDFEMRERN, 638
FHEOX—T 7 uT—LRBbDEEZILN
L. EUEOBETH D BB EECET T,
EL3 D DEI LM & #OLAR BN T T’
FHZBE D D BB TO T L—2T Z)—3 4
HETpoTL 5.

LED % #h% & 9% GaNRIL AW % i L7z -8
RTSA AHMT - HE, 2o X 2 HiFmic
FHEERE N 72— XITBWTYH, B
7R M EAT TR LGV —KRE RSB L7220 D
Sbhb. BEET D ZoicEY ETHAM -
EEGILTHWL DI, BERELEOTIA4T
VAL AN D D AP BB D f A %
Y, 35 & AR EE X7 H3 5 B HEE
LTW ZERFEEZZOND.



(52) GaNARLED ORI & i m

SEXH

1) H.Amano, N.Sawaki I.Akasaki, and Y.Toyoda:
Appl. Phys. Lett. 48(1986)353

2) T.Matsuoka, M.Nakao, H.Okamoto, H.Harima
and E.Kurimoto: Jpn. J. Appl. Phys.
42(2003)2288

3) M.Koike, T.Uemura, M.Asai, K.Sawazaki,
N.Kaneyama, T.Osio, A.Hirano, H.Kato,
S.Yamasaki, Y.Tezen, S.Nagai, S.Iwayama,
and A.Kojima: Proc. SPIE 3938(2000)24

4) S.Nakamura and G.Fasol: ” The Blue Laser
Diode” (Springer)1997

5) A.J.Steckl, J.C.Heikenfeld, D.-S. Lee,
M.J.Garter, C.Baker, Y.Wang and R.Jones:
IEEE Journal of selected topics in quantum
electronics 8(2002)749

6) T.Uemura, N.Shibata, H.Yamaguchi and
T.Yasukawa: Proc.SPIE 4996(2003)95

7) A.Hanlon, P.M.Pattison, J.F.Kaeding,
R.Sharma, P.Fini and S.Nakamura: Jpn. J.
Appl. Phys. 42(2003)L.628

8) D.Morita, M.Sana, M.Yamamoto, T.Murakami,
S.Nagahama and T.Mukai: Jpn. J. Appl. Phys.
41(2002)L.1434

9) A.Usui, H.Sunakawa, A.Sakai and
A.Yamaguchi, Jpn. J. Appl.
Phys.41(2002)L.1434

10) O.-H.Nam, M.D.Bremser, T.S.Zheleva and
R.F.Davis: Appl. Phys. Lett. 71(1997)2638

11) K.Motoki, T.Okahisa, S.Nakahata,
N.Matsumoto, H. Kimura, H.Kasai,
K.Takemota, K.Uematsu, M.Ueno, Y. Kumagai,
A.Koukitu and H.Seki: J. Crystal Growth 237-
239(2002)912

12) V.A.Sukhoveyev, V.A.Ivantsov, I.P.Nikitina,
A.I.Babanin, A.Y.Polyakov, A.V.Govorkov,
N.B.Smirnov, M.G.Milvidskii and V.Dmitriev:
J. Nitride Semicond. Res.5S1(2000)W6.6.

13) HHEEH, =%, AR T R Al &7 15 ol
52 H# SDM2002-14(2002-05)

14) J.Sun, J. M.Redwing and T.F.Kuech: Phys.
Stat. Sol. (a)176(1999)693

15) 0.Makino, K.Nakamura, A.Tachibana,
H.Tokunaga, N.Akutsu and K.Matsumato:
Appl. Surface Science 159-160(2000)374

16) K.Tadatomo, H.Okagawa, Y.Ohuchi,
T.Tsunekawa, Y.Imada, M.Kata and
T.Taguchi: Jpn. J. Appl. Phys. 40(2001)L.583

17) V.Harle, B.Hahn, A.Weimar, D.Eisert,
S.Bader, A.Plossl and F.Eberhard: Proc.SPIE
4996(2003)133

18) K.Orita, S.Tamura, T.Takizawa, T.Ueda,
M.Yuri, S.Takigawa and D.Ueda:
International Conference on Solid State
Devices and Materials, Tokyo, F-8-3(2003)

19) EH M AR LT B ERBEYS V1
A =7 1 K£:(2000)C-3-121

20) Lamina Ceramics: Microw. J. 45(2002-12)104

21) H.Peng, H.Song, J.Wang, S.Lu, X.Kong and
J.Zhang: J. Chem. Phys. 118(2003)3277



—

(53)

==}
[=]

ALY A LB
SLIMZRMETHIRVTERHISR Y —DFERE

He FE- &»H

EmR2, BA #3

New Rubber Recycling Technology:
Development of Thermoplastic Elastomer Based on Waste Rubber

Yasuaki Tanaka*', Tomoaki Okita*2, Tamotsu Watanabe*3
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Abstract

A new rubber recycling technology to produce
a thermoplastic elastomer (TPE) based on
ethylene-propylene-diene rubber (EPDM) waste
was developed. In this technology, the developed
process consists of devulcanization of EPDM
waste, blending of the devulcanized EPDM and
polypropylene (PP), and dynamic vulcanization
of the rubber component. All three are set up in
as a continuous process in which the Recycled
Rubber based Thermoplastic Elastomer (which is
indicated as “RR-TPE” henceforth) is finally
obtained.

The RR-TPE exhibits elasticity and mechanical
properties similar to those of commercial
Thermoplastic olefins (TPO). These properties
may be due to a suitably formed phase structure.
Automotive sealing parts are being developed
and are going to be produced with the RR-TPE
manufactured by this new technology.

This to both

protecting the environment and saving resources.

technology will contribute
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1. INTRODUCTION

Waste rubber generated from in-process or
scrap products has now risen to more than 30
million tons in the world and more than one
million tons in Japan. From the viewpoint of
protecting the environment and saving resources,
recycling of waste rubber has become an
important issue in recent years.

Currently various rubber materials are
applied to automotive parts due to their high
elasticity. For example, tires, hoses, bodysealing
parts, functional parts, etc., are produced with
rubber materials. In Japan about 5 million
vehicles are scrapped annually, causing a large
amount of waste rubber.

When the rubber material is processed into a
product, the three-dimensional network
structure called “crosslinking” is constructed
which contributes to rubbery elasticity. But due
to the network structure, it is difficult to recycle
as a raw material. In fact the method mainly
used for recycling of rubber is incineration
(energy recycling). Material recycling, which is
thought to be the most desirable method, is used
in only about 10% of all treatment of waste
rubber!. As for material recycling of waste
rubber, the application of powdered rubber that
is produced by grinding is a mainstream in and
out of Japan. It is extremely rare to devulcanize
waste rubber (breaking of sulfur crosslinking
bonds). In Japan the general production method
of devulcanized or reclaimed rubber is called
“pan reclaiming process”. The reclaimed rubber
according to this conventional method is poor in
quality and its productivity is very low. Similar
results were found in other various rubber
reclaiming methods3: 4.

Recently, a continuous rubber recycling
technology has been developed for EPDM waste5.
In this process, the breakage of crosslinking
bonds occurs selectively under the control of
shear stress, reaction temperature and internal
pressure. The devulcanized rubber exhibits
excellent mechanical properties nearly equal to
those of neat rubber. This recycling technology

has been utilized industrially and the reclaimed

has
automotive parts since 1997 in TG.

rubber been used as materials for
Based on this technology, we have developed a
new rubber recycling technology to produce a
thermoplastic elastomer based on EPDM waste.
TPE’s are polymers, which have plasticity at
high temperature and rubbery elasticity at room
temperature. TPE can be substituted for rubber
and this demand has been increased. There are
various types of TPE’s such as styrenic based
(SBQ), olefinic based (TPO), polyurethane based
(TPU), copolyesters (COPE), copolyamides
(COPA), and so on. Thermoplastic olefin (TPO) is
generally made by melt-blending of EPDM (70-
80wt%) with thermoplastics (20-30wt%) such as
PP or polyethylene (PE). It consists of the
continuous thermoplastic matrix and dispersed
EPDM domains that are usually vulcanized
(TPO is also called “thermoplastic vulcanizate:
TPV”). Therefore, though TPO has similar
properties to those of EPDM,
reprocessability by

it also has
like
thermoplastics. Due to these properties TPO has

heating general
recently been applied to various products as
substitute material for EPDM.

Using this new technology, it is possible to
produce TPE with one continuous process that
consists of devulcanizing waste rubber, blending
with PP,
vulcanizing) of the rubber component. Also,

and re-vulcanizing (dynamic
automotive parts are being developed and are

going to be produced with the RR-TPE
manufactured by this technology.

This paper outlines the developed production
process for the RR-TPE, reports on the technical
points of processing, and provides material

properties and part performance results.

2. DEVELOPMENT OF AUTOMOTIVE
PART WITH ENHANCED RECYCLING
TECHNOLOGY

DEVELOPMENT OF
RECYCLING TECHNOLOGY

ENHANCED
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Rubber material to apply for development of the

recycling technology

In the rubber

reclamation

primary technology for

described
crosslinked EPDM was chosen for development.
EPDM occupies more than 50%
components that are used in vehicles except tires.

previously,  sulfur

of rubber

Also in the development of this technology, on
the extension of the basic technology, it was
decided to apply EPDM rubber. It is one of the
reasons that TPO is generally made of EPDM
and PP. The EPDM waste was collected from in-
process

scrap weatherstrip generated in a

manufacturing plant.

Principle and processing system for RR-TPE

The RR-TPE is produced with the “Shear Flow
Reactor” based on a twin screw extruder. A
schematic diagram is shown in Fig.1. This
processing system consists of pulverizing zone,
devulcanizing zone, blending zone, and dynamic
vulcanizing zone, designed in appropriate screw
configuration and position of side-feeders.

EPDM water vapor deodorizing

wtstzll | I?P#"“ ives {dm““i“g
W gl I

water
_ pu.l.‘l.'l.l'l izing _—__hien ding T

RR-TPE

L

Fig.1 Outline of the processing system for RR-TPE based
on waste EPDM

devulcanizing — vulcanizing

Pulverizing zone

In this zone, roughly crushed rubber fed from
a hopper is pulverized into fine particles, and
heated to devulcanizing reaction temperature
quickly.

Devulcanizing zone

In this zone, due to addition of high shearing
distortion and heat to the pulverized rubber,
crosslinking bonds of the rubber are broken
selectively and the sulfur crosslinked EPDM is

devulcanized.

The bond energies of the crosslinking bonds
(S-S: 237kdJ/mol, C-S: 269kJ/mol) are lower than
that of the main chain (C-C: 354kJ/mol) in sulfur
crosslinked EPDM. On the other hand, the
elastic constant (approximately estimated on the
basis of the values for crystals) for the S-S bonds
can be evaluated to be about one thirtieth in
comparison with that for the C-C bonds. High
shearing distortion is added to the sulfur
crosslinked EPDM in the extruder, and the
energy induced by the distortion is concentrated
to the crosslinking bonds whose elastic constants
are lower. Consequently, only crosslinking bonds
are highly elongated. By addition of heat to
EPDM in this condition, crosslinking bonds are
broken selectively (Fig.2). These are the primary
procedures for rubber reclamation58,

Bond energy:
Ecc:3584klimol Ess:237klmol Ecs: 269k mol

Elastic constant (relative value):

kog(~100)  kss(~3)  Kos(kee=hos=kss)
(@) (B-A:-w-\.r. mx Tinmmsan{ T
clongation JL shearing distortion
(h) B POy SO W . -
JL breakage of crosslinking bond
() s e FIRRAR . Vo,

Fig.2 Breakage of the crosslinking bonds in high shear

flow

(a) Model for the network chain

(b) Deformation of the network chain (particularly, S-S
bonds) by shearing

(c) Breakage of crosslinking bonds

Blending zone

In this zone, to convert devulcanized rubber
blending the
devulcanized rubber with thermoplastic resin

into thermoplastic elastomer,
(PP) and mixing are carried out. The PP is fed
from side-feeder at a rate to attain 20wt% for the
RR-TPE.
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Dynamic vulcanizing zone

In this zone, to assure its “rubbery” properties,
the devulcanized rubber component 1is
dynamically vulcanized by metering in curatives.
Since the viscosity of rubber component becomes
much higher than PP due to the dynamic
vulcanization, the rubber component forms in a
dispersed phase. Finally the targeted phase
structure corresponding to the morphology of
continuous PP matrix and dispersed EPDM
domain can be attained.

In addition, a deodorizing treatment® 1is
within  the
devulcanization of sulfur crosslinked EPDM,
this
deodorizing process a small amount of water is
then the odor

components are dissolved in vapor and removed

carried out reactor. During

odor components are generated. In

injected into the extruder,

from the compound by degassing with vapor.

After these processes in each zone in the
extruder, the RR-TPE is extruded in the form of
strands from the extruding head, cooled in the
water bath, and pelletized continuously. The
total time required for these processes is about

seven minutes.

Technical points
RR-TPE
continuously in a short time, there are some

In order to obtain desirable
important parameters that need to be controlled.
Those are shear stress and pressure in the
temperature of

extruder, reaction

devulcanization and dynamic vulcanization,
dwell time of material, and compound design.
Factors that should be adjusted in practical
control above

process to parameters are

corresponding to screw configuration, screw
rotation speed, cylinder temperature, feed rate of
material, and compounding ingredient and
recipe. Particularly the screw configuration is
the most important factor in the ability to
produce RR-TPE continuously. Similarly to the
primary technology, segment type screws are
used for this technology, and the screw shape

can be designed at the request of the application.

In order to pulverize, devulcanize, blend with PP,

dynamically vulcanize, and construct
morphology in each zone continuously, the screw
shape and the position of side-feeders to feed PP
and curatives were designed appropriately and
suitable conditions (temperature, screw rotation
speed, etc.) to obtain desirable RR-TPE were

decided.

Properties of the RR-TPE based on waste EPDM
rubber

The RR-TPE obtained in this technology can
be extrusion molded or injection molded
similarly to commercial TPO. Properties of the
RR-TPE depend on degree of devulcanization of
the EPDM, degree of cure of the devulcanized
rubber component in the RR-TPE, and its phase
structure. Fig.3 shows the relationship between
compression set or extruded surface roughness of
the RR-TPE samples and the added amount of
curatives during dynamic vulcanization process.
Compression set is one of the tests to evaluate
rubber-like elasticity. Sulfur is preferable to
organic peroxide as vulcanizing agent, because
sulfur has comparative higher reactivity with
the devulcanized EPDM than organic peroxide.
Compression set becomes with the
increase in the added amount of sulfur.
Accordingly rubbery elasticity of the RR-TPE
depends on the degree of cure of the EPDM
component. On the contrary, extruded surface

lower

roughness of the RR-TPE becomes rougher with
the increase in the added amount of sulfur. It is
thought that the
depend on the phase structure. In case the
degree of cure of the EPDM is low, the EPDM
phase may form the matrix phase. As the degree
of cure of the EPDM is increased and the
viscosity of the EPDM phase becomes higher,

surface roughness might

phase inversion between EPDM and PP might
occur and the PP might form the matrix phase.
As the degree of cure of the EPDM is increased,
the domain formation might be disturbed by
higher viscosity of the EPDM.

The extruded surface roughness of the RR-
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TPE
smoother with the decrease in Mooney viscosity
of the devulcanized EPDM before blending with
PP as shown in Fig.4. In other words, the degree

after dynamic vulcanization became

of devulcanization of the EPDM may influence
the phase formation of the RR-TPE. In case
Mooney viscosity of the EPDM is too high, i.e.,
there are large amounts of crosslinking in the
devulcanized EPDM, the phase inversion might
not occur completely. In addition, the shear
stress and pressure in blending and dynamic
vulcanizing zone contributes to the phase
formation, consequently to the extruded surface
roughness as shown in Fig.5. In Fig.5, the shear
pressure in dynamic vulcanizing zone could be
changed by different screw configurations. By
mixing with higher shear pressure in dynamic
vulcanizing zone, surface roughness becomes
smoother; the re-vulcanized EPDM phase may
be finely dispersed.

g0 50

seb(70°0, 2200,
d surface
hnegs, am

Extroded surfa
rough

Comp

=0 i " i " i " i

0 0.1 02 0.3 0.4 0.3 N
Added amount of sulfur, phr
Fig.3 Relationship between compression set or extruded

surface roughness of RR-TPE samples and added amount
of sulfur

The added amosunt

of sulfur 12 0 Sphr

I

Extruded surface

rerghness, Am

1o 15 20 FH 30
MLI+4@125°C

Fig.4 Relationship between extruded surface roughness
of RR-TPE and Mooney Viscosity of devulcanized EPDM

Increas e i preseare by

T
- serew configuration
T G ==
By =S
-y v ="
z £
o B
5 oEn b
5 ] The added amount
of sulturis 0 5phr
1]
1 0.z 04 0.6 0.8
Shear pressure in dynamie visloanizing zone, MFa

Fig.5 Influence of shear pressure in dynamic vulcanizing
zone on extruded surface roughness

Fig.6 shows transmission electron microscope
(TEM) images of the RR-TPE obtained by this
technology in comparison with that of the
commercial TPO (TPV) applied for weatherstrip
part of automobile. In the RR-TPE obtained
under optimized conditions, EPDM phase was
dispersed with a size of 1-micrometer order in
the continuous PP phase. On the contrary under
EPDM formed a

shown that the
appropriate controls of the devulcanization and

Inappropriate conditions,

continuous phase. It 1is
dynamic vulcanization reaction for EPDM and of
the mixing conditions in the blending and
dynamic vulcanizing zone are important to form
the suitable morphology for the RR-TPE. As
shown in Table 1, the RR-TPE obtained under
exhibits  rubber-like
comparable to the

optimized  condition

mechanical properties

commercial TPO described above. It is thought

that suitable control of the phase structure
contributes to the production of the RR-TPE
showing good properties.

A oo Lewm gE i v v | O
Fig.6 TEM images of RR-TPE’s(A, B) and commercial
TPO(C)
A: RR-TPE obtained under inappropriate conditions
B: RR-TPE obtained under optimized conditions
(EPDM/PP=80/20wt%)
C: Commercial TPO
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Table 1. Mechanical properties of RR-TPE in comparison
with commercial TPO

Property unit RR-TPE Commercial
Specific gravity 1.10 0.90
Hardness (IRHD) 80 76
Tensile strength MPa 6.7 6.9
Modulus at 100% MPa 3.9 43
Elongation at break % 380 440
Tear strength N/cm 430 420
Coompression set o 53 50
70°C*22h,25%comp.

DEVELOPMENT OF
WITH RR-TPE

AUTOMOTIVE PARTS

To study the development of automotive parts,
parts were selected which do not require higher
function or excellent quality appearance. The
produced amount of the RR-TPE, the material
characteristics, and the processability of parts
are used to determine the process condition and
ratio of the RR-TPE.

Weatherstrip door glass run (channel portion)

Fig.7 shows the cross-section of weatherstrip
door glass run. The roles of door glass run are to
seal door glass against wind or rain and to guide
The

compression set performance is required of the

the ups and downs of door glass.
lip portion in order to seal glass. On the other
hand, the function of the channel portion is to fix
higher

compression set performance is not as critical as

itself on window sash therefore
compared with the lip portion. Therefore, the
application of the RR-TPE was investigated for
the channel portion. In this case, possibilities
were confirmed that the RR-TPE could be
substituted for virgin TPO and that the part’s
performance is similar to the part using virgin
TPO. However, in
performance of glass run and the produced
amount of the RR-TPE, the application of the
RR-TPE in the way of blending with the current

TPO is being investigated.

consideration of the

TPO lip portion

TPO channel portion window glass

Fig.7 Schematic cross section of weatherstrip door glass
run

Others

Other applications of the RR-TPE to replace
virgin TPO parts will be investigated in the near
(Fig.8). The

compression set, hardness,

future properties such as
extruded surface
roughness, etc. are important in most cases, so
that the compounding recipes of the RR-TPE and
added ratios to virgin TPO must be examined.

Door glass runs  Sunroof drain hoses

Vacuum sensing
hoges

Outer belt line seal
Fig.8 Applications of the RR-TPE to automotive parts

3. CONCLUSION

A new rubber recycling technology to produce
a thermoplastic elastomer based on sulfur
crosslinked EPDM waste was developed using a
shear flow stage reactor. Automotive parts are
being developed and are going to be produced
with the RR-TPE by this new technology.

1. It is possible to produce TPE based on sulfur

crosslinked EPDM waste by continuous
blending with PP,
dynamic vulcanizing processes in a short

devulcanizing, and

time.
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2. The RR-TPE
conditions exhibits good material properties

obtained wunder optimized

comparable to those of the commercial TPO.
These properties are due to a suitably formed
phase structure (.e., re-vulcanized EPDM
domains dispersed in PP matrix).

3. The RR-TPE can be applied to automotive
parts similarly to virgin TPO, and part
performance requirements are achieved.

4. This recycling technology is very useful in
point of converting waste rubber with a
limited range of uses into general-purpose
materials such as thermoplastic elastomer or
rubber toughened plastics. Little profit can
be made on this technology in the present
situation, but this technology can contribute
to both protecting environment and saving

toward emission society

resources zero

forecasted in the near future.

Areas for future improvement of the RR-TPE
based on sulfur crosslinked EPDM are the
following.

1. Further mechanical

properties. (Aim at high flow characteristics,

improvement  of

lower hardness, lower compression set, and
S0 on)

2. Further improvement of surface appearance
and application to design surfaces. (Solution
of surface spots caused by roughly dispersion
of EPDM and PP or material degradation)

Further
investigate use of this recycling technology

expansion of applications to

includes the following.

1. Production of RR-TPE or rubber toughened

thermoplastics from various types of

vulcanized rubbers has been confirmed

experimentally other than EPDM including

sulfur crosslinked natural rubber (NR),
styrene-butadiene  rubber (SBR), and
acrylonitrile- butadiene rubber (NBR).

Modification of the RR-TPE ‘s for applying to
products should be investigated.

2. Application to waste thermoplastics: sprue or
runner waste can be blended with rubber to
produce RR-TPE’s.

3. Application to materials removed from end-of
life vehicles (ELV).
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Development of Prediction Method for Intake Noise Level of
Un-reflective Duct
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Abstract

The Un-reflective duct is one of the devices to
reduce the air intake noise, which has porous
materials on the wall of air duct to reduce air
resonance in the air intake duct. It's necessary to
estimate the sound level of duct opening and
outside the porous part in order to predict the
In this
report we describe the method to estimate sound

intake noise level of un-reflective duct.

level of duct opening and outside of the porous
part.
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Mechanical structure of a console box that is opened and closed
by pushing a button without electric power
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Garnish Grille Radiator for Millimeter-Wave Radar Sensor Systems
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