NAL TR-285

UDC 621.892-977:
669.45'787

1

L 2% 5 1 B2 9ty B 9 BT Ak

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-285

EEEAMEA E LT o—Eibes (PbO)
BE T 5 EERIPE I

ENTHE-BN RX-RW E

1972 &£ 5 A

fLoZe 5 W OB M B 32BN

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



TR-265

TR-266

TR-267

TR-268T

TR-269T

TR-270

TR-271

TR-272

TR-273

TR-274

TR-275

TR-276

TR-277

TR-278T

TR-279

BE T

iR 57— ARGRERHE
Fluidic Turbine Inlet Gas Temperature
Sensor

MDA T 207 o MO RMEIC
B35, =D&FE

Some Consideration on the Aerodynamic
Characteristics for a Body of Rocket with
Blunt Nose

7oyt -7y YOWE
Aerodynamic Design and Test Result of
Front Fans

Aerodynamic Design and Test Results of
Front Fans

Approximation of Linear Operator Semi-
groups

P53 38 D P8 Jr R BR , .
The Experiments on the Buckling of Circu-
lar Cylindrical Shells

iﬂ%ﬁmowﬁﬁ
On the Vibration of Three-Parallel-Beams

BE A7 — € O (—H)
— 5~ ) ZLHBRET DR —
An Investigation of a Transonic Axial-Flow
Turbine ()
—A Cold Air Test of the Annular Turbine
Nozzle Cascade—

Fl A 2 — € v OIFE ()
— 1Bt 7 — &~ D% .
An Investigation of a High Speed Axial-
Flow Turbine (II)
—A Investigation of a Single Stage
Turbine—

Wl TER 7 Ry oo ‘
(VAR S e LT 2 74

27)

Investigation of Strength of Axial-Flow
Compressor Disc
(1 On the Disc with Many Pin hole)

T AR B ,

Height Control Test Equipment for VTOL
Aircraft

754 TR My PR
—x 2 Y ERAEORE—

Overall Grond Experiments on Flying Test
Bed for VTOL Aircrafts at National
Aerospace Laboratory

HISCIR 7 1 7 2 — H OFLIAIBE R o J8 0

Development of  Turbulent Boundary
Layers Along the Curred Walls of an
Annular Diffusing Passage

Development of Turbulet Boundary Layers
Along the Curred Walls of an Annular
Diffusing Possage

AL FPREC OATILHF RN OIS J135 X
U‘U"?’c’*m/l\?‘{rf-%ﬁ( 2N T
Stress and Strain Concentration Factor of
Strips With a Control Circular Hole in
Linearly Strain-Herdening Meterials

B &

19725 1 A

197241 H

1972/ 1 B

Jan. 1972

Feb, 1972

19724£ 2 A

1972422 H

197262 B

197247 2 F

1972122 A

19724 2 f

197242 1

19724 2 f

Feb. 1972

197242 1

& S —,
K%%
IKE%

iR
s #

Shoichi Fujii, Hideo
Nishiwaki, Mituo Gomi

Tadayasu Takahashi

FH &,

-

BHF
BES
e
e

|

1o

Hatm
b

BReg
TR

AN

=3
]
B IR

o E
i ﬁ%aﬁ%

=l
R

EER

RN
B

T
=

N

7
HS]
sy

o2 4t
I

oy
N
A

it

w‘

i 5 5

SRR
g

HT Mk

-,

E>H ERBEE

i

R

o
H(ToEAT S

HEERES

HE=
“hEE K
[ &

o
-

SRR s

heodore H. Oxusiiz

Shoichi Fuju
Thedore H. Oxusurt

WA I M
AR W N

This document is provided by JAXA.

10 LY
HJjég &



S - T P PP 1
E1E —RIE (PbO) EBITISIT AEE, BEEEEME - 3
Lo 0 g 3 D et 3
1.2 BRI L OB AR e 3
10201 BEBREE[B - vvverreree oo e 4
102.2 FEBRGRE --veer e 4

I = =1 - < - R P P PP P TRPPPTS 4
1.3.1 PbO ALy PR oo 4
1.3.2 PbO 2Ly FPEZT VLA oo 7
1.3.3 PDO BRI --ooooooororeere oo s s 10
1.3.4 SEORILYIOBEE e ...13
1.3.5 THIGEDBEEE oo 15

1.4 = S P 18
1.4.1 PbO DEEBEDEFEEFHE - vrvreermremrrrer 18
1.4.2 PbO DEEBELAIZTHEE - oo 21

1.5 1 EEODRERR - vvvrerersrsso ot 23
W2E ML (PDO) o —F 4 v oML a—F 4 vV EOBRE, BRESE 23
2.1 Z A E creeeetreree e e e e 23
2.2 SERREER L SEBEM e 23
2.3 BRI LD R - 23
2.3.1 PO DT — 5 4 7 BE coeereerrent 23
2.3.2 PbO BE4BEOBE, BERBEME 25
2.3.3 SiO; 35X 78 BiOs DEIIEIE o ooovveeererererman e 29
2.3.4 PbO, PbO+Si0;, PbO+B:Os 4TRSS, BERERE oo 30

2.4 2 EEDRERY - et 34
F3E Rt (PHO) OB, BRI LIETREROBE oo 35
T T b 1 - PR 35
3.2 %@%Ek%ﬁ& ....................................................................................... 35
3.3 BEBRRE LS BB oo 37
3.3.1 FREEDBEE. oo 37
3.3.2 EBEIRIIIETEBHESOBE 38
3.3.3 EEOFEE - HEBMHIZISIZIBRESOES. B PSP 46
3.3.4 BEOBREHRMICKISTEBHEEOEE 50

3.4 BEBEEDRER oo 54
S B 5 2 O U IRRRRURPIS 56

This document is provided by JAXA.



EiREEEEF E LT o~ (PbO)
(B3 2 EERAYITIET

BIHNFSH*-BFR R¥-ZH B

Study on Lead Monoxide as A Solid Lubricant for High Temperatures

By Yukio MIYAKAWA, Makoto NISHIMURA and Wataru ABE

A study of the friction, wear and endurance life of lead monoxide (PbO) was made in
room air, in controlled atmospheres and in vacuum at high temperatures up to 800°C.
Also, studies were made to determine the lead monoxide coating procedure on stainless steel.

A cylindrical rider was rubbed with a rotating disk, at sliding velocities from 0.01 m/s
to 3m/s. The rider specimen was tool steel and the disks were austenic stainless steel
and pure metals of Fe, Ni, Cu, and Al. The lubricating properties of PbO of the layer
made on the surface of a rotating disk and the PbO pellet were examined.

The following results were obtained:

1. High Temperature Friction and Wear Properties of PbO in Air

(1) The PbO pellet and PbO film gave good lubricating properties at temperatures from
300°C to 700°C. However, at low temperatures (20°C to 300°C), the lubricating proper-
ties were poor.

(2) Lead monoxide exists in two forms, litharge (a red tetragonal form) and mas-
sicot (a yellow orthorhombic modification). It is well known that massicot is more stable
at high temperatures. However, there was no relation between phase change and friction
temperature characteristics. The low friction obtained at high temperatures can probably
be related to a decrease of bulk shear strength of PbO rather than to lubrication by shear
along a crystal cleavage plane, as is the usual case with solid lubricants.

(3) At lower temperatures (350°C to 500°C) PbO had poor oxidation resistance and
was converted to red lead oxide (PbgO,). The presence of PbsO, in PbO reduced
significantly the endurance life of the film.

(4) A base metal oxide had an effect on the lubricating properties of PbO by influencing
such properties as adhesion and hardness. The oxide had generally a beneficial influence
on the endurance life of the PbO film.

2. Coating Procedure of PbO and Lubricating Properties of the Coatings

(1) Of the various coating methods, the thermo-spray method gave a satisfactory
coating of PbO.

(2) Friction, wear and endurance life of the ceramic coatings of PbO by means of
a thermo-spray process were measured. In general, the friction coefficient of ceramic
coatings of PbO was larger than that of the rubbed films of loose powder PbO, except
at high velocity. However, the endurance life of the ceramic coatings was much better
than that of the rubbed films.

(3) Addition of 5 percent boric oxide (B3O;) markedly improved the lubricating
properties of PbO coatings, serving as an oxidation inhibitor of the PbO and increased the
range of softening temperatues. Silicone dioxide (SiQ;) was apparently not as effective

as BgOs
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3. Effect of Surrounding Atmospheres on Lubricating Properties of PbO.

(1) Friction coefficients of PbO were greater at high humidity than in dry air.

(2) PbO films in vacuum at room temperature have shown a lower friction coef-
ficient and a better endurance life than that in air at the same temperature.
in air at room temperature, the friction coefficient of PbO ceramic coatings was approxi-
mately 0.7 at a sliding velocity of 0.01m/s. In vacuum under pressure from 10-% torr
down to 109 torr, low friction coefficients of 0.1 or less were obtained under the same
conditions. The endurance life of 20 ym thick ceramic coatings was at least thirty times
greater at room temperature in vacuum than at the same temperature in air.  Similar
results were obtained in Ar and N, atmospheres and in a blanketing medium (to restrict the
availability of oxygen to specimen surfaces) such as ethyl alcohol, benzene and distilled
water. These experimental results can be well explained by the formation of a thin lead
film on the frictional surface by mechano-chemical reaction at low oxygen pressure level
during repeated friction.

(3) The endurance life in air increased with increasing ambient temperature ; however,
in vacuum or inert atmospheres, the endurance life decreased significantly with increasing
temperature. Especially at 500°C, the film ruptured after only a few repeated friction.
This reduction of endurance life at high temperature in vacuum is due to the fact that
PbO dissociats at 177°C and is fully converted to Pb, whereas PbO is stable in air at tem-

For example,

peratures up to 800°C.’

(4) 1t was concluded that PbO gave good lubricating properties at temperatures from
300°C to 700°C in air and at room temperature in vacuum, inert atmospheres and in a

blanketing medium.
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BREGERR L Lo/t (PbO) icB8¥ 2 ZKpifs

1.0

VR

# K, m/s
(BHEHE/ 27 L 28®, TTHE: 200g)
1.29 PbO BABOERFK L HE

21

E, EEOME L HIZAZKBEBOYLT A, &
Biime & L2 0E AP L, 300°C Titizid—
FELTW3, ZhiKRETIX PbO #EO€ AMHE
SVHE, EBCIVHBIhIILEZRLTEY,
PO RLy MZFOTAATZ IV OEETIR b 3%
HREOEAMBEIPRELENERTI L ER/IELT
Wb, £LT 300°C B b8 AR IDIRIT—F
THZELERLTV S,

UtoR»r o BEBHEMET PO oBESEHLE
IMEIEZT R L&, BEERLLLZEOR AN
EVEBMBETLENMEO Y 2RERY, #72H
WOXOBERFRETRIEEZbR2, ZO&IR
B MoS; X s i BED 7RI T&p
BEELZ 0T EBEMZHEL TS, 8
L PO iz THERIR E I ERMHE T A NS
EWRKELPEBHOBONZ LRI AERRETH S, L
L PbO Listod CaF, 7z & o &R EFERFILE—
BEmERLTHH?, BREGEERICHELZZ L
DESTH3, ZhizFL MaS; = WS; iz Kook
S EERP GECEEREETT L O HENEE
ETRILLCHEBRIEELY. ZO™MBEOHR L H#A
Wz, FEIPOBREICOR > T—H O EBEK
AT EGEARSERNTH 20, BRTHERE
T, ZORRFEREEEEOSEOAE
FETHA 9,

1.4.2 PbO OEEELETSR

PO i3I oo/ REEVMON T 3, Fhid
HRETRERLFERE (BPPO) L HEE T LEhE

& (aPbO) TH 3, HHIIEHSET, HERIH
HREETH S, ZOmMBERE, EhC > THEHR
HEL, BWETTHE 550°CT PbO 225 aPbO (2%
L, FAVEMT 2 ZolEREEL 2EERK
T+, X 1.30 % White Szl THLMIE
- PbO i BE, £ & OBE{RT, TDOEKE
Ty A —i13IEgEI/NE L 27°CT 57cal/mol &>
bhTvd, &6k Dachille® LRI L 2E2
OEEHE, TNYEE D 2 L3BZEE Sh
%, —RICEGEEFE LTHFRAIATH S H0ORK
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WhkEz Hb,

PbO ~ L w k[E] o Rl
PRI D BEHER T B B D,

i30T, PO XLy b 60kg/mm? BLET &I
BOEBREIC SO TIREE DA ZEpD, HLb aPbO pf BPHO ICHEL T
FES % 60kg/mm? L)

R 225U T I IR 285 55

Alfimta iz T & v, K 130 hSEDH

EEALT0W2LHE2TENTHAH, BUHELETH RN T H 2 72 013,

FUF RS

ZENTY aPbO |z 7;

Pl 1E PhO oFpfRIESIZHEL {, 20 iz 3 Z LiC ksl SR BB E RS TG

FRtRIE e &icsk oz 1.26 o PbO <L o + . ZF v L 2@ PbO iy L e

M- E& L izER-— L LT Eky, 2o PbO RL .y, b
X 1.30 2R L 7=n%, PbO 72 &% 140kg/mm? TH B 6,
i H 5, LichiaT

BIMFET 0T B o &
OMZE AL L 2HEEE 300CTHELLTNA, 20 ﬁfﬁ%k:@%&@k%é

R TEE UL X1, 272 L AEO 7 ) R0

PR E S

FiE e, 300°C BLFT1: aPbO ~ Ly FEHILTY OB AT EE A S R T «PO T X 1.10
0, jj 300°C L) ¢t BPHO D PbO AT BEEL D R aPDO 0 FNT

BEER T 1% APDO (272

Ry b B 0TS B

Tdhbro X 1.31 3%
257y L MM AR L, 27 > L AWFEEIC R

IR ER DD aPbO
BN T aPbO <=L, b T MirEEon ﬁPbO DM & 4 {JA—T
BREDIKE L 300°CHh 5 RN RET T 5,

%%OL#LM1IO®IMD@m&®%§®ﬁ%ﬁ

T L

L7z PbO # X T L 6 ~7fR_T, PO o if Pl Eo&sEE)s &, PbO iz aPbO & SPBO o
ENED b D, AT 400CTEELLEE MEDEIET A 05, WE & b RO MR -—T
ERF YL ABICNT 5 PbO offFiaidn < H RisEIC X ISR b, DI bREL

FhRE T oI B L RN EE 89T % & PbO
= ® 2% aPbO DOHFIEILHE
T X 7t otz dd BPBO b aPbO 2z kLT

»s PbsOy4 iCR{LL T,

6 (‘:i%??_(:f)jlz)o

BEED RIS

% D 1% PPLO DEEERET,
300°CLL TSI BB R EDS —ET 2 DiF aPbO 0§

Al LICEBRREMETT 203 A ESnETI
AL OTHZE IR,
HEMHC R EAREE L S LIF LTV ADREREmICY

feLA PO o

+2 PbO OfFET H %, PbO FHEDTHES WA

X 1.2 o PbO L Ao B o HILR T ER T T L EBEMCAE LAV RY R 72
BT, aPbO ~ Ly b & Fl v 7z 8 300°C LURiE fEHZITAVER L, 7oz 1.3.5 T~/ )
BPbO, 300°C LJ it aPbO s # L T 5 mPM»aR:Nicu:ﬂLfimﬁwm&ﬁ¢
LB, Lo TEEMAGEE ER L L bIchE 5, Al g L Tie CEmEf» 2. 2 o PbO

DOERBIICHT 2B ICREREBEISIITL TS
DIFGEBOBILDTH 5. GEEBILGL 1 v 5O

P, ZORED» T PO BEGCEBEKETR  #E 740 PO o@Eio & E WiF TwaZ e

F DI ARERTREN S
HHZEWRLETH B L2 b
300°C LURT YD X5 I BEER I 2 /R 230 H T

7o b 7niF Ay PbO oz b RO ZAL L B &

ML, BT aPbO T

i, PbO ofifeHa %2 % L TEETH S, Al D

Ll «PbO 25 X 5T @il T @ 2oE L s BRILIR 2 TR 2 GRIC

PbO o5l e w2 e+ 5 2 &1
=T BIED & RO T PO otz

WEETH %, i
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| ,

§ e
(77 ; -

o ; 5 ; 50 55
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M 131 #E LEHIC L 2 aPbO o BPHO ~offi (XH[EHT)

This document is provided by JAXA.



EEEAsEEF L LCo—Rits (PbO) B8 2 EBIUHTE 23

LET ALY, BATELVRILEELIEBLA
HMYUTH2, PO oRHEAEHEITHERELDDE
TERLETITRON,

1.5 H1IROER

PbO B EEEBRKL LT HERLLDOD —2OThH D
B, FOEBEEIE OV TRLATLLHEETRN,
1T TIEL LT PO 0BRBEOREREL LUK
FRREST 3 ERFTOVTARN LD, FLRERE
DEDEYTH b0

(1) PbO jxZEE» & 200°C BT £ TEBEKEHGK
X CEEMELGEL, LA L 300°C~T700°C i BE i P
TRERCECERRRZRALARBEHEAL LTENL
AR R TR, T h T MoS; pEItiC LY
PRS2 5L L THERTRTH 5 2 L 2 EK
T %,

(2) PbO %3 300°C Pl b HEGCEERHERTZ
rix, PbO pMERTIERFKRGE (BPPO) »HEE
TRERZET (@PbO) KEb 2% L JBRL
W, D 3V iEAER IO THR—DBEERY
PARL, CHERWTHLEE LR L &b AMHES
BABWKIETL, 300°CHENLE—ET A2 T
Hbo

(3) PbO 2 350~500°C D@ TEILL PbO,
2/ D, PbyO4 i3 PbO 2L TEEBFEEHGARE L
B, FOZ L XD LER LB 3 WMAMMSIER
CETT 22 LHETH 3,

(4) PbO BT 3 ERMEICHE R B LK
+5Z LiIEETH 5. THERORIHOILEFIC L
y PO msEAEEL DL 2B TE, SERIL
Wit v S LTEEREREL TN 2. ZOER
B{OFEIEC L Y PO Bk b b —RICEEER
Bk 20, HOR LEERICT A MERMEIEL <
mEt 3. BE, BERORMIN»LHTIOSERILY
DEEROREIEE LB TH 2,

(5) PbO DiSHEEHIX THEBI & » THHITH
BT 3, THIITHESREORILIEN T 2 XHHHET
27T, FARTLEBILBEEERYT 2 Al TR
PbO DB HIFERIZEY.

moE —RER (PbO) @a—T4>Y
EEA—T4ITHEOEE, ER
i

2.1 EiME

& 13 PO EBHhromE TEBREITKE

WS, BEERLE & b K AMICEBEREESEIL,
200°C 724 L 300°C Ll k& 700°C iR EH#IIZ 7
S THBRCEOERBERETRT I L EZHLPIC LT
Zo L Hic PbO 13 300°C Ll Lo EmEH#EEAIE L
TEHDTENRIMEEEZ LTV EY, L2ALEER
1272 AT BTG U 7254 TR LEEBIT & » THEN
ISR BRI T B L7chi o TEGHEEFIEE
Ay seBLTh e b RERMEELADIERE, W
MICENEEOERMEGEN T T b EBREIC A
BEPERT 52 LB TE LT IVIEEOERE AL
BN Thd, COSAICHALTREIETTHE
BORLH PYO kL T 1 ¥ S OfERA&ETARY
SEA~ONE P HASE, ZORKBEROBEEER
T A SEREE L (ALT I LEHLY
2L 72,

T TR THEBORIHE A1 5L PO ©
a2—7 ¢ 7 IEIL Tix Sliney® 53T TW 305,
ABETIXERANLEF L2 —7 ¢« Y THEEBEREL, €
hiZ X » TBbhiz PO BHHEOERIC I 5 BER
ERERNOTOEBSRERI L, EHREIE
T~k 5, PbO 1 350~500°C nRERETE
{LL PbO, 2729, Z® PbsO4 iXEBEEREHAS
EAHELLEHBEORAEZELCETEE 3, L
2> TZd PPO ORBALEB < Z & bEAEN BV -
TEETHY, SEOBMFK LY PbO oML &4
X1 L 2RHAZTOHREHLNPIZ LI

2.2 RBRERLRRE

BEEEREERE 1 0 FREEABBREMV 5
PHO 12 200 A v ¥ 2 UTo#EEE (@PbO) AN
ek, roMBRBREOHE PR EBEIERLE
FHEFHBLTHB, RREELTL, HK (BEE 70
mm) {2 T X7 L2 (SUS27), BREA (HE
8mm, LRI I BEEE AN (SKHAA,
Asfe & HgC 50~60) % i,

fe i EEMERC IR L 72 PbO BEo B O BMR
WaH B, N 2.1 CRTERT X TERRA
LEAEAEMOBRERZEE L 2, BEREZS Y7
o232 —7 AV, EEAROEEE RS ¢k
mOEHZLEZBEL, PbO Ko BRI Z L 5~
T2o

EBRII TN TREHTIT o7

2.3 EBERBIUVER

2.3.1 PbO @a—5 ¢« v¥&k

Sliney® & ¥ £BFm i PO #fHL, BRFT
900~1000°C zjm# L T PbO ¥ 7&mL, ZORET
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BRENL D %, KOLHBNCH 2DEBHEFSLIVT ¢
1KQ FLYHRADFHEETH %,
B LTI ETRABBEL T v F L OB

I
1
% 3V
i T Ui oRiic PhO ZEZERIES €, TEOE S

i KTERIC I L, DnT PbO Kk & Sodic Xk

PbOJ _
i J HEg Kotk KR EIEDRAEEAT B0 B PbO
T AoV EAT=T a8 2 e IR L 7 o 72O, BEEEEOR
K & VASHEEET B 570 TOWHEIZ DV TVADNHE
ez TEREPIT R -720, £TESERCONT

X, Y Y D ) TSR BB EEME £ T OREEED
10em DL F3 ko 30em PLET 3 BiFaEgEe e
Wt 22 LI TER -T2, BEEEREE L T 15~

‘ 20em X <, ZORHARTITEREOMETIRLAL
BI=T 4 Y TEREMC R SOLCLTRIREN g g s AR RF OFPRHE £ o T

7o #EEr: PbO L FesOy Enb/s b, FesO4 iz ML, % 2.1 127> L2 (SUS27) o %
£V MEFRMEDORE U PYO €5 2o 7D RN gy watspbdmit. AHBEOES 13 5um hi
SEEBELTO S, UL ORI, WEFHT 100um <51 g CEEIIICE 5 TEILTE 5

KECBMH LI PO emME ¢ 20 —7 ¢ ¥ [ 2.3 ¥ 27 ¥ L2 (SUS27) ic LRBOHET

2.1 P B AR U T 5 [0 s

7~10 HEGFEREL THLESF 2 5HY L TEET

FRESRABACH L T2z & PRO AHAT— 20,um pmsic PhO BMBETRRLE O TH b
BERERZZLFTTDLV. T0RD, 7o ¥a ot x 25k~ T 5 10 BMERTER O T
DL > MEAECR TR E b L BEACICC o g5, ok s b o AR B L o ek X
DHEEBEMNS 52 LIZNETH 3,

PLED i 5 RIS E LR L 7 R rs

Hizer s PbO oa—5 4 v 7 e atA 1z, HEH I # 2.1 27 /J/ Zﬁ&jﬂ(\SlUS ?7) Tl S i
METCO 2P gun #ffl\, BBAEB IO 7 v F L v 2 PoO & o Rl
DEBERIZ LY PO Wik &k EmL, &BEEICEE Hevss g AR 850~900°C
BELL. K 2.2 13 7 ongEE e ridEio F e 15 59 o [ R A 22rpm

v w ZICHY D HR, EEFRCE AR 20mpm T v R Al 20cm
HiE S5, Y T4 FAICEE S, ®EE O #AJE 1.5 kg/em’
Vil v L O S VEEBBT A LICE DA Gl 72 E 0.7 kg/cm?

B 2.2 PbO ygfskis
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e L To—FLsn

(PbO) iz B+ % EHEHIRIZE 25

K 2.3 25 Ly 2gH (SUS27) o PbO ¥ &k

HEEND B, X 2.4 X 2AHBY
—F 4 YT LERTH %,

2.3.2 PbO FEEDEER, Eﬁ%ﬁ

(1) BEOKE  PbO BEHIEONEE * DEEHE
%&%J@M@%@Ktkk%ﬁ%@é%iuﬁpk
Wz i,  PbO B R & ka3 5 00
CESEAEE 2B S L TR LEY D %,

X 2.5 13EE 6 pm, 112 pm
PbO 4D IR 31T 5 #0E UBEERET & 5,
R U BB O B 2 BERKIEE 6pum T
0.3, Th - & bM<, HE 1dpm TiE 0.43 (T80
L, BEGZHALLE 114pm TN T EERE
BED LRV, FHEI/NSD L EZERITIGL TES
R L 72 270, R 6pm TIEE 1 ETiR~/
X 9 THIE R OB DI D Is  BEERHMK
WEEZzbA, EE 14dpm L ETEEREHD—E
LT3 Z e, Zh ETR TSRO (LY

Iz O RfFaIC

14 ypm, 44 pm,

%y 24 PbO #¥E4f L 2o fR$F 8

a2 L BRL TS, EE 6pm TR EE
(REUT/N SO DR U BEHE & & L IC B R BRI R I
#hnL, BUE ldpum DL EoMEICES<, Zhit PbO
EEHED FEMGEFEL PO L &BAmOBILYDE
WREICELZZLERTLOT, Z0d & EERNT
BT AUEOI 24 L T b, BEE 14pm L
ETED Y OB UBEHEICH T » TRE—ED
@%%ﬁﬁ%ﬁén,ﬁﬁﬁmﬁw%wmwama
ZERRL TV 2, ROMBMNL < TITBEHERICE
AL, DWVICHERT 2 H3 u@ﬁm@t&%if@
FRaR U BERE AN L TV B,

K 2.6 (3720 £ 400CIeBiT 2HERT H 5, &
B U BB O YN 31T 2 BEEARET 200 L1735 L
%&@ﬁmﬁ$6mnmo33k%ok%i§<,%
J§ 14pm DL E Tk 0.23 fIBTHEER »2h 671
ER—TH %o BE 6pm TIXESHEFRSENZ &2
HI~7 4 YIIROTHEROBILYDOEGIED N

1.0

BB RO

20°C

F T

UM 0]

(#7@: 2kg, #HE: 2m/s)

X 2.5 PbO

W O R & 8K U B R
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BOR LR R
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=
b
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£ o]
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[
1.05 50 100

B 1, pm

(&E: 2kg, HE: 2Zm/s)
2.8 PbO BHBEOBRE L#BRAFOER

B, 400°CTEEUBEELZT L EXBEEN /M SV F23LALTH %,

o THEBOBILYOIROFENAE bbb X 2.7 3 2.5, 2.6 ¥ Lok PO Z4
b EZ bR D, BESKIWVEYESEET 3  EoORELESERT (BT 2 TORE LERDE
T TOHRRLUEEOESHAL T A2 LRERIRS LOBBRTH Bo 20°CTHIL S MEE TOEEEBIIE
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HEEGERAE L To—RLsn (PbO) 12B83 2 ZMiEf% 27

BiiF B L THmL T 3, 400°C T [A—{iH
ThHiHHM, BENNIWEZE 20CRBFILDE
S TOBEBRKIEY L TH Y, EED 112m
Wirs e 20°CIEHT AL D bEmML T 3,

B 2.8 BN CEEELLLE X 0BRER (&
% AR MR OEFRBEHELEEL OBRTH 3,
20°CCIIEE DS IMT 212 Licdd » TEESREEERI M
YL, BEK 20mm (bbb —ET %, Zhiext
L 400°CTREEESHNT % 3 ¢ BEREEREM
L, BEE# 30um { b0 b—FL T3, ZDX
Hic 20°C & 400°C THEDELFLdbobbis I L
RERRA, THEBEOBILOEEBLEZ LN,

PEOKER»S, EERBOA»LREE 6pm T
BTHEBORILOEEEZIRLT L, RELER
REF#FT DI EIPLH 4pm P EOKE
DYETH 5, BEHVERT (ET 5 EToBREOAKIT
BEEEERAL THEMLTEY, BUEEHF
Thbo It LENIERICE N L TRBELEDHRED
BETLENREECY T2 DERENL—DDOHR
WD, —HEFHOBERIIESRTIEESEML
T S T M ToBE UERLIE» ST 5
bbb TBO LS T—ET S, F1ETR
~NfekHie PbO 2EALEB S D X 200~300°CLL L
Thord 00CEETHEREERLTNETHS
5, 400°CTRERH 30um { bk b—ET %, B
tosEELET 3 L 20~30pm OBEMSEHEEE
ThrEBbh3, LMo TUTOERTE PO
BHBEOBER 20pm —FR LTI R o7

2) BEOBEERME 2.9 i PbO FHEOH
B 0.0lm/s, 3m/s iZ 317 2BEBEKLER LM
BTt SEECIT 2 BEEEBIR S 28E
UEE L PHREBICE L L EDEE L 51z BEBH

kgD »E 1B PO BHBFEIZOVTORKR
bRl HE 0.01m/s OERICEIT 2 BEERT
0.73 T ZhizRl—%#ic 3513 3 PbO 27HED 0.4
~0.5 [z B L THERICKE L, 72 PbO BRAEKET
2 300°C b EVCEEFERERL TS, PO &
ST 600°CETRE LRI L AEEETIHLT
T, 700CIFBNTH LD TEERBPBEITETL
PbO BTEIC 1) 5 BEEHREIGE S, L LEEY
3m/s 278 % LEREBIRIOTLEBERIIEL (K&
FL, BHELEUOBEEBRMEEZFRT LIRS,

X 2.10 ¢ PbO O FE B 1T 2 BEERE L
HELOBRTH %, HKREIZISWV CIIERRRTHE
Blzr-oTRELENRL, FED 0.0lm/s 5 0.1
m/s T 5 & BEREFISBICETL, 1m/s DL
ETCREBHETT 28R LTS, 700CT
OEER X 3 BERBOELEED L BERRITEE
R LTRE—ET AL 512, T hicydl PbO
BREETREIEON 1.29 0T, 20°C, 100°C
BT PO BB L ARICEREDEBIIRE L
B3, 200°CH&EEIC L 2 BEBEROEEEDL,
300°CTHER I L TBRERRE—EL VD, 20O
X 9iz PbO B TREEREICHT 2 HEEOER
BRENENS ZEPRHYT, EBEELE DI
PbO RAEEIC BT ALY bEO EERLELET 3,
COFERELTRTHEROBILICLIHBLER
bhi,

(3) Eo#Zdr N 2.11 3 PbO S5 L R
DEEERCIT AESERIT L L EOKRE
RUBENNT » 2, PbO BHREBOFMILBHIRIC
HELTEL{EAL TV %, ZHITBHBETIE TiHE
SEBROBILYOHERICL Y, TAETER PO &%
LTV LHBBELBEVSERINZZLERLT
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[ vboizs g

e~

&

=

& 10

g

IS

i:é

10°

300 400

500 600 700

am I, °C

(75E: 2kg - HE: 2m/s)
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W3, PbO BfEoFEG ik L EoFREL iz 600°C
RN TH- & bAX L, 300°C, 400°CHER T
2 5 TEFTLTW S, 300°C, 400°Cizisit 3 HBDE
Tk PbO o PbyOy ~ORE{LE X CEOREMESE
TL, BESFINOEILIY P LOFMEHEEEVITAD
N aTeledFEL b3, TORIKDWTH
KETHLRNBZ LIZT 5,

PLEDORERY S PbO BB R MBI HEL TE
HETEBRERAIVVHIBEEE YR T
BT 3 BOBEBREYEOh, »OEOR
BREMESZELIRLTE YV FHERATETHZ, £
7z Sliney® & MfTh - BRFMEAK & 2R L K
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RHEBLTHEBLER~ADT —F 4 Y IVEETH
Y, POBEREHEMICI YV ABIHATTEARYE
TERTWR L2 X,

2.3.3 SiO:; & U B;Os OFEMBE

PbO 75 BT L TEEEI S 1) 28
BEBGIAKZI VD, BOMBEFRMERREL {ERT 2,
LA L 300°C, 400°Ciz3stF 5 B 500°CLLE
HBLTEN. Z hRE1EThR~LL HIC PBO
PR L T PbsOy it 27edE B2 bh3d, b
ZORETRENTEICERT 20N RMMx < &
FELTHY, ThidFEomeHEy I s tick
Ab0DLE2 bh 5, Sliney? &1k PO oR{LEDS
LU DB REMNE2 52 3oz SiOs 2mT 3
TLEHRA VD, X 2.12 13 PbO-SIO; FooiRAE
- RTHBY, SO, xEBEHT 6.7% LITHRMLIE

Liquid

X3 4PbO-SiO; +PbO 0B, 4PbO-SIO;
O PO #E R 32 B TEX 3, IO
4PbO-Si0; iz £ b PbO 4T Lo L TRIL %
Bilb3 32 L TE 3, iz PO oBiix 885°C
Th 5%, 4PbO-SiO;4PbO BLX 715°CT » 3
2o, FOFEARAEERETT s WEEEICRT 3
BEoXNBM LN UBOFGOEENTE 3,

Sliney® &3 PbO iz SiO #EMT 22 LiIC L »
THOWKRZBLLEBELTVAY, BRATLIR
AHERTIE SiO; ORMSRIRO OB P o, Z
DIHARERT ik SiOy LIsMT B0y oiEmazEA
720 PbO-BsOs ROREM B 2.13 Wind X 5 K€
PbO-SiO; ZE ML CEMLTHY, BOs 2®H
BHT T TEMT 5 & 4PbO-B;O;+PbO 1348
i, SiOy 12T 2 LRIKEBBRYG H 2, IHK

1o
wl W
ag
2Pb0-Si0, Pb0O—-Si0.
+
PbO~-Si0, quartz. p~t
1 1 1 ! 1 1
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au1+med\ ;
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