Tk 28 FERIBERRAER

T2 SEEERERIREMM - VAT LRIEX

AEEM) S A VILICEITS

NS ABEEESMRBARTIEDESL

WEE

A=

TR 293 A1 H

NFYZy %Az



B ettt ettt ettt et e et eaas i
LI L= R E < S BSOSO 1
1 L = OO 1
12 = < TSRS 5
2. BAEETE D FRTET oottt 6
2. L. BT ettt 6
2.2. B A~DH T AFRFITOUN T o, 7
3. FRAR TIED TERETTIE oot 8
3.1. RFEFEITHWIZE T R BEHES AT BT DUV T e, 8
3.1.1. HMBFEDO /LT ARSIV ATEREEERE e, 8
3.2, FHTAAE TIEFEIEDTE D 71T DUV Tt 11
3.2.1. FERIAHETIED FERIE oot 12
3.2.2. 7L ATERERE D BERBAE AL DFRTET oo 15
3.2.3. 7V ARERHIT K B FRIEAE TIED FEGE (oo 17
3.3. 7SIV AMIEZ K BT T ATEIML TAETERIE covevveeiecieeeeieceere e 19
3.3.1. BEPATUALBEZE ZRDIRET oo 20
3.3.2. 7NV ARSI ACIREE «ooveeveeeeeeeeeee e 21
3.3.2.1. JHERIEE F T AEILDFE OB (oo 22
3.3.2.2. JMEEILEE T T AEILDFEDOFHBIIE (oo 24
4. FRIR T FERERERE D FE E 8 e 26
4.1 AT 70— B TFROT U T I8 T 2 A i, 26
4.2, FRIKRTIEDIEETEITE CO2 HEH R oo 27
4.3. BEDOHEGIE « BREH oo 28
5. BT AFFATFEDZEFETTIE (oot 29
5.1, FERE TR DBEEL oo 29
B L1 BB e 29
5.1.2. HMBEMT FIFEVAH T A D BTG 7 T oo 29
5.1.3. EERTHFEIAT T AD HEEAN Y T e 31
5.2, T IRIREERTAR oottt et 32
5.2, 1. B e 32
5.2.2. FIAHT T ADVERL oo 32
5.2.3. HMBERS SO IERIIIREE .ot 35
5.3 2 URIRFERTAIT ©oveeeeeee ettt ettt 38
5.3.1. FIAH T AEEALDEGEIE ccooieeieeeeeeeeeeee e 38

5.3.2. I D BT e et e et e e e e e e e e e e 39



5.3.3. FEIaH O &/ FEIE O T M O HSRIE DU e, 42

5.83.4. IMEERT ASDUIFREE c.oeoveeeeeeeeeeee e 47
5.3.5. FEILZ ILADEIIRE ©ooovieeeeeeeeeeeeeeeee e 49
5.3.6. FEIAA T AR DORIAIERNT K DBEDFRRGE oo 52
5.4, FRRH « AL DEHLIE ooioeieeieeeeeeeeeeeeeee e 54
6. 02 HITBZI R DB oo s 57
T D ettt 61



1. %5 HWY

HAEAMRBZ R —~D=—ADFEEVITED . KIGEMOFEIEEIT2020
FATIFFEM LI Ry 20304FRICIFFM8 T hicE L, RERMEE RS
ZENBEEESNTWS, KEGEMIX, FICHESLBEE 7> Tk, HENLT
WI2/3W T T ATH DN, BURIZIFM EBNIEH LTy, KRk HR
MEANIHAMBET5720I12i%, KGEMEZ S RBICHET HZ ENEET
HHN, BN THASNDMANY TCROREMTIE R, BATHHEIN S
pn D78, BIETIETHEMDBEICES SN TEY . EOHGEZEm S
FTWD, KFEETIL, KGEMORRORILATTESL . MKFEM T TER
LN E W T AU YA 7 VEMICE S Z Y T, Co2HEH ERIICE#RT 5
bz, VA7 EHE LT RBGEME Y =2 — /L ORI F — AFESE
DIREICTHFGTHZEEHNET D,

2. KEEDYPHE

LTy, Stk CRAET 2 BB O LV AR 2 T, KIGE
W AN NVEfRIEL, 7 AZ&RE L TCEINT S LREROEFEEZIToZ, 7L
ZMERE 1L, BT XL F— 2o CEFIC—RICHET 22 & T, &
ROSALIERIC L0 ERE 2 RAESE, T A, HIEfE. @854, I
BVCEMEICoBET D 2 N TE D, REE TIECEMAR TIE CIXis AR EEC
HDHMN, TOFEICIVEIEEIEZEINLES, Lo T, BFRIGEHOB IS
T, [E5> & CO2HIN R DG & rip L, T OHIRELFM LIz, £/-A 7T
THRETIN, T A @M LICBAHATLZ 252 —0y NTT T AFAEDOR
AERTAT 24T > 72,

. & R Al BRI |
O (ABELOBAERHLAFZYY A7) OREE]

AmEL ARTZH EAFS | Ug1oL 0 . RERE

: - - AEREit mE7sh (L P et
_ = ) . é ampy | ARTD
Wik, WA \ L2 - | | s—=n [

_ ¥ £_ > uvtonte

i NIVATHFE = N m

2p029, || || |EAVE B LHT D fi52 5508

0 ‘,’7,?;3, BRI - 552  BHSAER

SELE 59 [IEEEMNR] EXREBOBIEE

AKBEEHRNROIRE1kgd /= DCO2HEH EHIRFHIR

. - B{i1:kg-C02/kg-KEREitb/ \R)V

ggi:“' ggl{;\ A BATEOEIRE | BHIENEORRIL | CHIABEROHA
7 0.0647 0.296 0. 0068

XA/ SR T I FBOXEREY. 7R - R E - HILWEE-N\V//-MeBT

REEDOME

1



AEAEEOYLK ]
WD TiRAH Ebfﬁﬁ%ﬁoto

el (N Z Y =)

LTo@y, FkEAFERTIRY n—

IZHOWTIE

&AM P 2 i E L7z,
CBRTHOARFEETHRBRM LRIV 7 2 2|

(C: =

ERES |l

IR| Az=mEit [\ BETEORTRE)
. LIS T B
:lk == PIETL—b ! I
B g BEHP HFBOXER L 1

> eEm [ amEmd

—————————————————————

|

FNEZL—L4

ﬁ?BOXIEIEL

Hidh : BHHHP

A HEZE T O FAffi i PH

4. FABAE TR 0O FEAM

PRV AT~ T S
T HEUENRG S, KRS B
EB T o, ORI, R
23, LTV D ECHIE L 7=,

NEBRRANT DD 1 AE 733 A K E W
Bfret— tx@%ﬁ LB A HWT, LD
YA RNEE DX NDIRNANA TV H—

=R ST a-%)—-hva— I
i A—-%U=-hv% AR5 e ANAFNIYE
" [| - EER QY <TAEIFIr— i
73200 .‘f -y R SHM e
gE | (W iR SR g
v '*‘.j'.= | HrREH—{k 3 - T
WY1 X10~40cm EEEHH’Z10~40cm WY1 X10~20cm
142 . EmEH B WRA MR
BR F+AT | | FAT
_ BHOTLB| & L REOTLS

FELAB A THRE O M RIE

11



Eie, MR OB & % SV AR O BRI D BAEE T - 7275, Bh
TOMY | BRI O ER TS K SEE RS DR L, T 2D
Ty T 0 FROH L HR A HE L 72 B 40 L C ORI 4% 2 & AT L7

{;ﬂmﬂggﬁ O—4Y)—Hw4— +I:II7_ {5:)7_'371}‘{/?\’_— RIS hyE—
WD NRINOHRE/NNV 72— bOMRENSIEY TIIEBIE+HZ7AD—biE
SE E+H7AD—b bR
P . . T 7 o
WRER L omh [y > o
BE ; N | ” — Y
200 L R N >

HLAG 7 1 DENT X 5 7L AR DAL DR
5. 7L A # AR D BT
2OV AR R R EE OB B A T AR R O i S

R DAL RIERF OO LB IS AT S LR AR SR 2 LT BLTIC
RIS &I A VD CERBREIM A2 1T o 72,

HEY |E kV) KMEE (BE) | EAKEE)
1 | REEN/HSARNRYEORBIEE | 180 (BEEE) | 15~50 1
42 | REEE/HSADRAEOEMIEE | 100~180 | 20(EMER) 1

— _0.3~56mmAOAiZAES o _ ERE 0
ERE= soxiommormEE nomE (6 EBRMNE= G wmomray (%KW

7RV ARERER) R D FER G & TR

FEROFE R HERIE20E], MEETEI40kVA KBS L0 . Z05MET
Co2pEHEZRMTH L LT,

HERHEHFZABRNREDIEES MEBELHZ AR EDIHE
0 25 80 25
80 '/’.\‘ 70
70 20 60 20
[m]
60 -o-ENE = 50 I
EIR i: =it 15 g E 40 15 %
¥ 30 10 = E 30 I*lﬂﬂﬂ e
%) 20 5 C6/KW) || (3) 20 ~mpmk kW)
10 10
0 0 0 0
15 20 30 50 100 140 180
HMEmE (=) WEEE kV)
SR 1 O FERREE R St 2 D FEFRRS R

6. fRIKTFROCO2PEH &E H

111



IR TSRO 7o —L<T U T NANT AL, LTOEY TH D,

s s/ NIk (A)
H;BDX (5.6mmLLE) > $=2IH12)
|$ ﬁmﬁ NIVA i cd e
3.4 #5A. Si. HIE —K
L i
W ZRE (ko) |EREE (ko) | ERE (%) ( CEFY ) f> ﬁgsn =a
Sy — 2-~5.6mm @ 5
| HE/72yb | 178 1.38 (A) 80 7R
K2 Si. U—KiR 0.46 FAE - ﬁ_‘; = T
L 7
11.76kg #H5Z 9.57 6.89 (B) 72 =) e
PUEE:- WFBOX 2 2 100 (ER1%) (0.3~2mm)

A TR 77—~ T U TIANRT X

A TFOCOQEEENZILLTO®EY T, 43 T0.112kWh & 72 o7,

IHH FHERT INVATRR: EEED EfSER 2
EHER| A/ITrFNVhyE— IS ATE T InEl=UEm T TN
HEEN
(kWh ke 0. 004 0. 095 0. 005 0. 008
HEHMG MEaEH 1800 ka/h|- HEEE 140kV MiBgEH 1000 ka/h |mEBaEH 500 ka/h

nh 8 kWh -WEBEH  9000E/ N 1H uh 5 kWh L) 4 kWh
NNAREBOEEEN
0.23kW/[E = 6.39E-05 kWh/[E] = 0.062 kWh/ka
-#X, SAMEREON®EN 0.033 KWh/ke

iR TR I 1T 2 TREBI DI E E )

- T, R TRERESEROCO2HEHEIX, 0.112kWh X 0.587 kg-C02/kWh
(BRESAMT AR DB F AL « SRR T4 B S4B ARE)
= 0. 066kg—C02/kg- KL EM RV & 727,

7. T AFALEOBIEOE & 1 IRRFEFHG

FILH T A e NEEM OB EFHM & L TIRNT 21GE%2 ., 7 A 2 = —HAS
H R BHL0%HE . N F YV = VRS0 E) LE#E L .
Fh U7e, ML LLTFICRT,

fERLEAZHT TN

FAHFIA(BRE)

FAHZA(HEE)

H T AFA T RO
1 REMMO 7=, KEYyEM T T 2% ¢ 100 wmbL T, REET LS 7 5% 1S

v



L. 850°C T304 M L 7= 8 (M L C. RiFIRDIIAH T A 2B UT-, &4
FFVA T T A DBFRAFEIT, S ¢ 0. 2g/cn’, FiFE600 umbL FTHHAS, 1 KEE
A OFIET 7 A%, @R 0. 5g/cn’, FEHPRARIBI umTH -7, Z DI T
R Z ANVBERFIZIRAN L C %fﬁ%&%ﬁﬂ%@ﬁ%%ﬁbt& Ay LLTFO#EY |
PEkeih & RE RTINS X D ERAREEEIRD bR E WV )R &
Tpotz, Fio, BREINDRZRIIH LT, QYA ANKEL > TEY, &JaD
i, 2 EHm A FEiE L T 2 k&bto

HRE XS g;ﬁulﬁ71 . 2
?ﬁ?ﬁ! 695 693

E (Emﬁr:) 0.40 0.40

Eﬁ&> 127 116 ;%
?:,ff 4221 3505 | WP £ b \:; 29um

SRBERS & LT o T - BN 2E A FHIH T A @m/@%ﬁ (*/ 4‘:+ﬁu)
8. M7 AFEATIRD 2 R arEh

2 WEHIIZ M Tl INEVRER] O fe i b, FIaH ORISR, Bia 7 A
PAVA ®Wﬁkﬂﬁ HCh 5, MBIz OV T, B EEXF T, LTFD
WY, BETTADOY A XOENE, [ A XOEbZ 2 Lz, INEE
MREWE, BT ZRMENMELS 25720, [IANERN > TREL AR, REE
HANT T AT L, BIAHT T A A AR/ 7eb LRSS T
D, REEHT ADOWH & K/AMETE 5, 850C105 CHREFREEIT- T2,

850C 104 850TC 204 850TC 404

iZ2ADYA X

bﬂ?ﬁ?&ﬂﬁaﬁ L DFRIAT T ZADY A X LRIADIRDL



FVAKIOTWISEEE LCid, RIS 7 A CIRINEZ 5k L= BT, %
WV DOERINEEKRENRSE 2D Ra~<vA b (CaMg(C03)2) ZHINT
HEIEEIT -T2 Fu~A ME, REEDLT DT LD FBIBIRENMELS, T A
FEMEDS RV IRRE DRI X D 5 OMA LR WIFRF T & 5, IR FRIZ DN T
X, EEPRIRER 183 um LV K& 25 K9, MRtz RE Lz,

FRLOSHETHIET 7 A 2FR L, SEE L LRI, AT oEy ¢
o5, IRERTI IV T DITIANE 3. 5% i FE e /DD 51T 0. 38g/em’ T o 72,
Re<A MR, KJERER > TRE 20 EEEMN 0. 44g/cm’® & K& L
ol bHEEIND,

siaH B RERANI L
oA FmM=
4 #8

BRALDIEN
0,
5% mmszrizs

~ 4 D 4 v',
R
e

% 1mmg— j

AURY

W% [9/cm3] 0.45 0.44
Fi93E [um] 101 77

FIgRE [um] 253 255
#BM7LE [cc/g] 3.48 3.21

XEYALFEBAILBE 1 mmU T I5HR

2 UMl D FETL AT T ARG IR

I, REEF V2D L3 5% N L TR L 72 &% L 0. 38g/cm’ DFETA N 7
A, VBRI L CHEAME T D RAEEIT o720, BLFOEY . Wl
BEEALNRITHERE T . BIFHEIC DR o T,

BIEE | HAFFIE X
RAHZR BEE (g/cm?) — 0.38
AMER | EmEGEsE| 0 100 | 200 | 100 200

s\ EEH 8L ®(g/om®) | 1.16 | 1.15 | 1.15 | 1.10 | 1.05

MR EOYFEETLRAIEOTENDNER—IHMOTNAALEEEL, EREOFEELIVKRERICE
RV T A A U L T2 RBER O b S A

PR E LTI, UTD2ARERZDNDTZD, N T A% E/NHIVITEH
i, ZVATREL THbSE, EZHET 2EREIT o7,
OFEIA TN T ADFREED R B, SMEEM RIF O 7 L 2 TR TIEN AL
@KIAHNLTIE 72 < | KIAPITHMEES— 273 Fe

vi



EEIT, UTomy T, MM ABI D HEORD ZHETE -, o T,
TV AL BEBNOEENRE W EHEIND,

BIEE | BR1RE X

FE@HSR | BEE(g/cm3) | — 0.38

WINEH | HiNE GERHE) | 0 100 | 200 | 300 | 100 | 200 | 300

EILRILAEELLLE(9/cm8) | 2.09 | 1.84 | 1.68 | 1.58 | 1.87 | 1.73 | 1.62

MEEHEOBEREEILALELR A~DNEA— AN ORNASEEEL. EEONEELUAEE (CRE
VAN T AEZTWMUT=FAZ L (L2488 L TER) o ERERE R

ASBICHET T, R~ MNRNGORAT o ALENLELEEZ S, H
T AREVE L RTIRE ORR AR E 2. KIS BNDER MG L, A L i
KIAOMEZGET 720, BERRE 2K (BLik 850°C—830°CHEE) | INEARE
WO (BUIR 10 =7 23%) ARETH D, £, OB SMTE 58
R ~DEL R EIC LY, hifRERELTHUELMELEEZ S,

9. CO2 HEZhFDH H

AKFEHEIZLD, CO2 HIBZNRIZ, ATO#EY THD, 0.572/kg— K5/ %
W) FERTH o T-, ZHITRES A A A > LT 556k TIEICK L T 60%8 D I
EWVWIHIFERTH Y KIEZRHE I CTE AR 7o 72,

Bfir: kg-C02/kg-KHEith/ v

AfR{ETiE0D | B:3IEEED CHZABEEOHA a5t
#1221k BElL BENE | SEhcANS Bl
CO28kEE |TRIK 0. 500 0. 141 0. 004 0. 160 0. 805
EEE 0. 066 0 0.011 0.156 0.233
CO2HIiRE —0. 007 0. 004
0.434 0.141 —0.003 0.572

AREHIZ LD C02 Bl

725, CO2BNRh B EHIcBIT A TR 7o —T 3. FHl&E (N7 & U —) |
RLTWD R, Kall&EifE o TREME 2 LI FIiZrd,

™

. - . CHZABERDHA
ARBIEOERIRXE  (BHIEREORBL e e
R RALASRBRZIA HIEBEARE  (R50%E b5 A e, MEFL.
(70~ REMICEYZ57 1L WL TEEHA MALTREHSZA
T370tATCO2HHBEEH)
FBE AR, AVARBL. 33T [HEREEY—) ERREREL. BREAATAERRTL.
BIE U1 20AE WP TEEHA MRLTRENSZA

AREHITE D Co2 HIWZh FE HIZRB T 5 TR

vil



10. £&0

R E L]
SRR TR CHLUBA, L A, EH1] A1)
- B DB BT, REBE W T R 53HEED C02 HEH R A WA RE
- FEMBLER D723 | EF IR O EIRAL T 6E
€77 A /AT
* RIS T A DIVEMIRINREE T, EARRERZEITRD by
c U T n R EEBEOBMRARGE, A% OUCEER 25T

[ 5 ]
ARROFGE LY v —OfifEAE CklRE) /REh&/ A&, F0 0
UTomy ., etz mb L7,
SMRE RGBT, /S RRE:. RAER)

(HERH)  [mmE[330r/4(280008) 8#/hr| |MEIEIMA 1500M%/BOHEELVEME) |

KOAFAEROS %A BEEEL TREEEICS SN BR(FITHE)
(RERR) BEICL3RE 675HM/E (= rANCRRENSE)
ENRRESSHE  14005M/% (EREBESHE 500M/#)
OHZABETE(MATL. M)
(RHR#) [£=ZE2] 1500 /% | | MABHE(HSA-BMWH) |[1.9M ke |
(HRER) HEHSFAREIAL 32.1M/kg GEZEEREY)

FEETAHENZAE OWRPBTEHR 1500M/F (S AEREROLD)
QREBEAR 300AFM/F (ERMSASFOIZMRE)

TR PR 0D B R
[51% D TE & FH LT
At AT T, 7OV ARMEERE O BB HEpUL I OdE 2 & &

PEZ RLE 2 TR EVEN L2 et 5, U7 ARATRRTIE, #ul 7 A Likx
W, AR (2 A V5%) HAHZBET 5, BREEZUTIORT,

H28%E |H29 5FFE | H305E | H315E | H32%FE | H33%E | H34%E | H355FE
H32.3
- =E R meEE @/ zEvy
o EERER L/ EEERE Bq / HAZSoMCTEE /
. gl | .
H Emz
| et AR
v |
5 EETE SEEAR = . SR
E4 / ISR LR/ AHRE/ R W TR | D7 e M AR RREEE
=
£
I H37.3
= b3 BTD
HZABEM
NiERE

ABOTE L EELRH O B RE

viil



Summary

1. Purpose and Background

With increasing demand for renewable energy, the quantity of end-of-use
solar cells is likely to reach 10,000 tons in 2020, and is predicted to total
80,000 tons in 2030. This represents a major challenge. Recycling of solar
cells primarily requires a refining process, but glass accounts for
approximately 2/3 of their weight. The current process does not effectively
utilize this raw material. To be able to effectively reuse every structural
material, it is important to improve the efficiency of disassembly of solar cells;
however, recycling is not easy because the cell structures were not initially
designed with this in mind. This operation focuses on finding efficient methods
of disassembling solar cells and developing recycling technology for the glass
they contain, which accounts for most of the weight of the product. The aim is
to reduce CO2 emissions quantity as well as promoting construction of a
collection scheme for used solar cells for recycling.

2. Outline of this Operation

As shown below, the company verified the process of disassembling solar
panels and collecting glass as a resource by using the in-house-developed
pulse fragmentation equipment owned by the company. The pulse
fragmentation equipment can separate glass, encapsulation resin, metal, etc.,
at high levels of purity without heating by releasing electrical energy in form of
a pulse wave in an extremely short time, which generates an extremely
powerful shock wave by vaporizing the liquid. The encapsulation resin that
can be collected by this technique is usually difficult to obtain for reuse when
using combustion or dissolution methods. For this reason, from the viewpoint
of resource reuse, reduction of CO2 production was evaluated by assuming
that the collected quantity can be used as an index of CO2 emission reduction
effect. Glass regeneration verification was carried out by setting the target for
its reuse as a construction material without processing it as slag.

Before Application After Application

[Verification of highly-efficient disassembly of solar cells and glass recycling]

Recy_clingI " Sold to recycling
processing plan operators as a

valuable
Metals etc. resource

Used solar Processing plant
cells

Used solar

! | E E E 3 cells
Disassembly,
= refining
Material
WA
F T o
S ¥

separation
Metals etc. Slag

Thermall
recycling =Y
material sold as
avaluable
Encapsulation resource
resin

Foamed [NjaWY]
glass etc.
manufactured
and used as
Glass construction
material

using a pulse &8
fragmentation
process

[Environmental improvement effect]
Target values at the time of business application
. - 2 emission r ion eff r kg pr in nti f solar cells*
Sold to recycling Crushed and CO2 emission reduction effect per kg processing quantity of solar cells
operators as used as base Unit:kg-CO2/kg-solar cell panel

valuable course material AEnergy-saving in the B:Regeneration of encapsulation] C:Expansion of regenerated
resource disassembly process resin as a resource glass quantity
| 0.0647 | 0.296 | 0.0068 |

*Solar cell panel:not including aluminum frame, or terminal box, but including glass, metal, EVA, and back sheet.
In the application form, a solar cell module weighing 12 kg was recalculated as solar cell panel weighing 9.7 kg.

Outline of this Operation

X



3. Range of Assessment (Boundary)

As shown below, in the current process and this operation, the process flow
and a range of assessments were determined. For "C: Expansion of
regenerated glass quantity,” a presumed process was determined as shown
below for making the output compatible.

E> Metals Sold as a valuable
g resource
£ Usedsolar | e . M THEde e Ao OT EREass MTAToN TeSIHs
S cells I A:Energy-saving in the I 1 resource
g I disassembly process 1 IThe encapsulation resin and back sheet are 1
(3} Disassem-| 1 1 Ilost by combustion -l
Fe -
2 bly : Refining 1
o = Aluminum frame 1 1 [
5 sSource: Terminal box H 1 C:Ex ansion of regenerated glass \I
. collected __quantity
o Company HP - I |:>I Slug Basecourse |
= T 1 material 1
rsTr—————=====-—-- <41 Rangeof p—=——=—=—=———==—=—-- A= ———— 1
2 1 assessments 1
% - ! Bottle/Glass I Glass |:> Foamed glass :
£ L e )
p |:> Metals Sold as a valuable
resource
Usedsolar | e ——————— N
cells I A Energy-saving in the disassembly IERedeneration of encapsulation resin. 2
: rocess I asresource 1
1 Encapsulation :> i 1
- . Thermal recycling
Disassem|, ! ) (2 Sorting I _ _resin _I
| bly Rough : Pulse and l'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-‘
i - < | fragmen- ragmen- i C:Expansion of regenerated glass S
Source: Auminum 1| “iation tation collection I guantity 1
Company HP Terminal box : : 1
\CONECTEd o o o o o o o s o e s o s s o s s o o o E>| (3)Glass :> Foamed glass :
S ——— 1 1 I
____________ - Rangeof s e
1_assessment 1 Base course :
Natural stone |:>: material I
___________________ ]

Range of assessments in this operation

4. Assessment of the Rough Fragmentation Process

To be able to feed solar cell panels into the pulse fragmentation machine,
the panels need to be cut into appropriate sizes. The following experiment
was carried out using equipment owned by the Environmental Preservation
Services Company. The results showed the use of a spiral cutter to be the
most appropriate for generating smaller variations in fragmentation size.

quljjlspér(;ent Rotary cutter Rotary cutter+Wide crusher Spiral cutter
- Rotary blade ("". [ I Fixed blade
o | ) <Wide crusher>
Features of | |~ Fixed blade Crushing by Rotary blade
fragr_nenta— < i‘ Crushing by tearing collision with a Cutting and
tion "W | Crushing with a rotating blade crushing
{ T o fﬁ‘lﬁ?j?\g size of _broken debris
Screen s JF crushed particles into a slab

shape
Fragmentation size 10-40 cm Fragmentation size 10-40 cm Fragmentation size 10-40 cm

Debris is stuck Debris is stuck

Fragmenta- ~  together if , together if
tion fragmentation is | fragmentation is
result insufficient insufficient

) Less variation after
- fragmentation into a
w slab shape

Verification of rough fragmentation process



In the verification of superiority of pulse fragmentation using different
methods, separation of glass was determined insufficient due to popping out
of crushed panels from the processing container due to the impact of crushing,
as shown below, indicating the need for further assessment after installing
pop-out-prevention measures.

Equipment

used for
rough Rotary cutter Rotary cutter+Wide crusher Spiral cutter

fragmenta-
tion

Features of | by fragmentation starts from separation of "back sheet” from "encapsulation resin+glass

fragtr:;%nta- sheet" followed by crushing of the "encapsulation resin+glass sheet.”

Fragmenta-
tion
result

-

Discharge
200 times

r:'

Verification of pulse fragmentation superiority using different rough
fragmentation methods

5. Assessment of Pulse Fragmentation Process

Pulse fragmentation was evaluated using the conditions and assessment
formulae shown below and by using the processing container with a pop-out
prevention mechanism for obtaining the optimum condition of glass collection
efficiency by changing the number of discharges and the discharge voltage.

Discharge Supplied
IPUEEsE Voltage(kV) frequency (times) quantity(sheets)
. Obtaining the correlation between discharge ]
Condition 1 frequency/glass collection efficiency 180 (Fixed voltage) 1550 1
o Obtaining the correlation between discharge 20
Condition 2 voltage/glass collection efficiency QOGS0 (Fixed frequency) 1 _

Weight of glass in 0.3-5.6 mm__ . _— _ Collection rate 0
Weight of solar cell panel glass (%) Collection efficiency= Power consumption (%/kW)

measuring 50 X 50 mm (proportional to discharge frequency)

Experimental condition and assessment formula used for pulse
fragmentation efficiency

Collection rate=

The experimental results indicated the best conditions to be 20 times
discharges at 140 kV discharge voltage. This condition was used for
calculating CO2 emission quantity.

Correlation between discharge Correlation between discharge voltage
frequency and glass collection rate > and glass collection rate o
° 90 25 0 80 26 ¢
T 80 2z g 710 3
- 70 20 2 g 20 &
2 60 o s c
3 s0 18 .E k5 50 15 'g
3 a0 3 2w ®
O 10 2 S 30 10 =
30 3 (@] 8
(%) 5o s © (%) 20 eificienc 5
10 (%/kW) 10 (%lkW)
0 0
15 20 30 50 100 140 180
Discharge frequency (times) Discharge voltage (kV)
Experimental result for Condition 1 Experimental result for Condition 2
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6. CO2 Emission Quantity Calculation from the Disassembly Process

The total disassembly process flow and material balance are as shown
below.

Aluminum Resin/Back i
| DRSS ey | {Tremareoyang]

Powerbox (5.6 mm or greater)
* Pulse i H i
Disassem- Rough fragmenta- Screﬁ;'llng RES'."“‘? ’ Reﬁnlng
bly ragmentatior tion ”?_!?"sf'; g:’f:uglllgn | Lead wire H

structural components wgil;]llllil"(aklg) Collecl{e'."(;)weigm Collection rate *
Glass S i Foamed
creening
Resin/Backsheet 1.73 1.38(A 80
Solar cell il (258 mm) 2) glass
Panel Si, Lead wire 0.46 Hot measured yet
11.76kg
Glass 9.57 6.89(B) 72 Gl B
Aluminum frame, terminal bo 2 2 100 (Manual :z?sﬁsm(m: )
uminum frame, terminal box disassembly) GIass(B)

(0.3-2mm)

Disassembly process flow and material balance

Power consumption for CO2 reduction by process is as shown below, with a
total value of 0.112 kWh.

Item Rough fragmentation Pulse fragmentation Screening (1) Screening (2)
Eq\:llggzent Spiral cutter Pulse fragmentation machine Vibration screener Vibration screener
Power
consumption 0.004 0.095 0.005 0.008
(kWh/kg)
Calculation |Processing capacity 1800 kg/h |- Discharge voltage 140 kV Processing capacity 1000 kg/h  |Processing capacity 500 kg/h
conditions  [Power 8kwh - Discharge frequency 9000 times/panel Power 5 kwh Power 4 kWh
- Power consumption used for pulse discharge (measured value)
0.23 kW/discharge = 9.44E-05 kWh/time = 0.071 kWh/kg
- Power consumption by transport, supply/discharge system
0.033 kWh/kg

Power consumption by process in the disassembly process

Therefore, the CO2 emission quantity of the entire disassembly process is
0.112 kWh x 0.587 kg-CO2/kWh = 0.066 kg-CO2/kg-solar cell panel.

7. Verification Outline of Glass Regeneration Process and the Primary
Verification Assessment

Verification of adding foamed glass to exterior wall material as lightweight
filler was conducted by coordinating with KMEW Company (a joint venture
between Kubota [50%] and Panasonic [50%]). The outline is shown below.

Granulated
foamed glass
(after fragmentation)

Foamed glass Foamed glass Exterior wall material sample
(before fragmentation) (after fragmentation)

Verification outline of glass regeneration process
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In the primary assessment, the solar cell glass was crushed to a particle size
diameter of 100 um or below; 5% of calcium carbonate was added and the mixture
heated to 850 °C for 30 minutes. It was then crushed to produce particle-type
foamed glass. The required specification of foamed glass for construction material
is bulk density of 0.2 g/cm?, particle size 600 um or below. However, the foamed
glass made in the primary assessment had a bulk density of 0.5 g/cm?, and its
average particle was 183 pum. Adding this foamed glass to exterior wall material and
testing its bending strength and heated compression showed little difference from
the conventional product and revealed no serious problems caused by its inclusion
as shown below. Because the foam size was greater than the required particle
size, secondary assessment was scheduled Wlth a smaller'foam S|ze

Assessment item Conventional ?odac:r‘lagdvglt:ss
Breakage load
) 695 693
» |Displacement
Qo ) 0.40 0.40
j=2
=
2 |stress
g |(MPa) 12.7 11.6
Elasticity ¥
(MPa) 4221 3595 4 - . %
Thermal shrinkage (%) 6.2 5.9 o : : Sy v
"3* ‘.v..u S ‘é’ *hw
Assessment of bending and Foam observation of foamed
thermal compression as glass (before crushing)

external wall material

8. Secondary Verification Assessment of Glass Regeneration Process

The problems faced in the secondary assessment are optimization of
heating time, adding condition of foaming agent, and optimization of particle
size. Heating time was determined by observing the size of the foamed glass
and foam size by using a windowed electric furnace as shown below. Longer
heating time lowers glass viscosity and makes foam size greater by
connecting with each other, and CO2 gas leaks out of the glass, shrinking the
size of the foamed glass particles.

From this observation, the condition of 850 °C at 10 minutes was selected for
minimizing leak-out of CO2 gas.
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850°C 10 min. 850°C 20 min. 850°C 40 min.

» ™ ‘:‘

¢ . ‘i éf‘}f.r

| Small Foam size
,.-—I_" RS S B

Size of foamed glass and foam size with different heating times

To determine the additive condition of foaming agent, the additive quantity
was optimized with calcium carbonate. A test was then made by adding
dolomite (composed of calcium carbonate 2 and magnesium carbonate 1) that
would make the volume equal to the added quantity of calcium carbonate.
The foaming temperature of dolomite is lower than that of calcium carbonate,
so that a smaller foam size was expected because foaming occurs with higher
viscosity of glass. The fragmentation conditions were also reviewed for
making the average particle size greater than conventional 183 um.

With the conditions shown above, foamed glass was produced and we
obtained the bulk density shown below. Additive quantity of 3.5% of calcium
carbonate made a minimum bulk density of 0.38g/cm®. Dolomite-added glass
produced larger foams due to fusing together, and resulting in a greater bulk
density of 0.44 g/cm?.

Foaming agent Calcium carbonate Dolomite

i 3.7% : by converting to
Added _q uantity of ) 7. 59pthe specific weight of
foaming agent calcium carbonate

Appearance

(microscope)

No foaming

Bulk density
[g/cm3]

Average pore
diameter [um]

Average particle
size [um]

231 253 255

Total fine pore
volume [cc/g] - 3.57 3.48 321

*Average pore diameter and total fine pore volume apply to the size of 1 mm or smaller.

Result of producing foamed glass for secondary assessment
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As a next step, verification was made by measuring the specific weight of
exterior wall material by adding foamed glass of 0.38 g/cm® produced by
adding 3.5% of calcium carbonate. As shown below, a lighter weight effect
was observed (glass raw material had a specific weight of 2.6 g/cm?) but it did
not achieve the expected value.

Measured value | Expected value*1
Adding Bulk density (g/cm?) - 0.38
condition .
of foamed | Added quantly 0 100 200 100 200
glass (relative value)
Specificweig_htofexteriorwall 116 115 115 1.10 1.05
material (g/cm?3)

*4:In reality, as the effect of the pressing process and inflow of material, the expected value was setin
heavy than calculated value.

Specific weight measurement result of exterior wall material added with

foamed glass

As the following two problems are anticipated, an experiment was carried out
by adding foamed glass to mortar and solidifying without a pressing process,
then measuring the specific weight.

(1) Insufficient strength of foamed glass causes crushing during the
pressing process of external wall material.
(2) Forms do not stay independent but are filled with external wall base
material.

The experimental results are as shown below, indicating a greater than
expected reduction of specific weight. This result suggests a significant
influence of crushing during the pressing process.

Measured value | Expected value*2
Adding Bulk density (g/cm?) - 0.38
condition of .
foamed Added quantity | o | 459 | 200 | 300 | 100 | 200 | 300
glass (relative value)
Specific weight of mortar (g/cm?®) | 2.09 1.84 1.68 1.58 1.87 1.73 1.62

*2: In reality, as the effect of the pressing process and inflow of material, the expected value was setin
heavy than calculated value.

Specific weight measurement result of mortar added with foamed glass
without pressing

In future steps, improvements in the foaming process of dolomite-added
material need to be made. Based on the relationship between glass viscosity
and foaming temperature, baking temperature needs to be reduced (now
850°C ->830°C, etc.) and the heating time needs to be made shorter (current
10 min = 7 min) in order to prevent foam from fusing and thereby solve the
problems with the strength and open-cell structures. Improvement in the form
of larger particle size is also required by changing the crushing equipment to a
type capable of crushing and sifting at the same time.
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9. Calculation of CO2 Emission Reduction Effect

The CO2 emission reduction effect due to this operation is as follows.

Unit: kg-CO2/kg-CO2/kg-solar cell panel

A:Energy-saving in | B:Regeneration of C:Expansion of regenerated glass quantity
the disassembly encapsulation resin [gase course material Foamed glass Total
[ B [EEeIies manufacturing manufacturing

CO2 emission |Current 0.805

quantity cerliien 0.500 0.141 0.004 0.160
This 0.238

operation 0.071 0 0.011 0.156

CO2 reduction quantit -

quantity 0.429 0.141 00700 0.567

CO2 emission reduction effect by this operation

The process outline of calculating CO2 emission reduction effect in this
operation is as follows.

o . B:Regeneration of C:Expansion of regenerated glass quantity
A:Energy-saving in the disassembly ) .
process encapsulation resin as  ["gase course material Foamed glass manufacturing
ESEE manufacturing
Current |Refining process turns glass to slag (CO2|Encapsulation resin is lost|Crushing slag to Crushing bottle glass into fine
condition |emission quantity is obtained in the produce base course particles, and heating it to produce
process of melting float glass into slag) material foamed glass
This Rough fragmentation, pulse Thermal recycling Natural gravel is Granulating crushed glass and
operation [fragmentation, screening and of encapsulation resin crushed to produce heating to produce foamed glass
sorting/collecting base course material

Process outline used for calculating CO2 emission reduction effect by this

operation
10. Summary

Summary of effects
@ Disassembly process (Rough fragmentation, pulse fragmentation,
sorting and collection)
* By improving energy consumption during crushing, CO2 emission
can be reduced in the process of separating glass in the refining process.
*  Due to non-heating processing, the encapsulation resin can be
recycled as a resource.
@ Glass regeneration process
*  Tests on addition of foamed glass to external wall material do not
indicate any negative influence.
* The relationship between the foaming process and material weight

reduction was verified for obtaining future improvement guidelines.
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[Economic rationale]

Economic rationale of the verification process flow used in this operation
was calculated as shown from the equipment amortization (new investment),
energy cost, personnel cost, etc.

#Disassembly process (rough fragmentation, pulse fragmentation, sorting /collection)

(Trial calculation

condition) Processing 330 tons/year(28000 sheets) Processing 1500 yen*/sheet
quantity 8 sheets/hr cost income (collected from emitting party)
*Assuming that 5% of system price is included in the generated power price sold as processing cost
(FITprogram)
(Trial calculation  Profit by processing 6.75 millionyenfyear (running cost includes equipment amortization cost)
result) Profit from selling collected resources 14 millionyenlyear (Profitfrom selling collected resources 500yen/sheet)

#Glass regeneration process (granulation, heating)

(Trial calculation

condition) Production quantity| 1500 tons/year ‘ | Purchased material cost (glass, additive) ‘ 1.9 yen/kg ‘
(Trial calculation Foamed glass manufacturing cost 32.1 yenlkg (Not including transport cost)
result) Profit ]
(1) Reduce fragmentation process 1,50 million yenlyen (included in the manufacturing cost:by using pulse fragmentation)
(2) Reduce energy cost 3.00 millionyeniyen (Not included in the manufacturing cost:by requiring process

development such as low-temp heating)

Economic rationale calculation results

[Future schedule and commercialization review]

The disassembly process will be reviewed for improved productivity toward
mass production by improving the discharge unit of the pulse fragmentation
equipment, and adopting continuous processing flow. Optimization of foamed
glass process and reuse of other materials (tiles etc.) will be studied in the
glass regeneration process. The outline schedule is shown below.

FY2016 FY2017 FY2018 FY2019 FY2020 FY2021 FY2022 FY2023

Mar. 2020

Mass-production equipment . Startup /
development

Productivity improvement/ X
Reliability improvement quipmgnt

Mass-production in the in-house plant /
introductjon

Mar. 2023 | selling pulse
fragmentation
equipment to
other
companies

anufacturing company products by using /

Disassembly
process

<

Foamed glass process/Other material

review/Reliability/Energy-saving equipment glass regenerated material

\é I —

/ Mass-production process/equipment development

Mar. 2025
Starting
manufacturing
of glass
regenerated
material in other
fields of industry

Glass regeneration
process

Future schedule and commercialization review
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1%, 7L AR DB PATRIARZR IR LI 21T 9,

A% BN S V7o g ReE L 0 L 0. 3mmPL R 2255, 6mmEA |oD4
A XNTEB S D, 5. 6mmLL EORE T E (B EVAZe SRR B 3=
R ERDTID, DI —~ VU A 7 A~OHEANRE 2 515, 0. 3mm
LU OEIX, Ag, Cule EGRBRMEIDN G EN DT, T A~DY A7
AR E T E T, B TR~V A 7 VEHANREZ biD, AFEFHEDIH
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WTHD, BN SN T AD Y A 7 AT DN TIE2. 6mm~5. 6mmDHiFH T
E SN T AT 252 L & LTCo2HIH. HFaHMtoRE 21T -
7o 1272 Ly Z OHFH QR O 1L KGR SRV ORERERH T 5 |
U— BB EEND, V—FRIZH, Z<OEBRPEENDT2D, 2. 6mm~
5. 6mmD BT, & HIZ2[alH OFRER ATV, U — R#R&ERIL L7=%IC T
FAY YA I N~EHT D LR TR EZHED T,

42. BRATHEDEEEN L C02 HHE

A TRROE TROMEEE IR 4-1 DY T A TO0. 112kWh & 7257,

£ 4-1: BETIROMEES

HE miw IV 85D EEE2
ERRE| R/ 50Ty VAT IR L
HREA 0.004 0. 095 0. 005 0. 008
HERH WEESN 1800 ka/h-HEEE  140kV SMIZEEH 1000 ko/h |SnEEEEA 500 ka/h
Hh 8kWh  [-BEE®  9000E/NUM1H A 5 kWh Hh 4 kWh
TNNABOEREN
0.23kW/[E = 6,39E-05 kWh/[El = 0.062 kWh/kg
-, SHREBEROH®EA 0.033 kWh/ke

PNV ATEAFE OTEE BT, e b EUEN R 0 o Te s Ch 5|
ewam@w g RIE20ME], Z 02 T50mm X 50mmD A F5EE Azw%m
W LT E T OFERIEZ VT, SRV OmE~ME L, 55
AW ﬁ%AXWEETHLT/vmmm%t@@@%$ﬁkbtgﬂg
NIV DA R & U TR LU RS S v 7o Sk Vil | & /L
PRGN T DB G, AR 2R 2 Pl D3t = X7 E8.
Z IR0 H LRI 5 B 72 LN b BN 2 b e T 5=y |k
T B0, 2O DHEBEE IOV T HE DT E CHRIGE D EEE
T &R Ui, ML, ERp oM & BN OV CIE, EEEE 1) & fif
M) (RICE—%) Z#ELHEEZITo T2, 1o T, A TREARDCO2
PEHEIT. 0.112kWh X 0.587 kg-C02/kWh (BrbEd IR=zhF0 AP &
BE - W - ARGE ERFEEE DR SERRTEE FEERE) =
0. 066kg—C02/ kg~ R EM /S F L L 72 otz
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4.3. SEDR#MA - 578

ARFEEICBITHE5BOBHL EFREICHOWTIT., 42 IR THEEZ TEL
T I/ \ 6 o
#4-2 : BATROMEEES

#EEE B’ K B & R

‘HUEER(EIR - B &R )OWENE
BRI IR 9000 @ 7# | 2000 B # 1SV FRARZRPTIRE

17 ADBRE TR L 1S
RIEEET VT 2 ¥/ hr 8 ¥/hr COAUNTICEDERNIR R OIS E

F A2 1R T EOIT, 2OV ARG OB ITAPEN: LBEEEE) [2h D, K
FIEICTRO IS (REEE 140kV,/ ERE%L 20 [[]) (2 TREGE *
VKBRS B T z%&mﬁ@@ X, 9000 Bl TH D, Tz, HEDHE
W s % BHz \ZRRE L2358, BR300 B EERIE, 9000 [A],/5Hz=1800 > (i
ERFMEET) &0, %@mﬁ@fizﬁmrkﬁé 7. kLW (EEI
AT D0, BRIEGEMEE RS S A 72DI121E. 8 Ko/hr OALBEERE N3 L 55
%5, HE H&ﬁ%é%_%<#Mim M%ﬁﬁ%i%ﬁf%éﬂ\ﬂﬁ
Baw BT 57 DIIIIEFITEE RSV ABEORIEE . REEO 3T )N
MEL 72D E Wm%ﬂk%7/7féﬁﬁk&é T, WEEDE VOB
O OABREZ T v 7 XE 5 FAMEIL, REREER LTI ENEE L o
TL %, BRI BEINE L L BGOSR EEZITWV. LEIOKET, LY
JREFE T O FTRE R BB IZE FT A TETHDH, SHIZ, 1 XNy TFHi
D OBAELIECT Z L TREDOYETCAENDOR EZHET TETH D,
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5. A5 RABEIROEREAZE

5.1. EFHLHFEDHE
5.1.1. BE
RYAT T A T B OBREEH & LCRINT 2. 74 2 2 — KRS

o (RS2 R Z 500 E, Y = v 7 RS H50% %) & EHE L T,
Fehi L7c, MEEZX 5-1 1R,

e

FAHZA(BERE)  RBHZA(ERE) ERLEAERT TN

flFIR
gBHIA

X 5-1: 47 ABALROKRIEHE

5.1.2. SNEMARAHSIADOEETO—

FVAH T A e NBEIZIRINT 1213, KEGFEMANRAL L VRN L= T A5
VAN T Al TR L, B LRI T T A ZANBET A Y A 2L
THITRORELS 2ODOTENDH D, —HOIET 7 ABLEMT7a—% X
5-2 \ZRT,

29



[(F&yu i 7 2 8diE TR ]

AT 7 ABE TR T, ETKREGEMEVEI LT T 2A0MI%E1T 9,
7L AT TR U 7o RGO T T A ERKE WS O T bmm 2L DY A AT
bD, T ADRENKE N EFEAHF] & DIRE N KEE e b T T 2D
IO RERBENNDLZ NG, MIRTRETH I AZMHT o 06ERH L, K
BREETIEA— I, KO, HRAstt BEREY— Y XA O T 7 2t
TEEZAT, 0fREEEIZ T 100 um LA NITER W T LI T T AR Z Rid T 7
ADFRE LT L7z, WRICEIOT L2 100 um LA T OB 7 AR RITHEIEH
(REEJI V> 7 A CaC03) & —E&EIRA L. BB EZITo o, SR LIH
BHIH I AFUNBFE TN S &, a7 A2 8E Ui, 2 0BT TH
JaFlD 53R (CO2 FA) MV | MEEh L 7= H T A &3y SR T 7 AR
s,

[SFEEVRINA 0T TRE]

INT TR TIIANEECIRINTE D% A XTI T T AOMIEIN L2179, Fid
T AL, v (BN G CTHiE, o E IS TRV T 21T
STz, B#% 600 u m L TFIZEI WD T S50 7 T AWK 2 SR BRI A L2 A
L7,

Fa&Fm
(EREEAILD I LTE)
@ | @ ©) @
HS A B 7R MHES mg/3:a
(100pmELTF)
|
RANSAWMETIE
® ® 54 BEHE A~
R el A
(600umELT)
\
|

SNEEZMA MIIE

X 52 : AEMARRAT I X #ETn—
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5.13. SEHARALTSIAOBRARYY

51 ITHMNEM ORI T 7 AR RD BEEA R > 7 & R- T,
ARFEHETITREA BOICRIAT T A EZIBEMIZIINT 203, BE(LOFEE L
LCEBEEZAWL, BEARY Z1EI0T7 A0 —ls SMOBREEM 2 5%
120.2g/em3 & Uiz, F7- 2Ll EOBEAIIAEERIERFOMEHE ST L AR
BN TLE D AR H 5,

ABERHZTRINT D3I N T A RO Y A K37 A 2 2 — S0 R0 5%
2. 600um AT & Lic, /NS ED ERIAH T AR P KIEFAE LEELS 72
DIREALRA RIAD T, L RETED LABEREDIT, MEHREGT L AR
(2T T ADE L N RAET 2N H D,

R 51 : SNMEERRIET 7 Ak LR

HE B BEARy 7
= B glcm3 0.2
SRR Lm 600 LA T
(FE1aH T 2 He)
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5.2. 1 RERAEFFIT
5.2.1. HE

EERCKGEM AR VN BEIN LT 22 WC3aN 7 2 280E L, 4+
BEVINAIZIN T, ABEMIZIINT 5 £ TO—HD TR HOW T HGEE L 7
Jiti U 7=,

5.2.2. H@aH5ADEHR

[ ShE N2 ]

KM D H T 2 % N THRIAH T A5k & AR AN T % © 4 %Ehi L
SRBEVRIMFI RV N T A ED BIE Ay 7125 L, i8R R Ot A A3 &
DRRFECd 5 il 247 - 72,

(& 50F]

« T AR A X 0100 pm LR

- FEVAAIFELH - IREE LT A

- FEIAAIEC AL« Bwt/%

- INEAE — 27 IR : 850°C

- BN — 7 LREFIERE] ¢ 30 43

< FIAH T ARS - [8lds 5600rpm 10 7
- I T AR HBE £ 600 um

(F{iE H ]
- BRI R B
RN T ARKIRS | L— AT, LIS

[FEAmRE R ]

LG L7 RE T T A% K 5-3 12, AEERIAICKfE, BV Li=&a i o
IR EZK 5-4 [T, ERIAN T RO S kit &2 JM U 7=k 54
#5217,

B IZ OV TIE 0. 5g/cm3 & BAEE 0. 2g/cm3 LV KX < RIRIZHOWTITFE
VR 182um EHEE600um LA NIZZ U7 LCWANR, BRI /hEL
SN TVWBHRER Lo Te, BBENRKRELS Ko B E LTI, BT T
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ZIRORFE LRIV A ADREARL TWDH EEZXDBND, M 5-51TH-E L%
1A 7 ADWEGEZ RS2, FEAT 7 ARIZ 200~500 pm FEEE O R & 725303
INBHATAE L TV D DX L, e L7380 0 T AR AR I RIAS 182 p m & /s
SV, FEAH T ARERNICKIABFE LS 20 | SERENRREoik
CHERIND, BEEA/NSLSTIEOITIE, FEERESTLLELEBIT. R
WA Xe/NS<STLHARPBETH D,

B

i o0

5-3 : FERAN T A 54 : SMEERFIRINA  FEEA T AR

K 52 : SAEERIFIAN T R Koy s ATl SR

FHATER B BifiL P AffiE R BERA~Ny 7
= g/lem3 0.5 0.2
SEEPRIER L4 m 182 600 LA F
(FIaH T A RHedt)
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5.2.3. SMEEM A~ FIREE

[SEhEP %]
& U 72 AME ST 0 T AR & EERISHVEERT I IR L, R 2h R S OV RE
MO FEAMREIZ SV TRl 217 > 72,

[FhEESRLE 7 m & 2]

ABER I OW IR E 2 A L T\ Wiz, 71 2 o —at L E
BELCEmLZ, METRO7a—%K 5-6 ([ZRn7, MELIIEHT 7 20K
ZMERG TR TE A NEOIEEREL & G /ARE L. BRI THMEERIRIZ AL
W%, ROIRAKDERET D120, MAKEIToT, BAKLUTESMEEL T L AL,
BORICRA %, A — 7 L—7 I CThb & 87,

DHEES /i QB
FBHZATmM

-

e v

©®/E/
A—boL—7

X 56 :EMBETr—

35



[FHmE E ]

IBERA DEEAHIZ DWW TIEIETA T T A Z RN L TN WWINEERS L bl U EEA 2
(ot FEASAIXFRICRTIEY T, 74 S 2 —HeU R TRIL TL B4
BEAT D FFEAM 72 HE U C i L 7=,

- i TERER (RREINE, AL, 5. )

- BN A
- MERZ L EE

[ A R ]

5-7 (T, BUE L7 3Va T 7 AWIMAEER OB B % | 3 5-3 (ZHMERS ORFAfh
it R 2",

5.2.2. THRAT@Y | FAN T ADBEENAFERETHLZ LD, &
[0 1 WA T, RIS K0 AMEER O L BRI R A MRS 5 2 LI13T
Ehppolo, SEEM OREARRHETH S, i BB, INEGHE I 0 TR A
EHARMNT, BT 7 A2RNT 5 2 LICX2BERBREEBIIR LN -
7o T ORGEETIMEM ~DOUIMIIEIRNZ LRG0 Tehy, SO oEE
fEPRRBETH D,

B 5-7 : BN T AWINSEEM B E
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# 53 : RIGH T AWMIVEERS FHEAS R

EHMiIE B PEFE FEAHSRFM
AR iZRfe7 28 (N) 695 693

??} ZEL (mm) 0.40 0.40
fa (571 (Mpa) 12.7 11.6
SEEEE (Mpa) 4221 3595

&R IR HE (%) 6.2 5.9
fEFZILE 1.17 1.21
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5.3 2 RERILFE
53.1. ®AHSAEELONREH

1 R OFE R A2 B E 2. MEALOWEKRE L THROO~Q % Eliid 5
L LT,

O LG OR#EL GBIEaY A XO&RKK)

@ FinAIE, FiaAIFEEOEE (ZKJamsimt)

@ WO UGE (1A 7 AMIRORIRIER)

SER O ORESLMOfGEt G814 DKL) 1OV TIEH T A DFIE
KNEWNEEEBEIZET T2 W2 EZF T, 1IRMKBEETIL 850 ‘C30 43Nl
THIH T A& Bl U2, IR Z2 S BICE < 3725 Ll Hite BLR 03 s
SNTEY, FLE—27RETHMBEERIZ L > TRI@RENEIL L TV D,

A Bl 1 WRFE T AW MBE TIIF N ORENHER TE 2o, RS E
— 7 ORETHRGETE TORWAEEERH 5, £ 2 TN HERR T D INEVA
ZHAE L, BIOREBLHER LN S, RERBESFMFOF O LEITH> 2 &k
L7z BRFEL7ZANEIZOWTIE 5. 3.2, TR 5,

RIZUGER OQFaKl &, BEFEEOZT Giaiol) 2oV Tix, %
JAKINZ N EFIARN ER LR LR CTE A3, £ & 5 LR EREN
DXIADNRKEL RDAREMDR H D720, il RFEEHED RO N LETH D,
WA DOEFINZOW T EIZZIE T A XOMHEEZ -T2 b D TH D, %t
G LT HREANT R~ A b (CaMg(C03)2) T 1 RMEEICHWIZREE T L
L LR 20°CHEE ., BIfENMEW E S TWD (660~T770°C) , H T ADKkS
FEOMEW, ZVRIB ORI EED 2 L TRIBNREL R Z L2, &
WE/NSLSTEDEBZT,

UEEROMESRM OE (I T AR ORIRIEK) 1220 TiE, 5.2. @
1 YRARFE TR ~7= X 912 BERIAL 600 wm LA FIS%T L EBRO MR EEPRI AR A 182
pm ENEL 2o TR, ZJ@YA XITxt L, RIS W2, FBigH 7 A8
ERNICKIANFIE LEE 70 o TV D EHELR SIS, AT 7 A DOk I v (9]
i HNH) ZHWTWDED, ORI HAZE 2, BIET 7 AMEORIR 2 K&
KT LHERAEATO Z & & Lz, @~@IT DWW THERE L 7e N IZ- DWW T 5. 3. 3.
Tk~ %,
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5.3.2. MBFHOREIL

1 IRMEEDFERZICIC, VAT T ADE LR AR ELAITH -0, FiaH T
ADREIEN Y — 7 & 72 5 Fe i 72 NG ORGEEZ T - 72,

(Eiaky|

X 5-8 I[ZHFFICHH L72ESE (7 XU v MMF-2F) OFEZRT, ZDEX
JFITBIEBAETH L2, M OFNIREBZHER TE 5, AMEETITNE
L7eNBH T ADRIDIRIEEL 2 MRS L, FBIANERK & 72 2 MBEER OF v H
L. INEARER O RIa AT 7 AW 2 8Bl L, KJaOREIZOWTCEHM 21T > 72,

Ay
AE

SN DIRT

B

B 5-8 : BEEM EBERY

[HiE 5]

« BT AR A X 100 pm AR

- FEVLKIFELE - IREE D LT A

- FEYEHIEL AL ¢ Swt/%

- nEvE — 7 IR . 850°C

- BN — 7 AR FFEERT - 850°CRIE% 0~40 4y
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[FEAmRE R ]

¥ 5-9 ICIRET 17 7 AV L BlE 2 F0E LI INEE 2. X 5-10 (245 n#
IRF D 777 2RI D B E Z -3, FIIRABIZ DWW TIE, 850 CHZERF A Tl
ENITHI L TWDIREETH 5728, 850°C10 4 TRIANE — 7 IZEL, & HICH
AT D224, FEIAH 7 ADMEA, 850°C40 43 DI A XL — 27 D
1/3 R E TRt R & 2o 7,
I5ﬂ1’%M%ﬁ%@%%ﬁ?xmmﬁﬁﬁéﬁfﬁ\%%@h@%%ﬁﬁ
7XME#%Q%¢6&«%ﬁﬁ7X@W%H%AtSMCN ZxE L. 20 4y,

5y EREARGE T DI O K & RIS R Sz,

;ﬁ%@#%%ikﬁék T A %J%E 7 EmE D LRI T A ILHME
Fry IPOKIBIRELBRDZEN T oT, ZORERIZONWTERTDHE, 45
[BlORRRE CIERTEANTIREE I V> 7 LE W TE D NI XY C02 R4 L.,
T ADFIET D3, T ADBEEREL . REEED T A3 T DR AE THNENREE] 23
B T2 ER@AT 7 ANEOZIENENY | [anRKELLoTnD
EHEEREIN D, FToREL o RIRITRERRGE & & HITHIH T AAERITHL
MDD, FIEH A RITRRERFHEICHEA T oo L HEE S D,
A@@ﬁ&fj%ﬁ#mkf@o SIA DD 3 27z 850°C10 43 %

WL Lz,

SR/ 107 2053 409

850 | __________ A
o -
iy o |
L I :
Wil S : >
IFR (92)

X 56-9: 3@l 7 A8E BESn7 7 AN
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500 CH:= 800CH):E 850CHI:Z

850C 104 850C 204 850C 404

X HIADRBTLX
—— N

5-10 : ZINEREE DO H T 2 DFETIREE

850C 109 |

AT

X 5-11 : FIAEFR ORI 7 2 OUiEER
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5.3.3. #HAHKOE/TEEOER UMEEHEORE
YA 7 A D EALEAT 5 o8, FIEH &M OFIEHFEE %22 2 TORJais
Wb, RS 2 2 CORIAH T ABHE DRI ROV TIHRGEEE i L 7=,

[ SN A ]

FIAHN EOREEIC DWW TIERIAANTIREE I V> T A&V, INIEZ 2~
7.5wt/% Tl > TmBE, a1 RO 1T > 72,

FIAFIFEIEI OV TR LY U L E Ra~ A h TEBE R ORI A X
D HHEEHM 21T - 72,

S DT DWW TUE 2 VD RIEEEL % 5600rpm 7> 5 4200rpm & FiF, ¥y
FERENT 10 D 2HERF L= £, RO AT -7,

WTHNORRGEIZIB W T HIVA T 7 A2 BET HREORE 71 7 7 A L3 5. 3.2
THXH L7 850CI0 DI E T v 7 v A L ClliE 2475 7=,

[HiE 5]
« BT AFE A X 100 um LT
< BEVRFIFERE - IREEI LY T A, R~ A b
C RVAKIFE AL - REE LS A 22, 3.5, 5. 7. 5wt/%
Fra<-A b :bwt/%
(Fa~A MIREAL T ALY ENREWZD, KETEZD & REET LV
27 3. Twt/%FEY)
- B E — 27 IR : 850°C
- gk e — 7 fREFIRERE] ¢ 10 4
- MRS [EIA K 4200rpm 10 F

[FFAh 57 74]

BB ROmEE

< RHAH A R KERE AL (POREMASTER 60GT (Quantachrome #1:#4)
KEIBY A AL 1mm LA T O B 1 E

< BV T AR - L— Y — T, BELE

[FEAmRE ]

RTINS 7 DORMEZ IR > TERL7E T 7 ADEFEEZK 5-12 12,

B R A X, BV T AR OIS R A F 54 1R,

REE T L T D DFINE % 2~bwt/BIZHILTIZ O THRIAIT R E K Ae o 7278,
T7.5wt/%FE CTHRMT D EIFEAEREN RGN I2oTz, Giat A XiZ2>nT
[T BAPSSE 5 CIEH O 2T USINE bwt/% 3 K& < Bz 528, JIERE R TIdHR b/
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SR L Tp oo, BONE bwt/BTIRIMEN SN FLBRED VB E~HK Y
YA ZORERKIANE TR S, BrhRid L RE 25080 2 b & T
WD EHER SN D PNAEIOKEEAETIE Im LY REWY A XZ AT FE
IR, SEHRIT NS K ol L b g, SEEIC OV TR E

35wt/ %I BN WRER & 7o 72,

REEAN I L

2wt/ % 3.5wt/%

X 5-12 : RN T ARNBEEZEZXTHRIET I ABEE
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# 54 : REEIN T ABEMUT-REY 5 R O R

Sian #EE REEAN I L
0% HmME

BERE [9/cm3]
FIAE (um]
FIRE (um]
BHMALE [cc/al

WIZ Ra~A NTER LT 7 AOEEAZK 513 12, BEE, Kot A
R BT T AR DTSRG R (RER LT T A EDHER) %, £ 5-5 IR T,
MK Z Fa~A MIEZT-BEECTILREE I V> 7 ARk, M5 5
TIIRERKIAD MR SN2 DS, Imm LA T OB R V2 0 MELAIZH
NT7Tum EB/NSL polz, BEBETIL0.44g/cmd TR L2 7 AUSINE
3, 5wt/ Yl KXo o Te s, FUBNSIRBE I NV T LI A — =R
B & PRI EE O B YIRS O MEWVRRE DOTE ) I X 0 B EE DK
WA T T A G T E D REEMER S B,
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REEAIN I L FOYA b

3.5wt/% 5wt/ %
KBRANVDLBICRETBE3.7%

513 : Fu~A F2HWMLIERRAT 7 AEE

#55: Fu<A FZRMLEFEET T 2 OFHRER

FaH ER REENIN I L

FeiaF [ME 5%
RANDHEIRETHE3.7%
BEE [g/cm3] 0.38 0.44
Fi37L.E [pm] 122 77
FIPHE (um] 231 255
LHMFLE [cc/a] 3.57 3.21
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DA HERLE T DN TIEA3, [BIHEEL 5600rpm 10 # (1 IRKRGESRIF) TIT-o 72
RIRIE 182 um, A EIDSEM:ToH 2 [EHEEL 4200rpm 10 FPOFEFIE 231 wm (BN
& 3.5wt/%) ThHolz, B AE A2 5D L THIEIO 182y mA D 231 um &
L., BBERNCEHES L TWA EEbisns, KR E L THEME 600 um (2~
RIEEDN/INE W, 32 5-6 ([ZIREE T LS 7 LTSINE: 3. 5wt/ %D ORI 600 um LLT
& 250 um LA 2 W 2R 250 1 m~600 um O &8 ERE R 2R T, R E KX
KTLHELEENTRDINEND D720, RIBRIEROWENLETH D, 4l
FEARXO I VTR L TE Y, FESE T 5 EhiRIIREL 250, HY
F0HELS D, WCEEREE BT S iR S RiRIT N & e D, UL A
WAEARIS . AT T A OB Z i 5720, A v ol &4 vz
e L7203 5 OV T 2 FEt L TS RE RN B 5,

ARFECIEEBE N /NI WS OIXREE VY T AN 3. bwt/%, K@)
Kb/PhSWNHOIE R~ A MRINE swt/% & —FET | LlIZB~7T Lol e~
A NOEWRVLETH L0, BmEEEZEMAL, SRR TR EBEE DR KR
TV 7 I3 5wt/ %% VY B 3L 4 IR TANBEIRINRGE D b T A 24T - 7,

& 56 : BB X BTN 7 A G EE

HF&E =T E
~600um 0.38g/cm3
250~600um 0.31g/cm3
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5.3.4. SMEEF A~ O FINIREL

5.3.3. T b SBEEEN/NE o T2 REE T VS 7 LRINE: 3. bwt /%D IIA T 5
A e W CAHMBEER N O R IR A S L 7=,

[ SN A ]

RINH T A% AN TWRWINEER T 7Ll L, Bial 7 A & Fxt
fl 100, 200 & ALV TV AAERIL | AERZELEE 2 E . SMEEDNEE < 72 D DaT
il & 52 ha L 7=,

[R&ESE a7 x) ]
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- YIRS - REE VT A
- FEVAHIECA L © RIE A LT T I 3. Bwt/%
- INEAE — 27 IR : 850°C
- BN — o DRFFIRER ¢ 10 5
« BERSEAE - 4200ppm 10 £
« SMEEA~DFIA T T AU E
oI BIAH T ARNEL (75 27)
PN VAT T AENNE 100 (FHRHME)
Yo NG YA T ATINE 200 (FARHE XY 7 L@b 2 F)
SMEERF I, 5.2. 3. [AlkR, 7 A X = — A SAE L L CTRlE 21T o 72,

[FEAGEH ]
3 LA

[FEAmRE ]

SMBERS DHERE 2 E LIk R 2 £ 57 1R,

F 5-7 OHIHEIISEERS L 30T T ZADOELA . 2 JTICEHE L 7= S BEdt o

mﬁ@ﬁ S 2 TCICERE LTV D, EERIZIX, 5.2.3. DX 5-6 :FMEERHLE 7
—ICEEH SN TWAE X O IT, AR ORLE TRIIZT T VA TENG TR

n. 7L AKE %E/’Uﬁ7?<0>{ TR AEL, LLEPRESRLZENBLLN

Do Flo, FBIAH T AORIENEFRIL E /oo TEY . FEER—ZF R A

TOHRBLHETEIND, ZNHDOT LA TIECHBER— A DA DEEL E

L., HFAMERR., BERmEL DA TREVEZRTE LT,
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S OOFE . FVAT T A Z I L TR WINBER Oz L EE S 1. 16g/cm3 (2
X L. BIEH T AW U= AEBER 1IN E (FERHME) 100, 200 3£(Z 1. 15g/cm3
THEOBD N AN ho7-, FIKE LT, 7LV AREORIET 7 ADENS

LA T ALIASDINBEM N — A DHRAD . FHELL L

D,

TR

LTWAhEEZL

JRK Z R ET D7D, B/ ZNAMENIIEIAT 7 A2 ML, #ERIC 7 L A
HATORNT B A TIIEA T XA DOBEENR ZMEE L 7o, BEER RICOW T

5.3.5. Tk 3%,

& 5-7 : RIQFIBINSEENS DIERLIL BRI ERE R

HIEE HAFE X
E%E (g/cm?) — 0.38
FAHIR
IS
™ ARINE (FAXHE) 0 100 200 100 200
S EERS
485t B (g/om?) 1.16 1.15 1.15 1.10 1.05

a—]

KB LLEOHFERFTLRAIELTA~NONERA—IHOFTNAAFEEL. EEOHEELYRERITHTE
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5.3.5. FEILZRILADFBIMREE

SMBEM BLE D 7 L A TRRICE T D RIAT 7 A ROTENEETE KON, Fig
T AHEPEN WG OB R AR T D720, T VATV 1
T A TOMRGEE FEhE L7,

[EMNA]

VAT T AMEOTIMEEE 2, EAZAMBHZEIN L, L AE{TbhTIz
FEALNVRBAZER LT, BYWEL-TAZ ARBA O ELZHE L,
VAT ADBEIMENZ L > TEREDNRN EORE TH L0 MFEE T > 72,

[HiE 5]
« BT AFE A X 100 um LT
- YIRS - REE VT A
- FEVAHIECA L © RIE A LT T I 3. Bwt/%
- INEAE — 27 IR : 850°C
- BN — 7 LREFIERE] 10 4
« BRS¢ 4200ppm 10 75
s I T AR Y A X600 um LR
C BV HIASDIIAH T AR E
oI BIAH T ARNEL (75 27)
PN VAT T AENNE 100 (FHRHME)
P FN@ : FVAH T ARHIE 200 FAXHE o 7 L@b 2 %)
Yo IN@ VAT T AN 300 (FHRHME  H o 7@ 3 %)
FNHVERER R ORGEIITIROE /L Z AMITK, ERROFIAT T AR ZE N %,
RS%., BRI S HRE LT,

[FEAGEH ]
3 LA

(A ]

FIOH T AR OTMEE L TER L 72BN X AMIZONWT, M E O
WEZEIT- T, WEMEERSBIIRT, EREMLIEELZ MO G E
Z[X 5-14 (TR T,

P OFE R FEIAAT T A BRI L TR WE L X LA ORE#Z LAY 2. 09g/cm3
WZxF L. FIAAT T AEINE 100 (FExHE) TiIA@izbE DS 1. 84g/cm3 L 720 | £
12%8 U=, VERL LU 7238700 7 AN OF)VZ UM OREELELEIZRRIAT T A&
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PO TIT E/NE L R0 AN T ARINE 300 (FHXHME) TiX 1. 58g/cm3 & 72

DK 24% T A RER L Ao T,

LED@Ey , TV ATREREITOROWAER TIX, WFHEZEBE X 5 LEORD
WHER T & 72, 16~ T 5. 3. 4. THBED HLESHIFHEIC B e~ 1= D%, R
HT AZADIBENIE ST, 5.2.3. DX 5-6 HBEMELE T 0 —IRENDH T LR
TRET, BT TANEN T LE-TZ ENTERFRTH S LHEE SN D,

AEl FBNFINASDIVAHT T ARPHIIREEIZ B TIRINE 2 0 I2 DU E
DO PR TE 2 LD, WITH I —DDOETH HIVL T 7 A AR
IZOWTHIREEZRELTHZLETEALZIVEHEMELS 250 E ) DORIEELT
STy BEEOWNEIZ DWW TIL5.3.6. T 5,

#58: RANTADHRMBEEXT-F/VEZ VM OWHG L ERERER

B8 | BRfHIEX
EEE (g/em3)| — 0.38
FaHSX
YIS
RINE (FExHE) O 100 200 300 | 100 | 200 | 300
EIILRILHBEILLE
(a/cm®) 209 | 1.84 | 168 | 1.58 | 1.87 | 1.73 | 1.62

KB L BOYPFEFXTLVAIRORA~NDNER—IMDRNAHEEEL. EREOHEELYREE CHRE
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R RAEL

#FINE100 (FExHE)

#2200 (FExHE)

#2300 (FExHE)

5-14 : FIAN T ZAEMEN Z VB OIVE
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5.3.6. REAHSAMEORELKIZK 2EEHRIRET

VT T AR DRI OWNTIT 5. 3.3, TR L 912, B A XA/ &
72 BiERH DN, Mt A X KRE L THIUTENAVZVELEN/NS S 250
& D DMREE LT,

[N %]

RIFE 600 um LA T DIV A 7 AR K% S HITEIVT L, 260 um LR ZFREL
T23VE T 7 AR (250~600 um) A E/LZMEIZHRML, 7LV AZITHOTIC
ENHIVRBR AER LT, SUWELZZE X VB oMb E2 R E L, 5
VAT AR Z REL T 52 & TRERN M LT 20 GEE LTz,

[HiE 5]

« BT AFE A X 100 um LT

- YIS - REE VT A

- FEVAHIEC AL © RIEE A LT Iz 3. Bwt/%

- INEAE — 27 IR : 850°C

- INEAE — 7 LREFIFR 10 4

« BRS¢ 4200ppm 10 75

< YA H T AR A X 2 250~600 um

C BNV ASDIIAH T ARINE : 200 (FHxHHE)
FH VB ORGE X TIROE/VZ VFITK, EELORIET T AMmIEE N,
IRS%, AR S gilE LT,

(FF i
MR

(A ]

I T AR ORIREZ B2 TERL L 72 Z AR HOW T, Mz b M)
ExITo T, PERPEZR -9 IR T, I 5IL5.3.4. TRUGE L7-Ra T o
Al ANVTW2WT Z 2 7% 70 BRI 600 um L F ORI H 7 A% 200 (FH
SHE) WLz % o7 e Lz,

FER YA T ARIEE 250~600 pm Z AN L 720 X VR Ofasz L E LT
1.52g/cm3 & 720 . T 7 H TR L 27%, FIAH T ARIFE 600 um LT
WIS 7 szt L 9. 5% 2 Bk & e oTe, ZORERICE D, RiRE R
KTHZETHEHEEITETL, TR, EALZLHEBRES TELZ N

o T,
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#F5-9: FAHTADRBEE X T-E/NVF N OBELERERR

e R
HEum) | — | ~e00 | 20| ~e00 | PV
RANIA | mmEeend| — | 038 | 031 | 038 | 031
A
AME ExE)| 0 200
351 o) 209 | 1.68 | 152 | 173 | 166

KB LBOHFERTLAIROREADNEA—IHOFTNAAEEEL, EROHEELYREE CHE
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5.4. 78 - SHEDRMA

F 5-10 ISR L 5% DBHEIAZHOWT E & O, Mk LIZRIAT T R & 445
OREFEME L THEHAT 225G, AT T AORET v 7 LikaE LB FRET,
A%, FOMNAZ BT T2 BRLAZ 1T > T <,

ZDI=O, JFEE 72 D KIGEMD T T A~ BaHE LT Ra~A FER
T 2387 v AOKBEILEIT> T, H T ZRE & IR O B4R & 1
F 2. JIAPENLBLEMEHT 5 & L BT, [IBORHEIC X 5 KI8T
P B2 - T <, BARAYIZIE, BERGEEE DR (BLAK : 850°C—830C 72 &) |
DNENMRE D FEME (BLAK 0 10 0—>T 072 E) FEa L T,

B, MR LTH, BigAlE LT R~ FEERTDZ LIk D, i
T ADZIAME DO FFINTEH SN TN\ D, K 5-15 13, FATHiSLpEERA
Whget o 2 —WFge . 55 4 5. 2009 4E0D [BEA T AFEHUAD ) o Bl 5 RE
DB EZORME] NOEIHA L, &Y 7 ARIBEROMILE A &~ 3 KT
H5, X 5-15 ITBWT, 1 REMEBRBAI LT A, mfN Fe~A ~ HE
MR R~ A MREBEFT N D ATHD,

55 LR fE H 20 R E

0.25

FFLEFE (log (P84 (ecm?¥/g) )

X 5-15 : FREN T R FHE DML A
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Fx i, H T AMALIRE 730°CIzxt L, FEIRIRE DS 620~790°C T B IREE
I LAY 20CIE ERIBIEE MRV Fe <4 b GEIRIRE : 600~770C)
EHWDZ LT, TT ARMEREVIREEDITIIZ LV . KN EN L BLZ O
LIRS, B TE D EEZTWD, — TR S5—15 TIX, REED
N TLED, FavAf MO ILERIT/NIVEMIZH S, 515 THlH
L72SCRRICFER SN TV D RIAAN 7 A & ARIFZFEIC 75%%M%®%@w7
A LIVTHEN R DO T, —HUTIEE A WA, IRzt s L Tix
XL TWenwtkE x5,

72%5.3.5. TR/ L 91T, ABEDLLENRES b2 o DT VA TR
T@%ﬁﬁ72%mﬂ£ﬁlt&%$ém1wéo7vxﬁ@@%%_ﬁ%¢
L5EE. TVRAEEZ/NSLKTHHELBZ N0, Ll 7 AL LTIER
aEAb L, [iEOMNMHEZ @D HEEZE> TW ZEDNATHL &5
25D, RIMOBEDOBE 2L LME L B 25— 5T, KIAN~DIEES— 25
DWAZB RN TE 5, K 5-16 |2 1 RIBEFCTRIE L7-3A T T 2D
SEMBEAZRYT, ZOFEZELLIRY | EMRTIEH D2, BidT 7 ADKIED
BENHE L 2o TR, BENREN TRIADOMNMENR DI TV D ERS M%< R%
T%mé FIAH T ADRE 2 LT, 20, KIBHNASOHNEER— 2B DA%
B <T=bizid, BEZIEL L, 2o, BEOEINEZDVRL 325 K9 7%, Mar&iaft
&@@a&%M@&%ﬂﬁﬁk%x%néoL#L\%#E<ﬁwﬁgé_&
IZ&-oT, WEIPES DAL R ETERWD, Mk L oEE
fbbMBEL 705,

F72, 5.3.6. TR L DT, T T AMRORIRE KRELTHZLTHE
%V&U%w&wﬁm%®%i%mé<ﬁé ERERINT-Z LD, RN
T ADRFEE VB IS $5 2 & 0Nk 1 ' 2 DSENPMLET
b5, BN LM TE DR ~OERR LN, Wz Bk LT
LI REHA L, EETHDHEEZTND

# 5-10 : FIAN 7 AONERFIZHOWTORE L 5% OBHLA

EOL M SEORV)E A

g hve- ol e EEAOEE(FOVIMICES
WEFVT  BOEBERM &SRR, INF R R

SHIAEABLRBORGICEY.
o= TasmMbat. [anBHAURIL(MIIFRE)
BEit = amHit RUBOREIEM
R K ERtASOMBGRIEERLE)
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<

y by 74

7 : ' ‘ '@ i
50 NI wuﬁ;g_mr;i/f’ SN AL AT X AU S

500x 20.0 2 e we:10.0mm 3kY. 2006/10y8y17-06:20 S
X 5-16 : FiaAF 5 X SEM #2525 H
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6. C02 AliENRDHEH

ARFEECTEIE L TEEBUROEETCO2 eHEAZFHH L, AFEITE
A EH LA R EmE I o 02 HEHE A X 6-1 12, 6-1 1 2-1 T/R
L 7o R FEOFMEIFH O XIZ CO2 P EDOBUE AT L LTnd, X 6-1 1T
ATHEY ., TA A TROE=Mb) B:EIEEEOERL) [C:H 7 A
AEBOPLR] IZOWT, C2 PEHEZR ML TWD, 1C:H T AH|AERDILK]
[ZOWTIE, MBS &R T T ARG IC b T, EHEIT-> 05, i
B 6-1 ITR"IEY , AFEETO C02 PrHBEOHRERL, 7 /0 I P L b1 BOX
o ER VKRB SRV EEEL LTS,

HEBESLEUOCO2HHE (kg-C02/Ko- KRRt/ s : 7N -im FBOXREY)
|:{> SEA |:,'>=ﬁnﬁiu

iE "B HirEmoREE o1 41
L
1* Mﬂm

ot IR— y 0066 )
3 | L@BGIEORIAE .
=2 |

FIITL—L4
H?BDXEEL

X 6-1 : ABEZEIZB T 2 5FHHEEHD CO2 PrH &
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¥, ARHmHEIP O TEME AR 6-1 (TR T, £ 6-1 IR T LRICHOW T,
2. PHEEEPHOMET 2.1 METHEML TERY | FMOMHAZAENET D,

& 6-1 @ AP O TRHE

- , o CHIABLERDIA
ARBIROEIHME  BHEHEORRL T
B |[WELAFRERSIA HIEREIRE  |[R57% ELHFAEME:. REFE.
(70-MIFRBRICEW 7ML WRL THEHA [NBLTREHFZA
$370EATCO2EHBEEH)
R MR, VAR, 330T HIEEEEY ) |BREEREL. [BRESASAERATL.
BRI ER Y120k MRL TIREHA [INL TREHFAIA

A THEO Co2 e E DB HARIL A K 6-2 12T,

#6-2 : £TEROD C02 P HRH#L

AR - Hig

A:

Tu— T AEMICE Y AT 7T 57 et A0 02 iR L LT, BLFOHMIZE

WRbHD [7a— R HF7 21 bz o o2 BEHER 0.5 by kv iEH

Bk < BRI R — A=Y [H 7 2 BIEE TR & C02 Wk
iRtk TR D
http://www. nsg. co. jp/ja—jp/sustainability/glassandclimatechange/embodiedc02inf
Hxx bk
loatglas iedcO2infloatglass
A | T42. ATROWEED)] (R OEM
EIEBIEDO 1 k g OREARE-FEM 1Y v MLVOREE XEVA « Ny 7 o— NOTEE
B: + KBy S F L E B XEVA « Ny 7 32— ROEIR X b —< L U YA 7 VRS
ESTR7N
Bl E) X EIH D C02 HEH R B T
EIAL CEERNE. £ 6-3 HILBHMEOBILIZEET 5K THH O C02 HEH S AR LA 2 ]
AFEE | 0L7T5
WA IC H S & | R T VRl 002 HEH B4 0. 004 kg—C02/kg &
BLR
c BURD A T FHifi & ARFEEO BIRAHRD C02 PEH B [F % & 3T
AL A o 02 PEH B+ B AT Co2 HEH B CE N
5 - B0 C02 PEHIENE 0. 0068kg-C02/kg (i : 1 —AR> 7> 7Y o MEIEERITHEE
PN
C: C02 HLH B IHFUHNL T — & _X— 2 4.0)
HZ « BERAARRED €02 HEH BIX 0. 004 kg-C02/kg (WALFAEIC S & LEREH B A ET)
AR A Z AR C02 HEH B+ ki 11k - I - B> 02 PEH B CE
PER « AT ARERED C02 HEHI R 0. 004 keg-C02/kg (MALFREICIE S S MERE ) B4 EH)
i) BLR
o ORITAb « BN - By 002 HEH B 0. 156 kg—C02/kg  (MRAHFRAT (2 HeD & M BE/2 TR
oA
A8 )
i
A I\ IS & T AL - INER - B3 Co2 HEHH % 0. 156 kg—C02/kg &
PN
c BUR EARFECTH T ABRIAAL - B - B> C02 HEH B IRISE & G
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Fiz, K62 NOEIERBEOEIFLIZEET 54 HH o €02 P BB HARL

Z 3 6-3 |TRT,

 6-3 : HILBIEOERLIZEE§ 2 £ HE @ C02 HEH B OFE HRHL

HH Hofiei | HEAL WARAL -

BATIRA I KX AR 1 O FEE O
FIEBIED 1 k g D3ENE 8222 | kcal/kg

BREEE BERRET APEHER T -
BHiH1Y v MLORAE 9310 | keal/1

£ NFERIEE O A IR OEE
EVA- Ny /o — DL ERE 1.73 | kg X 4-1: fRIK TR 7 — <=7 Y 7L
INFIVER 11.76 | kg RT 2 AFEHE OB
EVA « RNy 77— h D[RR 80 | %
Y=< U YA T IVEH 50 | % B AT IS FE S X

. BB BRI AHERE - #

I Co2 PEHE HAT 2.71 | kg—C02,1 - J5LiH

e INFEHIEE A I OB

6-1 (Z/R L72 CO2 HEHHEICEE D & ARFZED CO2 HIERh 2R H L TRV,

* 6-4 1ZRT,

# 6-4 ;: AFEED 02 HlEEE

B{iQ: kg-C02/kg- KR/ SN

ARELED | BHILEIED CHIABER DA -
#HIxik =R REVMRE | REHFARSE =E
CO2HHHE [ 0. 500 0. 141 0. 004 0.160 0. 805
=% | 0.066 0 0.011 0.156 0.233
CO2HImE —0. 007 0. 004
0. 434 0. 141 5 903 0.572
Fo. HTFED CO2 B DR A > N a2 6-5 12777,
#6-5: F LD CO2 BIDOFRA b
CH7ABEEDILA
; FNEIR 3 D& —
ABEIROEIAL B3fEHEENERL REHEE REISARE
VT | JOL PN o v iy (BEOCO2ME IR RIS WHFE- MBOCO2HLRRKE
i&'ﬁ-‘d}’&li "5.-(,‘ ﬁ?i’ mﬂmmf’b'ﬁ*l’m B ckstmE, BuED KRELES, BROIELA0
CO2MLZDRIBARIRE |  F-eWIYIINEE  |emacoogwssy (Cooummsas
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AEEIZL D, C02 Bl EIT. 0.572kg-C02/kg— KBFEM SR/, &9 HE R
Tholo, ZIUIKBA A A & T 20k G1E & g LT 60% RO & W 5
RTHY KIERHRDSHRGTE HRR E R o7z,

FARHPRER & L TR 6417 T L 212, A TR TOHPRARKE < HBRL
TWb, £/, MERTIETIEHFEILTE 2o 7, FIEEIAE, EVA & W o7 klliE %
BN L CH—~ AV H AT VT 52 L THLNIBENET, MERTIECL
TCO2HIREIZMZ bND Z bR E LTCO2HNBICEL TWDEE XD,
AREFEETIHERTIIRE LTHEBHAAS LIV A 7 v 7 — 6 L CEEiEE#
WIBN, —J . REETHNTZ L ARG LI O T 2 (B 21X,
V= Ty vy —E) LOBEZXTIGE. IV AR O L ENM (AL
HOHEE) OBLRN GEAIEOREEN S HOMEE U TR L TV, fkkekret
ZITO TETHD, 12120, RO NFHIMHE OGS AEMITIEF ITEN
TWDN, TR OEHERDREETH D . 0% TR TOER| RS K #EC
BD, MHEHEICEIEINC CHEINT A 72D10%, HARRE, MV VRIE £ TRk
BT B, T A, Ag, Cu /e Ew BB OB X 2ok b 23 RIA & 72
DI OB E VIR TR EEIND LB 2D, 7SIV AIERETIEL, i o B
BN FIRETTH 0 . BRI, Ny 7 —F, U — FRIIKE YA X TH
HECX D72, W% TR E L@ OEHNAETH D, £ 6612, L
TR ATV AR & T ) R D LB I DWW T, E & TN D,

# 6-6 : BT TO/ UV ARERE L SRR D LB

LRIEE NV AT pubadinll g
Baok "] HE e
CIN- BE
wwmd) (=M EICH R (RHMEICHRREHENL=D)
&5 Rl ENB=) XABE R/ VG, BEELT, RHEEERE<.

D E 112 | LA 7 ) M R—Yr X ICiEEh37-6, "2 323,
BIRASLYIXTHHTEE ML ANNACETHRTIUES B, ERHRAIH EE

SEH 8#t/hr 100~150#t/hridFTREZEH
(IR ) (3¢ PARBE) #TETORNIBRI’EECGGHETLES)
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7. £&®

(R % & 0]

O TRE CRLABA:, /<L AR, S&HIENIR)
WREDE AT, KEBEE D A 7 X5y HED CO2 BELH kA M T
CIEMBVLEE D 7= . B IERE O L AT AE

&7 ARAETEE
 FEVAH T AOIBEMTIRGE TIE, ERREBREIIRD bz
L BT 0 A L ERACOBIR A AR, 4 OGRS 28]

[t & BEE]
AREEOFFELR Y v —ORfi A% CGilika) /IRa@hdk/ Mg, Finb
-1 O@EY | EHFEEMEERE L,

S RETE(HEWEEE. /AT, EHER)
(BER®)  [mmE[330h/4(280004) 8#r/hr| MMBERA 1500 % /Hi( HEHE KWAIR)

MOATLEROS KHMBEREEL TREMHRICSENSE B EFITHE)
(HRERR) [ERICLZINE 675AM8/% (7,207 2ANIRRIEHEE)
B R ECC N 14000 A/%& (ERRFIcEE 500 /#)

SHZABETIE(MAIFL. mEk)
(HMERH) (e8| 15000 /% | [BARHE(HFR-Hm#) [1.97 /kg |

(HERR) WEHFAREIA 32.1M/ka GE=ESEY)
AFETAHENZFE OBRBRIEFR 1507M/F (FSVABREROLD)
QEREBHEFR 300AM/F (ERMSBSOIEMRE)

B 7-1 : RFEEEORERR

fRARTRRE T AMATR T, FERENRR LD, REOEELEZ
TW5, K 7-1 [ TR TRORE S BEIC OV T T 5, HHAE O K
B SR T, BEEREY TH DI DHEHE L 0 AEE H OIS ATRETH 5
L, MEERICOWTIE, FITHIEIZ LD O A7 LIk O 593 EH & L
TREBMBICEENTND Z & 2Rt LTRE L,

F7o, B ARG EM SRV D IREEFIZ LD 0 S SR Z1T 5 U
A 7NV LI ~ER SN D £ CIIERERFEICEET. U A 7V TIRI TR -
By E CEAREHPA L LTWD,

fRAR TR D ALPRE | X35 O ALFRRE )1 % 8 #/hr. BRBIRFRIIZ 12he/ B . 4EMIE
@R 292 A ERELT, ZOBEIC LY, 4 28000 L DMEENFRETH 5,
RO LS 7= ax e LT, BRA. AR, L ARLE
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AW D DFEAKERE: . AGER., T L TRIEOENE (HAERSHE) 28 A
THRELTWA, £, HEHFH L0 BT 508275 1500 M/ KA ik
ELTEID YT CTREAE L,

ZID ORIHRGIFIC LY | HHEAKGEM SRV E RS 5 Z 212 X
. 28000 5 X 1500 [ =4200 J5 /A, f#EZAT SO VYA 7V TIHOIA & 72
Do TIMBT =T AR NEELSIWERER, 675 T/ ENY 1 7 L1
GOIEE L bR A TH D, o, BIRMIEOLEE LV GENEEHT L5720
AFRBNI IR < SBBNC X0 [\ S N5 EIROFEANT L DU 1T E A TR0,
HEF CIC, BIEOGHME 2 _X— R L3 (500 [,/ #) Tix. 1400 J5
MAEOE L7 A TH D,

Stk B A KEGER SRV O EOHRIZEV, HEHE L0 BuliEh
DA EH O & FFEMET D &, A LREOZRSCENEROSAE E Y
7 IR BNB O, REIIDEEZ D,

T ARAETREE, KAEETAHINIFIEE LT, 3790 At %
T 5720, X 7T-1 OFMFTIE, BT RO 2 2 FEIEAS 150 77 H /050
HEChD, ZO&RIT, BEHIRIET 7 ADRE 3 2 MKV IARE R TH b,
T, RFEEOFEIHCL Y, RO H 7 285G X0 | KIRE R INE
L OFMMENMEE 72 o7z, KIRMEVED TIEZBRTH 2 & T, Bk L
FEE D, MBI LERFENE ONBUE OREE S L IXESMR) 12220V TiE,
300 5 /AR OB RiAE NS,
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[5% DT E & FEMRGT]

SBOARICONWTEEK 7-2 ([ZRT, K72 I3IAKFEOFEFRFATHGRA
TWZARE RS> TWD, TR TR TIL, 7 AR E 0O h B <08
B OUGE R & BFEL AR 2 T AN E A BET 5, T AH/AETERET
X, BIEH 7 A TiELERELT 5 & &I, e (#4105 ~OFFHAIZ
SOWNTHIFIT L THRET LTV,

Mede TR & LT, ARpEMEm b (BEtEm RICBGHA TS, BRIE A2 EA L T,
HNTZ7 2 N TOREEZ BiA TV, 7LV AEEBEIZ DWW TR, fFRRIVIZ
(AR TE b FRET L T D,

T AFATIRE LTI, EARTERBIKT LckIic, EEECE 2L
Zm L&, BT AFEMEZ W RNELEEE R HigA TV,

FENMARO IS 25E LICHOWTIE, FEIEERAO KRG EROLELZ T C
2, TRNABEAS, BRETIA VYA 7 L~DIHLED T, MEtL
Tn<,

H284E/E | H20 4EF= | H30SEE | H314EFE | H324FEE | H334EEE | H34EE | H35EE
H32.3
2 / EESmERR @/ tiF
pod SEER L/ RIARRAL B / HATSMNCTERE /
i . : .
1 =Rz
: Pty 2
v |
- EETH-BEER = o
3 / 852 TE/ BHERE, ERE- T2EE | 07 M ERLEERRRELE
B
&
I H37.3
T 3 BTO
HZAHEW
MERAE

X 7-2 : 5ROTFE & FEBRRTO HERRE
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8. BH=m

8.1 RGeS VR DAL 3 M
ARGERETHW = KEGEHL SRV % 2L AR U T2 ) O X BRI 8T O #
RAEFK 81 ITRT,
# 8-1 : 7OV ARERRZ X B DAL

R4 R4 A T A FHESTIE
0. 3mm At 0. 3~0. 5mm 0. 5mm~5. 6 mm

S5i02 Mass% 84.2 81.2 78. 7 78.6

Na20 Mass% 7.05 8.69 10.6 10.7

Ca0 Mass% 4.58 6.29 4.05 4.32

MgO Mass% 1.92 2. 36 3.49 3.47

A1203 Mass% 0. 96 - 1.33 1. 35

C Mass% 0. 62 0.81 1. 00 0.908

Fe203 Mass% 0.17 0.14 0.11 0.07

Ag20 Mass% 0.16 0.09 - -

S03 Mass% 0.14 0.17 0. 22 0.22

Sb203 Mass% 0.12 0.17 0. 30 0.28

In203 Mass% 0.03 0.02 - -

Cr203 Mass% 0.03 0.04 0.04 -

NiO Mass% 0.01 0.02 0.01 <0.01

Cl Mass% <0.01 0.01 0.02 0.03

Cu0 Mass’ <0.01 - - -

7Zr02 Mass% <0.01 <0.01 <0.01 <0.01

K20 Mass% <0.01 <0.01 0. 03 0. 03

P205 Mass% <0.01 <0.01 0.01 <0.01

Sr0 Mass% <0.01 <0.01 <0.01 <0.01

As203 Mass% <0.01 <0.01 <0.01 -

Zn0 Mass% - - - <0.01

T-Hg mg/kg + dry <0.01 <0.01 <0.01 <0.01 JIS K 0102(2013)

66.1.1
Crs* mg/kg * dry <1 <1 <1 1 JIS K 0102(2013)
65.2.1
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ZHIUTIE, £ 8-1 ORI OFERICOWTEHIAT 5, 3, BAEOSRMEIL,
LLTowy Th b,

(e 2 4]
< fifi %L HIT224 o (Panasonic #)  50mm X 50mm
- BRFESE - BAEBIE 140kV

HCEFEEL 20 [H]

FREDOSMFIT T/ OV R Z AT, BB AT - 7o fE S, 0. 3mm AT & 0. 3mm
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