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B Abstract

The first industrial flat glass manufacturing in Japan began at the Asahi Glass Factory in Amagasaki (the site of the
current Kansai Factory) in 1909 with a cylinder blown process introduced from Belgium. The glass was melted in a
Siemens-type glass tank furnace, a reverberatory furnace with a regenerator. In 1920 the America-Japan Sheet Glass
Company (now the Nippon Sheet Glass Company) introduced the first Colburn process to Japan. Production began with a
continuous manufacturing process in Kitakyushu, Fukuoka (later to become the Wakamatsu Factory). In the meantime,
Asahi Glass also introduced a cylinder drawn process following an early cylinder blown process, and, in 1928, shifted to
made use of the Fourcault process.

A high-Alumina containing electro fused cast brick (Corhart Black) was invented in the US in 1925 and was used as a
key refractory for the glass melting tank furnace. When it was introduced to Japan, the life span of glass tank furnaces
became several times longer than that of the previous high-Alumina containing burned brick. Consequently, the quality of
glass was remarkably improved.

After World War II, the need for housing to be quickly constructed led two flat glass manufacturers to apply their ener-
gies to restoring plants so that flat glass could be supplied to the construction. Following the postwar demand for recon-
struction, a serious rush to build new houses, factories, and office buildings stimulated significant increases in demand.
Against this background, Central Glass, mostly capitalized by Ube Soda Industry, was founded in 1958. As Japan entered
the late 1950's, changes in house construction methods and the increasing speed of motorization, caused common use sheet
glass, mostly 2 mm thick at that time, to become thicker and larger as well as more polished. Thereby, three flat glass
manufacturers worked on increasing productivity, improving quality, and increasing factory capacity, and used imported
technology to do this.

Furthermore, a Zirconia containing electro fused cast brick with a higher corrosion resistance against the molten glass
than that of Corhart Black was invented in the US. In Japan, too, while the main fuel in use was no longer producer gas
but heavy oil, this brick was incorporated into many parts of the glass tank furnace. This resulted in a remarkable exten-
sion of the tank's life and the remarkably improved quality of flat glass. Technology which dated from that time enabled
the electro fused cast brick to be used correctly in oil firing furnaces, and has been passed down to the present with very
few changes.

Entering the faster growth period of the late 1960's, manufacturers introduced the UK Pilkington Brothers' float process,
a revolutionary invention for flat glass industries.

The manufacturers, while coping with environmental concerns and two oil crises, increased the unit capacity of float
glass tank furnaces, resulting in improved productivity and energy savings. Moreover, 3mm and more polished plate glass
was replaced by float glass, and then beginning minimum 3mm thickness of float glass could be reduced to 2mm in Japan,
because of the demand for thinner laminated glass for use in vehicles. Mass-production of these thinner glasses by
Japanese manufacturers took the lead over glass produced in Europe and US, even though reduction in thickness had
been implemented there first. Extra-thin glass for liquid crystal displays, (one of the highest quality products produced in
Japan) were successfully mass-produced as well. Thus, sheet-glass furnaces that were mainly producing thin glass almost
stopped production in the late 1980's, and the float-glass furnace reached its best days.

In response to recent changes in life style as well as the demands for safer products and energy saving, float glass
based products that have high-grade performance, laminated glass, tempered glass, sealed insulating glass, solar reflective
glass, and mirror, are now used more than ever.Japanese flat-glass manufacturing technologies are highly valued through-
out the world because of the outstanding quality of the products .

This report, with some author's consideration, shows how flat-glass manufacturing technologies have been developed in
Japan over the past 50 years after 2nd World War in response to both consumer demands and changes to technology.
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(F—=RAFSYT) | (AVERIT) | (REF L) (BHNR) (BAER) | (FER)
Si0: 99.80 99.78 99.70 97.00 95.90 95.0
Al:0: 0.04 0.03 0.08 150 2.22 15
TiO: 0.03 0.03 0.04 0.04 0.03 06
Fe.0s 0.012 0.02 0.023 0.09 0.075 0.1
Ca0 <0.01 tr 0.01 0.02 <0.01 tr
MgO <0.01 tr 0.01 0.04 <0.01 tr
R:0 n.d. nd. nd. 0.8 1.41 0.15
tr: TFEOAFEEH O, nd. : R
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F23 KRMEAZZAHATVHOKREST (Wt %)

FLE 2541)— H3045 hiLsy [E 2 BE FAA
(mm) (F—ZFSUT) (AUERLT) | (AhFL) | (BHR) | (FHNER) | (BER)
>1.0 —_ —_ —_ —_ — 3.4
1.0~0.5 5.0 3.8 1.2 13.7 3.9 36.0
05~0.3 250 28 16.7 38.6 }-831 14.8
0.3~0.2 66.1 58.8 41.7 228 : 7.2
0.2~0.1 3.7 28.2 37.2 19.4 10.0
<01 0.1 6.4 3.2 5.4 12.3 28.5

|2.5 /NS 2 BEDEE TS LU

2-5-1 & (&8s

WA 7 2RO BN S 7 ETITbNh b,
Ry v 7 ZiE, MR BEFIYDOT -2 2R
BBRZBXL0FZOIAERELZLRL LS E LT,
POV ABHEIIERLIZZE (F) THY., LKW
REEIZBAEDED > TRV, KL THK Sz
KMORORT, FEHR A, R, 158, wH. B
Mk L TITbN b, #ohich s RAEEE Ah, £
O LI ER L. rooEEoOBS L. KB &
OBERED & & OGN & 0 5 2 FR % a5 2 gt
O T, BN, SR () B X OEN
M (BFEE) 2OMY M oTWwd, MICA->TW
2HITADORIERE N 252000 Y FTH b,
FRFEEIAT R B WRELE T 2 MiHmE T >~ 7 B0

fEAEOSLHIX 2R3 1 (K124) 0

WA I ZADFEEZ. Fwib, vV —FK, 1T M.
B, ARG, KA. BASA (BLy b)) RET
HY. MEHZ1955 (BEAI30) FEEZEC, ARFER
H A B BRI S iz,

B O — OO0 S A SN FRN v F 126
HT1,500~1,600C I S, HE, BHEIh Ty
HHE (TESEM) A DV TIRIEREMIC X 0 e S
ND, B L SHMEE OEBIERICO W TR
BYH Y EIETHLT S,

Y v BEOERN % IS PEF A O 11,400 B
LEOBWRETH Y. 7 R ORAE B2 R TN
W2, EHBIIERHMILIHATHY ., PR %
HWLUT, BEZMEL 2%, W LEANRRAD S 0IEHR
BAAZRLTTFERT S, ERZIOVTHROR
AW A CFR) HOEMANDOYVIBZ DY, 20
HMAEBIZOWTHEIETHLT 5,

H=bF T TuTT4T
059

& X

PReJA74 94048 n39y
L L / 799Y '
A S
=) £ prrion "
mE 7”;’1. O i e
i | TR by Zd e BEL o
A Fs— A F 7 -0 =kl F: SR
1 & ) 1 . ?’, r
5 ,'-:-L/: : N BRI R R I‘p-- ): 5‘;::" e
5 =3 I — < BRI
= &R i ;’2 HE X
o ' N | K
1 | [ i b IR S
.: AR E e 7 RN
| 7 >
| i 7 74
I ; 71 ity
7 7 7
\ L[] | [T o
T 1 F — T -
ARERO

2.4 ZEAEMFHZAEMHRXE > IR
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2-5-2
(1) BHEPPRG] EEISYT % £ TOWRT 7 2R
®2 % v (Crown Glass Process) *?

THARGE S ) T AP L2 HETH 5, 8547
DGR 7 AFHEHBEIWY . Zh2HFEROE
WCIRE ., HIDOHMBOLH BT T AFEME DT TH
DOFWITHEA L, K250 X5 1Tl HEL. kL
THRAE L. B2 Bl Loz X - TES 2

WET %o
(f%)
1
2@’ 2

@FKMFE (Cylinder Blown Process)

18004 B 7 T v ¥ b - THA T A D
bt o T2, I9RFED FL vy —2
2R DOBBRIMB BN BRI AY v 7%
DOWMBLT— KM U727 R REAN & 3612, Fk
fECED, BRI D MED L VENT T A9 5
ND X)o7z WHHENZ KK THEFRICKE,
ZOMmZY D EEL. MfE2HE ) U<, ZNTHEM
BLTMURT2HETHS (K26),

M25 757 EEETIER

00 )

[=1]
~J

O O =

2.6 FwHBHALEEIER

@F /N — A MK 53 (Cylinder Drawn
Process)

W REEEFROBTVESPIEL DT,
19024 RE A @ F 73— A (J.H.Labbers) 2358 L 720
CNIFTITAHZWETTAY v 7 B DHRELDITIC
BL., CORIIROSAEZILAAR, EHRRELKE
B HRAZR AT BT 5 5. MY LTl
RIET 2D FRNEELFLCTH %,

T 8= ZKE T F T U T KRB 2 A2 1%
HoU72% MIRMGATRRINESHED RS &d o
720 DT, HEPPHG] LESHE SN D ICBE X AT,
HADOH AT, 19334 % i te \2# b ) & &I 72,

(2) ABPARE] LEICE 288 GEW) BT T A DR
e

@O7 W a—)vid: (Foulcault process)

NV F—= A, 7N 3= 5 L1910 BT A
D ONTTTRNTH L WHMEDHIOT] EIFRIZT
¥ =X (debiteuse) & LiFNbHPIITHEWVWRY

v FOBHBWAKWE N T AEIIH LI LAAR, R v
FROREY LD TL BH T ARMBEICH] LT3
Ho WA T AT ARG L o THHID HIHHI S
. BILETFEZ EB->Twl, COFRXTRETES
WA T A FEALI~8mm. TE15~25mIEETH S, &
DR TR DO DOEMEIII~1IEOL K oT] LI
ARETE, FEID U2REASLHR OB % FRC
ERETES (X27),

COHRTIE. FTADVEENYTFE L —=ZXDR
Vv PREOHRE T T AHIE RS HT 52 L)
LTHREL. 5l EFSN D45 22K LR
TV BRIRESTERTV) ZEHMETH S,

@ans3— ik (Colburn Process)

REAN, GWN—=I2X > THRBES M, 19164 €
—%}—x ¥ 2%t (Libbey Owens Co.) THREEN7:
TiXThH %o wRZEN IR RG] EITFEOA T X
OHAMERA S AT ARG LT S, #T AWITE
Wi, F—u— (knurl roll) & XXM 5k

7 T 2 BLERATRRORGLAE
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DHFNIz—HDOKERT—=NVIZK 5 TH I AN DN L
WY EEEET 5o H T AN LD FRICHD o Tt
N2 MICHHETRICHH S R, KEO R WK
FADG EF LN THRFT T AWK END, T A
M2 5#60cm< SWEEIZE] Lozt 2 AT,
Wk a ENCH AR TMBEKIL SN, XVF9y v r7ua—
)V (bending roll) 12X o TAFHFIZHIT S, &
HLY—IZ%kSh b,

ANN=VETIE, XYF 4 77— VOEKAOW
LNEPROAETH S, COHETIE, 1DODREIT2
BoOF EFRZ2RELTCOLOXEETH L, I X
W OEARIEI~8mm. MH25~4mTH 5 (XI2.8),

@ v v x—2rE:, (Pittsburgh Process)

19254, kE DK v v x— 274t (Pittsburgh Plate
Glass Co) 2L o THHEN2HKRT, 7va—wk
LBk SRET | EIFETH HH. F T AMISEN L
FE P =ZXDMRbYIT. I AMEH»H5~10cm FIZ F
7 —/N— (draw bar) & X SHIEWIHXWZiLD,
ZOHLEOH T AWM S, €D FIZERE L7z—x DK
P HBROEHNC X o TRF 7 A5 &2 5] B 5 Jdk
H T AN DEAMLBEH3I~8mm. WH2~3.2mTdH %,
COFHNIFG LIFEHNOEMA T A DIRED7 )V 2 —
WX D#100C &< KE (FEd o) oREI
B, HHRHER2SH] EF5HZ LT, BRI A
DALFIIR T E D D B LIEA DAY — % A LR T W]
EHED D, 10DOBICHERINLT] LIFEOKIZ2~9
BREETHL (M29),

M7 v a—Likoggnz kE YR Ly k
Ji (K12.10) BIOBEHRK T AIZE > Thbo ¥
WIEM D70 — MEIZOWTIE, FAETHELL I
W3 %,

2.7 7 3a—JRXE| L&
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i ~oFqrFe—n

My T AW

§{_

W)
i
S

S
N

M2.10 M5 k&

(3) RUARA T A, RAMA T A, BHENA 5 AF kL
Qu—n7o MEE
FEARMITIZ19204ERITKRE 0 7 + — FHBY LA 74
I o TR SN K E LRI HET % b D

Thbo WRIZOHIZHRT 2B LEMA T X %

—HOKET—NVOMIZPFEL, 9=V DX ¥ v ST

BT %0 BRH T ZADYE. @FH Ta— VKA

WEMZ 7T AEET 5, FIADBEAREIX Y v

THhED., AT A LRI T -V omE#EE T

PeF b, HH2~10mm, PE15~25mEERE (X2.11),
HWARA T ADBA, a—L T bOXx v FI2H

ZAND O MM T, FTEHMHAL LIBHEALE D
D, T2ty rou—LoRRTHE ANRS

Y FLvFik (FTvTu—E) B’ b,



JEWA T 23RV, @=L 7Y MEBEIC K Y B
I T AEDLD, ThaeBEl Ltk ESh
Tz F2MAERT T ZABRMICT—VT T MK
BB L VRADBREB T XA %2 ), ThEEL
ZLICX IR T,

L2L, 7u—MEOREIIZLY, Ju—MRA T
ADSERA 7 AL O WERERD TR E e o722 & h
5. BYIOBEKRA 7 A3t o L2HL, 7u—|
ETHECTELVHABERAT I ADOAR, TOREXNE
WET—LT 7 MRIBETDOL 5TV,

X211 Bk - @AW HZ AT iE (EEBEAE)

EMEBALLEWVWESIE, ¥>1X—%E%
WYL, ESICETA-ILETS &R
HEOO—IVT ) MEFGEICE B,

2-5-3 ETE 0

T— 7Y METREY I A Z2HALRET BE12,
AT AEE— VORI EDO KRN HM S 5720, TD
KT FHICE SRV, 7V a—)vik I -
Vi, EoUN=ZETIE, HIANBI EFONBH
Wy R BB ZAL S A IRERP T T 2 DI
KELBIEMEENL 720, BT AREOARE—RH
I A DALFIABEITIED L BIEME L oA 25K
&L BB ARIL#T SRRV, KA T,
OB TH I THORADLWA T AMIE, £F
=7y MECLYEEREZO(), Ther 4
Y74 ¥ 7 (grinding YD) ITXYREITTESHI
L. 2WTEKRY v ¥ ¥ (polishing) TF DM %
M Z R 2 7 ToL Hhb,

& PUT16 AR S, RAIEAR Y P THBL
72 H 5 ABWD EICHAATEREZDL Y, oK
EENTVA, B RKREBZICF, YO Y 3 —
(M.Bicherou) A3 v b OW#A I A % Hfizg — )L T
JEHERTE L #2358 ¥ a — a7z,

19224 I A OB E TR L H 12, KE7 *

— FHBHEAH Tl — V77 MEIC X 5 ERE B
SHEPRHIE SN,
FMEHROBITAHABETRERINT, SFHHTH T A
fiZ Wi, =%y % EOWEM TF5ICH %,
ROTHPCIIEM Z G LT 7 AMOMS 2/ &
K $5, ZD%. $¥iE 7 =V MIEZ. W E
ALY 7 A THIAWIENY 2 B & o TR 2RI
BT B0 BONIET OB FETH o 72H% 1935
FITIEEECEVF VP AT LD, v—=V 7 MR
EHREEAEM LT, WES R INIT T AHK
PO o LTI EBARE L, A7 A O % 7k
<L v 4 ¥ (twin grinding process) ASPHZE &7z,
Jlafx, 19374ALDOF Y TN VHIIZE Y, KU v ¥
Y7 ETHRIFRFETE 2 HFECETREL, 5
ARV F—DH VTN L o THRPER, 72—
7L v 7 2R (Duplex process) & XiZh 2 HEjH
BE BRI T NIC D e DS o 720 ZH ST & Z2FEHAS
—ELH YW S D Z & Wi EKEIHEE & S
b b7z, BRI IR L7,

|26 wumscoRzORASR TR

(1) BHIRHERT BUT O A H

1876 (WIiR9) 4E. BUF I THEOKE DD LITH
JIRSF-BEF 2% L. H T ARERAT T A DBIEZ
M L7225, FRPFEEICX 2P T A 08I,
HMORBEDSEINIES Zdh o7z,

(2) ASF- DL

HARTRANOARENZRIT T A O EFECHT T,
1907 (BIR40) EI2IEAT T (BK) 25k s hiz, £ L
T, 1909 (Bi3R42) 4E. JBAS T Jels T8 (BB T
%) TRUVF =20 0EMBEADD &I, FRMHEH
WX BWMA T ADAEFEDPHIES N7z, 1914 (KIE3)
LT RN TH) TF 28— 2 BRI
MBS 277 A8 Hm L. 1916 (KIE5)
IR TY BIEHETY) o -2z kL
720

ZoOM., -1 v 8TiX1914 (KIE3) HEIZHE K
HRKEPHHEL, ZNEFTCHROBT I XA EELDS
~9E I L TRV F— 2 EhE L2 A D
B Z 72720, WA FAENTEE —FIC5 & 215
IR TR T I T 2RISR T 2 £ Tl o7,
= KR X > THAKE OV — &R KL
DAFHPHEECZ D, 1916 (KIE5) AT RBUEL T
Y&, 1917 (KIE6) 4y —F THE@EZL. H
MEMBLZ, S5121925 (KIE14) 412, @M

7 T 2 BLERATRRORGLAE
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Wik & OIFEME TR T (k) 2RZLL. BHAD
B DA ER QLT & %o 72,
(3) HAMA T D%

1918 (K1E7) 4. REDOYE—F—x ¥ 2455
DANIN—= VEDOWRH T ALK T DR E 172
HORAASF (k) (B HABA ) 25knsh, deh
M A 5 AT Y (RoOBFERTY) % 311920
(KIE9) EPSEEERB L. IV N—ViIdEE
WHIEPETH Y BRIKH I AR EE O T
B3I dhTuT, HATRIADOWA I A2 DR
PR PE DI T - 720 1931 (HIAI6) 4EICH4 2 HA
B2, 1936 (BIAID) 4EICI1E 0 H v T35 A3%
mEhiz,

(4) AHEH AL

JBAS T $1928 (HFAI3) 4EICdel 3% 7 v a—
NVEZHE L. 2R E TOMEED S MR B A o
HEC DIz 7z, sl&mEMTED. 73—
S v wN—=FE TN a— LBy Rz, AN
D EERBOIERER > TV oZze E5IC, HLW
LA E LTrR7 VI FEOBS (RAEMEE)
PREL [a W= 175y 7| ZREITHRESI R, 20
MRILORHE, oK. WA 7 ADMERN LITKE
CHBKL7zo WA TOWE. COMILORHEE 7V
—IVEBREOREAIC L V1932 (A7) Fil2idZh
FTERBACE > TEDAbh TR MEERDK
LWEHEEHRAA I AOBBEITHRI Lz TN —
N7 v 7 BRIGAST-ASEE B 2 A 11932 (I
M7) AFICTEEZ BE L7z

1929 (W3FI4) 4EAH 5193 14EE O iR O RFF R D

EHFEEERIMTORBERFEIRS  Vol.9 2007.March

%, REGEAER Y % &, B oL R,
WA 5 A ZME DL LB ERS N, ZThE THICE
TR T AT ZAPE L TOREM . HAKRET D
1935 (FRFI10) 4EA H19364EICHIF T, MK F T R,
VEW A T A DBIGERM %2 BA L L& Bk L7z,

1935 (HF110) fE~19374EICIE HADHR Y T A T3
K. BNEEOIFLALOMEZARTED L) TR
o720 1937 (FI12) 4, WA 7 A B atts4t, 8L
Y. 142, ZOAERDZTIAM (140139.29n1) 2
ELMR - HoEERNZA L, CORZE, HA
CAKEI A T A TENSHEL L2 E W B, L
L. 1937 (AI12) 4o H#ERETE, 1941 (KFI16)
EORPFERAFEAL L BT, WA T X 3EL %
DN R EN, BRI T ALRENT A
GRALAT 5 A, GbEA T R) 72T HZeH. Bt
HE R CORTEWEICHEL T, 7VHEL VIR
HHBZAZ Tz,

(5) WA T AXA—H—DE X

JURS T HARE oM, BB, W75 20
Bk W L 7oL B Rz, 1934 (HEAI9)
AERAIEDOREABAN T 1937 (BEAI12) AEAISE O BRI
. ZLTx=F ViF. RIEHRME . SHEEF.
T3, AT RETH L. L LndFhdHilr
oW, ek LoXkM, SRE2ESEAEL LR
Wik TEFTITRb -T2,

B, BV NIV FIZOWTIE, B3ETHBRT
B35, 1958 (WAFI33) AEIC#k v S, BIfE. HAOK
HTARX—F =1, WEF. HAREF. £~ I
W1o3ttE s Twb,



3 kL R AN DUEEY (Ao, 3010

ARETIE, WBEOAFEDO TR, BEHRR, Ak
P WV BB, B X O LWt R 08 &
WZoWT, BAGEAL OBRD bE TN, £ L
THIFIB0AEA D & DT EREE D BAL LA T A KALD
B i 6h e % 83 % 6

|37 z=omm

R OB T A B T35 3 A SR A 45 45 <0 J5Ub R
WX, OB, fEERIE RS, 1945 (I
F120) 4 O HEHRING 1233 % Mkt L C 72 T35 H AR
WMyo /LY (av—rXyl L2, 19504, 4
ML) Z3Tho7e DB LHO1ZEIE,
1945 (B3F120) 4E2H#EFER & — b LR TRk 2
MZ 2o WA T A DRG0 eI AR e
BELRAATEY, MATHRBEAD-DICE Sh:
R E RS X B LwE ) Y THIEIC K 5T &
VE)CTENRTE Mol V—FIKOATHED A
EDORETH 720 ZOEPFERTOBOATLEY
TlEad o7,

WA T A8 LY CRBIC X ARE2Z T -0k H
AWM TOMHT THZETFTH 72 (MHT T
1944 (HAFI19) AF12HICRHED B L T 2),
L7zh5- TRMM B Z AFCEIBEL HHTE
B doroe SRR RN T (BUBARS T BV T
Yoo WRIEH19444E, A T H ALK T & 606, =
AL T3 & fi, WRI£19504E, MR IC X
DIBAFIE =LK & D S L7z) o25% (7
N a—VRG| EFE) 131944 (BEAI19) ARS8 HEHE
ZATVEIEL T 20 T, BRETHEARDE Y KT
22\ T1945 (BAFI20) ‘F1IHA 2 H1EEXBIRT 5 2
ENTE, %B1946 (BHFI21) AFITIE =K
T BUBRT LM T8 . HABA T MHWH
T b M OBEIH, FRM RO T4 CTa LT
ZPEBA. 1949 (BFI24) 4EICRARZIILD LT 2HE
MHE S iR L. =28k (BUAS¥) 3TH. H
AW T2 35 DB AT A IS T o B R
LD THEZAL VL7,

WRth, KEPETIZAE & O KGR, pE RIS
D REES N, 1947 (KIRI22) 4E6 IS =28 LR Jels
¥y (BUBRS¥ BIVE ) 2. 1951 (WFI26) 4411
A HARA T WHE TS ITEsh, WA
2 DBERME TS o T2

1947 (BFN22) SEICHE S W2 KR FAH T,
MR OEEARIIIA200 L 2o THY . PR
LTWBHEEORRICKMD LW X ) A T A &
T5ZLE. WA T A LEICHE SR &G T
Holze

9 LRG0k, & 5 ICHIfEEELIZ H A
BEOHEROESVE D, THHE, CLVEED T
v axgl&RI L, WA I AFEEOHKITHEL 2
J7ze —F. B TEOREDHRE . FHHRAT T A
KEFHOBERIPE, ZOFEM & %2 E@HT T X,
JEWAT T A aE I EEfRL 7z,

WA T A DA PERIZ1951 (KFI26) 4451952 ()
M27) AEIZHF T, WATO Y —2 TH - 721937 (A
12) 4046007 3A (1EHRAIZ2mmEAD T T A
929 L, HERAEA DML 1ISEVwD &, Th
VB L7 Y,

WA T A BE2RE, AP ICEN BN O HEO
72 DIV DB A 1950 (BFFI25) FEGAH HAT ) A5,
ZNLARTC DA B EAN L FFE B X OHAN R EEIF 7851
X0 WIIMIZEREREOR KL MEM EE K- 72,

1949 (B3FI24) AFEICHER S N7z b A3 E Y OHA A&
ZBWT, SRR OP T, HRIIKEDE N D
DELTHATIADFETF LR TS (i, gk, K
JiIst . BAMEM. SOENN., R 7 'S T A
AV M) BFLWVWIKRELRT T V7 2 BIIE S A
BAO, BBWRF T A TEIEEOKEEZHEREL TV

7‘: (20) o

| 3.0 MREIEEE (FEEFH D SEAN)

3-2-1 R&EFHRE

28, AR TRz X 9 IT19ER B IR B &
AR D H ALEFEATET B LI, FA VDY —2x
VA D8I B BN DM e ERL L. &)
WG OFHIZINH L. RICI8724EITH T A DRl
Moy v 7 BxERE L.

y vy oW (R RS IS RBEHED 2 O}
A e BHETHILL T, BB ZAB L OBE O
AW H A PRTHIEICEY, BEERICHEET
% Z EDSHRBIC R o 7o

HNR KR A A DB % Vi TR AN 7 A A3
H T ABEIEDORELTD > 720 FAEFAN A LEH
AFEIFP S TELT ARV o HWARRAERHNTIZA

7 T 2 BLERATRRORGLAE
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B L REEICEROER L KEREREAKR, 900
~1300C THAREZ4TI o

T BB,

C+0:—~CO2

C+C02—~2CO

H:0 +C—Hz2+CO
THY. FADEKSIZCO 5 20~26%, Nz ; 50~60%,
ZHIZHz 5 10~13%, CHss 3~5%, COz; 3~7%Td
Bo ABLE Y720 O H A %A R133,000~3,500m3,
ZE#E131,100~1,300kcal/m3, AN OO F A
JB13500C P B2 Tw 3 (IM31. 3.2)

AR A A HOER K & LTk £E520~60mm D
TP RET, ZREDRELTHNASLTHF AL
NPT 5. REIOmmU TORROEGHED
15%LLFA3F £ L <\ KO K BEZ1,350TC Bh E2sd L,
it KEED R VT RN R BT & | CBET & Bk
HADKEHT ADEHRIZELS LD, FADOFREBEED
Hmd %

1914 (KIE3) 4B, JAST Bl LY (BlALIUNIH)
DI N—=ARMAT 7 ABEZIZEH3LTRT T Y
YRAARAEN (HE) PRESWZRE DL, ¥
7V VRIEANZLELE T, ZOEPOEMITIT
B4 < 1958 (BAI33) FEHTH —~HTidflibh
TWwiz, L L. FNOREE. BREEE. Kk o8
SEY—ICEDL, REOF R &kt LTERSE 572
DIT, Eik, R=F 7R LA EZHBINIT)
I ICHABMILIN2bONEHSNE L) 1Tk
D, vz =X (K32) BZDOHTH 5,

RN AR A, BEEEEEH HBTF R
SICHARTRAR IV VD, DERFRD DR,
A ADRBTTFHRT L ENTRETH Y. LLEHE
DRI SN DR D o 720 A F R & BER
EFPRTHIEICEY., FTABM ERD) MolRE
Z1,500C L LI EIFBZENTEL L) TR 5T,
ZH LT AR ZEIWA I ZABEOMELE LT
BRBICEMCTDIBZ Sha Tl Shz,

3-2-2 $RIRHSADRELE MM >
WWRth, HIADENT T T O/NERKEE LM
HEBAARIE. ARFREOLZDITHT I 2 OfHEAs
FHEINTVWL 50 LHB L, i S ik wESE
WK T A% &ML LT, BIMOSFHIRH % =2 b
(BUURT) WHLARE (ot h-sTHRALAED
F. BESHRERYROER CEE LMY LY —
F—  F)a—Tho7),

ST LT, WEHEHMmE LTHERAT T A (&
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ooy

B YR

i
A
p2s

AEARD

3.1 AHRAREIF (v >) XOBER

3.2 WellmanX # X E4E LR

WA 5 2) ERT 2720, AT GARGETY)
TRIW A T A BEBRAGZ > T, 7T ADOFITHEMH
AN 8T T A] BIEORA Y #F AITE)
ZRRICHET S LIC L7z, MBE, WA T 2 Bk
FRFBERAT A Z ML LTBY ., EIWREDO 20
AR HAN %2 PR T 2 LB D - 70 MREO B
SEHFIEEMOMHB D B V. BRI DN,
REMORIC, 1946 (BIFI21) 4EQH I Wiy 3% 4 < |
MORBERBRA AT DI, DD RIEOMHS %72 FEhi
N7z TERABH RS, BRI 2 MY 5
(PERTIRIM L ORI 24 LIC) THEITV. 1947
(BFF122) SE9H I Z DK AN b, ETHRE
BYOREFF A X BEEEL LIES 72512,
HIMRBECW D 2 Shiz, BIERAEER (7 —
7 b= A4 X)) OEMWN—F —D150mm IO KE /3
A 7IR#EI T (G, KignN—F—LiFEhi)



ZOHRIT PO NN X B2 CAAKHIZTHFA S
2055 & LATHRBET A S iz AR, FEANE A A
PRBEH OMEMELR & ~ 7 B TH - 7205, $BFOKEE
BAOOELAPSIHASh Tz (K24, 335MH),
HABBE L RREREND D5, BIMRBEDORFIC
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IANF—D DR MM IRILS NS IZON T, i}
7)) —=7HORHRE VEEEK Y4 L7 PRV F
DITAYT - 7uITHRLY, bos THHINS
I otz LAL. KEZDOZRVOKREVEER
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