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Enhanced Heat Transfer Tubes for Absorber
of Absorption Chiller/Heater

Naoe Sasaki, Tadashi Nosetani,
Masahiro Furukawa and Toshiyuki Kaneko

For the purpose of development of high performance absorption chiller/heater utilizing lithium

bromide aqueous solution as working fluid, it is the most effective to improve the performance

of absorber with the largest heat transfer area of the four heat exchangers.

This paper introduces two kinds of double fluted tubes for the absorber of absorption chiller/

heater. Arm tube and Floral tube have about 409 higher heat transfer performance than the plain

tube conventionally used in absorber. The former is manufactured by double drawbench process,

while the latter by single dwawbench process. Therefore, Floral tube is expected to realize both

high heat transfer performance and low cost.
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Table1l Specification of test tubes.

Tube Appearance Dimension
Plain D, = 19.05
tube D; =118
™ m = 316
Dy =19.05
Arm D; = 16.9
tub Nd = 20
uoe N, =10
N P =30
m = 441
. = 19.05
Floral
Di = 17.9
tube Ny =15
=
F
( ) m = 334

D, : Outside diameter (mm), D; : Inside diameter (mm),
Ny : Number of grooves, N, : Number of spiral grooves,
P. : Pitch of spiral grooves (mm),

my : Mass of tube per unit length (g/m)
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Table 2 Experimental conditions.

Evaporation pressure of refrigerant 900,07
(kPa)
Inlet concentration
5840.5
(mmass%)
I
LiBr solution nlet temperature 401
€9
Mass flow rate 0.013~0.042
(kg/s)
Inlet temperature
28+0.3
)
Cooling water
Flow velocity 1
(m/s)
n-octyl alcohol content 0 950
(ppm)
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Fig. 1 Schematic diagram of experimental apparatus.
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Fig. 2 Heat load of the tubes.
O : Without n-octyl alcohol
@ : With n-octyl alcohol



Vol.35 No.l,No.2

BREBRETHD, HoEBERMISM THE2DT
K TERL 1,
I'=G/(05-2)=G an

SEEE DS, AEEHRIZRINT 2 2 LI X DK
BED 2~ 3Ficm b Ui, REEERIZRNL 284,
7 - L ERCIEREORBBAEIFEE CH L, FBE
W L T30% 5 m) L L f,

3.2 HBOERUENBRESR

HBBER CENBGEERSE Fig. 3 oY, FBE
OBE, REEEFERINT 5T &k BuERRR Y
EABEEEY 2 ERRE I LU . REEEERE N
Liciga, 7 — o2 BERUTHNE OBuBERR K CEA SR
ERZEBETH D, FEB IR CE@BRETI0%
M, B/ BEERTIONEER L L 7,

3.3 MEEEE

Y8 mERE Fig. 4 KRt , EREOES, RAEE
HFIZRMNT 5 2 & K O YHEERN 3~ b5 fFic b
L, RETEMERIZRINLIOES, 77— 2EROTEHEE
DOYVEER G ERE L T0%BEER L L
PlboRLy, 7— 28 LEWE R BERIEDORIN
f=BMERERE L, FRE I B U T30~40%TR% O 4k
FLEERT I EBDP T, 7T— 2B LTEWREEZLEKT
B, 21 THRAREE AT — 2BOESOMTT
BTRETHMT, BUESYO0HEES 7 -2 BIINL
TI3EAS BT AIEMREN IR b7 4 —2 Vv A
BN BN BERCBEEEE LTEETH B C & hHER
TEI,

3.0 T T T T

25F 7

20

1.5

1.0F U ‘

Overall heat transfer coefficient U
Heat transfer coefficient o, (kW/(m?2-K))
c
\ A
\
\
\
\
\
\\ \\
R
° Y Vo
I 3=
H

I | 1 L
0 0.01 0.02 0.03 0.04 0.05
Absorbent-film flow rate

per unit length 7 (kg/(m-s))

Fig. 3 Heat transfer performance of the tubes.
O : Without n-octyl alcohol
@ . With n-octyl alcohol

39

B TRk B O BN 28 Bl (= BVE e 39
1.0 T T T T
=
£ o8f A
@ (F)
E 0.6+ -
o
5 (P}
3
& 04r -
2
e
E 0.2
= / ®
0 ] I 1 L
0 0.01 0.02 0.03 0.04 0.05

Absorbent-film flow rate
per unit length 1 (kg/(m-s))

Fig. 4 Mass transfer coefficient of the tubes.
O : Without n-octyl alcohol
@® : With n-octyl alcohol
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Table 3 Specification of test tube.

Appearance Dimension

D, = 19.05
D; =115
Ny =6

m = 326

D, : Outside diameter (mm), D; : Inside diameter (mm),
Ny : Number of grooves,
my : Mass of tube per unit length (g/m)
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(a) Random pattern (Floral tubes with 15 grooves)
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Fig. 6 Patterns of combination of groove direction.
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Fig. 7 Heat transfer coefficient of the tubes.
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Fig. 8 Illustration of falling liquid film.
(r=0.013kg/(m-s))
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The Effects of the Chemical Composition of
Al-S1 Filler Metal and Brazing Conditions
on Brazeability of the Brazing Sheet

Koichi Maeda, Yasunaga Itoh and Keizo Namba

Recently, the brazing sheet thickness is gauged down for weight reduction, performance im-
provement and miniaturization of the heat exchanger. Therefore, from the strength and corrosion
resistance viewpoints, the dissclution of the base metal into the molten filler metal must be pre-
vented. A study of the effects of Si content in the filler metal and brazing conditions on both fil-
let formation and dissolution in terms of flow and dissolution factors was conducted. In the ex-
periment, brazing sheets composed of a 3003 alloy core cladded with filler metal whose Si content

varied from 4.6% to 13.9% were used.
The following results were obtained :

(1) The flow factor increased with both Si content of the filler metal and heating temerature
but was unaffected by neither the holding time nor the filler thickness;

{2) The dissolution factor increased linearly with the Si content of the filler metal and increased
exponentially with the heating temperature but was unaffected by neither the holding time nor

the filler thichness ;

(8) Consequently, in order to increase the fillet size and reduce dissolution, the following points

are recommended :

(1) Keep the Si content of the filler metal near the eutectic points ;

(ii) Keep the brazing temperature as low as possible.
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Table1l Chemical composition of specimen. (mass%)

Specimen Si Fe Cu Mn Mg Bi Al
A 46 04 001 005 0.09 0.013 R
B 68 04 001 005 010 0012 R
Filler
metal © 92 04 001 005 009 0013 R
D 1.8 04 001 005 009 0013 R
E 139 04 001 005 010 0013 R
Core alloy 025 06 015 121 0.00 - R

60mm

25mm

3003 alloy ——

Brazing sheet

30mm

Fig. 1 Dimensions of test-specimen of“T "type
of joint and the components.
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Fig. 2 Experimental conditions on phase diagram
of Al-Si system.

Adl AdZ

Flow factor K,=(An+Awn). Ay
A, : Cross-sectional area
of filler metal
before brazing

Dissolution factor Ky=ZA,/(A;+As)

Fig. 3 Definition of flow factor,K; and dissolution
factor, Ka.
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Fig. 4 Effect of Si contents in filler metals on fillet formation and dissolution.
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DB

11.8%Si

(Heating temperature : 601°C, Holding time : 300s, Thickness of filler

metal : 0.12mm)

Fig. 5 Effect of heating temperatures on fillet formation and dissolution.
(Si content in filler metals : 9.2%,Holding time : 300s, Thickness
of filler metal : 0.12mm)
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Fig. 6 Effect of Si content in filler metal on K;.
(Holding time : 300s, Thickness of filler metal : 0.12mm)
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Fig. 12 Effect of holding time on K. (Thickness of filler metal : 0.12mm)

61



62 T R E &2 B B ®

HLH0VIEA S ORETRTD Al OIEEL D W N A3
REICEZ E TR, K0 ORMZET 5, & AR
A5 OrEEiEaE (Al—-SiERERE, 57700) » SRR
[ (583°C) F ToOMREVZY I, BEREICEL
f@b%&ﬁmLﬁLt%@&ﬁMénéo —75, 817
CoOEEE, 55 OEMEOFARETT, BRcElkasn
74 vy b ERMEOHTORASPIROETL, R
HEEECE L BB TREBEEHRECE-TWE LD
EEZ LN,

PlLEORMRBRo 4 ETEET S,

4) AOMBOELE

ASHMEIC X BRBBRERCERFER~NOZBIR L
AL T, FO—FIELT, HBIMPOSIEBLEE
AR OBIEE Fig. 13 1K/RY, Fig. 1305, AHIME
EHERN > THEREHIZEERLTH B ENND 5,
1L, BREMHIRL TS, RARKOPVLVTEHZOE
EhOT7 4Ly PHEREVWEE, TROLEEIMESH
BEWEEEL N30 TEENISLETH B,

2.0 I
0632°C| —0.12mm
0617°¢|~==0.06mm
X 15 =160 1°C|Amount of
§ m583°C filler metal o /
8
- 1.0
2
? A P il -
0.5 )
8 R
== __———-—tr"""ﬂ'—M
0 ﬂwﬂw
3 5 10 15
Si Content (mass%)
Fig. 13 Effect of amount of filler metal on K.
PED~AIBEOREREN S, A5 Mo Si BR UHE

mﬁi%%%ﬁ&@&ﬁ@& TRESEEAREL, B
BEBROSSHMES it Wi, REREH I3 SE
ERIFEBVWIEBIPASHENL - 12,

4. &

4.1 REEZ
Fig. ARUFig. 507 4 L v MFHICEBWT, BEL
ERMOREBVFNHBFOLBBREL >TW0 B, F
fo, BT ORIFICA 5 RE LB S it b,
INSDTEDL, HETHRNTELEHEIRNAS LS
RO Si DRy - BB TR, BRIA KL S
B OBBEISCEREhTVWE EEZ bNE, 1,
FUGERABEONTH B 05, REBRICB T 2 AR
FRERIGEE T, HEETHETT L b0 EEX
1; h 53)~6)o

BB 0TH,

=

KD & 5 S RIGHERHG N

62

June 1994
«Cb\éa)ﬂ‘t)o
d A
d:’ = K+~ + (s n) (1)

K : IBRRUGEERE (em/s)

A RIGHER (cm®)

VWA DERE (em®)

ns : WA OFE OFIER (mol/cm®)

n: SUSIERS ¢ 2 OB EEE (mol/cm®)

¢ BUSER ()
RERTOBRBEIGIILEEETEIT L EEL SN
50T, BIBFIMR K 3IRD & 510k 5,

D

K= > (2)

D : R ORE OILEUREL (em?/s)

S B EE (cm)

Fi, BRI T L= RBIOBIKE LTIRD & 5
iCEbHE 5,

—Q
D= Dy exp< RT > 3 .
Do : BB DO REIFCE (cm?/s)
Q: TEHA b A V¥~ (J/moD)
T:EE X

R &&EH (I (mol « K))

INSORD S, FEIFEE SRR o U THREBERN
HEINT AT Engh b, fE-T, 74y FPOKES,
T b BRI OERE & RIBRER, 0 ERB RO
(ns — n) OEMBBLLEB TN, BEPET LT, ¥
BRAEICE 5 F TORMIEBRENSSVERER VLWL 5,
Fig. 12 1R L - RERE O BEREB~OEER, O
SR A== «9}%%’(% £

EAREEUS (D ,ns=n&l-ofETATET
5, TZTnsld Al Si ZoniREEN F Tt o ik B o
BARBE TH D, REREIC L > T—BCRES N
%o —HDnITDWTI, IO S OFHARED
EENFig.TX0HAENS, LoD S, BREK
RREE SIBEOMEE L TRbT T ENTRETH S
EEZ LN, ROEWRREEI

Ka=6.85 X107 C X exp (0.052 1) (4)
T, Ka: BREH

C: A5¥Mtho Si B (mass%)
T: REEE (O
B L, ARoBEHEEEHIE, 4.6%< C<13.9%, 583°C

<T<632CTH 5,
CITHTFDOT7 4 Ly MEEE, REIREKOERD S
KATHZ LN B,
As=Kq A; (5)

FRANERE (RER) B, RERBOERD 5K
ATcEx 6N 5,

Af=KfAb (6)
h5RAGIE)EAVWNE, BRI L > TRAREH



Vo0l.35 No.l,No.2

TV—=Y vy =t OAMfFHICRIET Al-Si 5 I MO RU S 5t d & O 63

ETHEBARETH %,

4.2 WERELEIBEFELEOBE

BWRDOT 4 v &F 2 — 7T OEAGHFICAE SN 2 BAK
F (XE7 v7#E 2R 5[0 T 5D,
ROBPERETHA D,

(1) HEREDHDICREL, BERKEZIDT 1Ly
FELNEI &,

(2) Zzolk7w, BRFEHESHHTNEL, BBILXS
FREEBELCVWEIIIRT B E,
THhoERET L, RBRRKwKREL, B&K
KBNS RBEIBAIMNIEHEERTRVE
WA B,

COBAEN S, BEEKE X, REREE Y M
WKE->TEELLDDE Fig. 14 1IZ/R7, Fig. 4ok

1.2

° 617°C
1.0 | 7 - _632°C
. I ¢ J 4
® A/)
] ——
o2 Q
s [
S A ® 1399si
s © 118%8 [
@ A 929si
, A 66.89Si
A A& 46%Si
0 Il’x L ! L3 1 ! [ ! ! 1 b do} 1
0 0.5 1.0 15 2.0

Dissolution factor, Ky

Fig. 14 Relationship between K; and Ku.

(Holding time : 300s, Thickness of filler metal : 0.12mm)
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Fig. 15 Distribution of K and Ky values on phase diagram of Al-Si system.
(Holding time : 300s, Thickness of filler metal : 0.12mm)
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Investigation on Corrosion Preventive Distance
of Sacrificial Anodic Fin in Aluminium
Heat Exchanger

Kenji Kato and Shigenori Yamauchi

The corrosion preventive distance under thin solution film for the combination of anodic fin

and tube stock, that is utilized for aluminium alloy heat exchanger, were examined by mathemati-
cal analysis and corrosion potential measurements.

Under acid salt spray condition, the corrosion preventive distance was influenced by potential
difference between fin and tube, electro conductivity of solution, thickness of solution film and
cathodic polarization resistance of tube. By the mathematical analysis, the effect of these para-
meters were explaned with the equation as follows ;

E = Ey+cosh {(po tR)*(L—2)}cosh {(o /tR)“?L}

where, E : Polarization of a sheet, p : Electro conductivity, ¢ : Thickness of solution film, R :
Cathodic polarization resistance, L : Length of a sheet, z : Distance from fin, Eo : Potential dif-
ference between isolated anodic fin and tube.

The potential distribution estimated with the equation here above has agreed to the results for
initial continuous spray conditions well. But the cathodic protection area under alternative im-
mersion conditions were not clear and could not explained by the equation. Corrosion preventive
distance under long continuous spray testing of thin solution was shorter than simulated result.
Such limitation was considered that electro potential became lessnoble continuously because of

the accumulation of Cl™ in the pits.
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Tablel Chemical compositions of specimens. (mass%)

Sheet A Al-1.2Mn—0.15Cu
Brazing sheet core
Sheet B Al—1.2Mn—0.50Cu
Fin C Al—1.2Mn
Fin stock Fin D Al—1.2Mn—1.5Zn
Fin E Al—1.2Mn—2.5Zn

Brazing sheet
(One side clad)

Thickness : 0.7mm
Solder ; 4045, 30pm

{Thickness 2 0.1mm
Fin pich ; 2.5mm

Fig. 1 Specimen configuration.

Table2 Corrosion testing conditions.

Solution

Acid salt spray © 5%NaCl, pH3, 35C

Acid salt spray @ 0.5%NaCl, pH3, 35C

Alternative Immersion ™

5%NaCl, pH3, 35°C

* Immersion 30min == Dry(50°C)30min
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Fig. 2 Corrosion distribution by acid spray testingl. Fig. 3 Corrosion distribution by acid spray testing2.
[59NaCl solution after 4weeks] [0.52;NaCl soution after 4weeks]
A EInfERINDT 4 v (74 v C) ZHMAGDE . X
b DERE/NE P o, BHREHAASHMAEBOHEL < 0.6 [NA-CE
TEMICE B ARDTEET BB E COMMET 5 &, E o Bar & [etsoutonso )
BHREEEEE, 7« vMICERINL o Zn RESE VT 1 v 5 F 7
. . o .
(74 vE) 2HOEKABELS B>k, Ef, 7L~V 8 -
Y7y = P EMCEMLE Cu DS, BVh (v - s L
b B) DBRBEEEEL ot TNEDT LD BHR g TN
FEtic 7 4+ v & v — b EOBAIENSFEES L T & HER] © s oo C° o o
_ ; e
T&f, £, HROEF MY v ARBEE, 0.5%& 0 5 10 15 20 25 110
DHSKDOFBHEEHIEL B -TE, KOEER Among fin  Distance from fin (mm) Isolated
OB GLGERTH o 7co 74 YOO TDICEENIABT S sheet A
. . N = . Fi
DEEESE, TLr—Yrry— BEORKERES G ﬁ%os%e{;%ughg(( %2’5"))
. ) o 0.159%Cu)-D(1.5%Zn
ERIEREENL - T, . 3 A(0.15%Cu)—E(2.5%Zn)
<Nl ,///////// o 0 o
BERHRBERRCBY 27+ v OONE LEARE Solution crop
XOMGRE Fig. 4R L, COBAE, 7455 (a) SheetA (0.15%Cu)
BN BRI EPPILBREEIPKREL B IEBBRD LN 0.7 T
B, BRI FER R AT B T L <, DA g 06 B—ci; Sheet Fin
A IE T X 75 4 - o B5IC, PERE ) 3 — £ MB-DC A B(0.50%Cu)—C( 0%Zn)
3 EH?& (ﬂlif%fm -7 %6 ] {& Cu %f‘g*/ ‘a‘; - 0.5 Det! o B(O‘SO%zCu)—D(I.S%Zn)
ADEBE VIMTHLVWERSA ON, REBKXEREH 2 04 L o B(0.50%Cu)—E(2.5%n)
- - Ry . R L} =
REBROSa, RRATRTEEOBRRIEET2LIAT © 03 ;
RIS OB U 5 & & bICRISEE 18570, 2 o2 £ S
- e : L 0
BLOBAGEITTSbosAsoNl, BB, v— 1 H 3 ol O@?/D ?A o 8 7
OB, ECuBED Y — b ATB L WERSE L oS 2
TVBORMLT, HCuBEDY — F BICE L VI ? 50 10 f15f2°( 2)5 Illiod
. chs e g N . e ip = Among fin istance from fin (mm solate
BEELTWEDsf, TNERDVTRROLIIKEL () SheetB (0.50%Cu) sheet B

BNbd, L=V v iy— o Culd, 553

e A S MRINEER U BEAR AR T 5, O Fig. 4 Corrosion distribution by altanative immersion
testing. [5%NaCl solution after 4weeks]

67



68 F R E 2 B B B June 1994
After 24h testing After Aweeks testing
—650 —650
S —700 & —700
1) 7]
2 2
-750 -~ —750
z| E £
21 _ —800 Sheet—Fin = —800 Sheet—Fin
M ] oA - C = °A - C
g -850 s A - D g 850 aA - D
o oA — E o oA — E
—900 Il 1 1 —900 1 ! |
0 10 20 30 40 0 10 20 30 40
Distance from fin edge (mm) Distance from fin edge (mm)
—650 —650
g [y
Q —700 g =700
2 2
> —750 > —750
o| E Sheet—Fin £ Sheet—Fin
§ & —800 °B — C & —800£ °B - C
- AB — D 5 AB - D
B —850 s —850
o oB — E o DB — E
—900 L 1 L —900 L L
0 10 20 30 40 0 10 20 30 40
Distance from fin edge (mm) Distance from fin edge (mm)

Fig. 5 Corrrosion potential distribution in acid salt spray

[5%NaCl,pH3].
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Fig. 6 Corrrosion potential distribution in acid salt spray
[0.5%NaCl, pH3].
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: Electro conductivity of solution
: Cathodic polarization resistance of sheet
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: Thick of solution film

: Width of sheet

Fig. 7 Model for simulation.
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Table3 Cathodic polarization resistance of
brazing sheet core. (Q+cm?®

5%NaCl, pH3 0.5%NaCl, pH3

Sheet A Sheet B Sheet A Sheet B
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Table4 Electro conductivity of solution.

E.C. (Q-cm)
5%NaCl, pH3 13.3
0.5%NaCl, pH3 52.4
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Fig. 8 Calucurated corrosion potential distribution in
5%NaCl spray testing (Sheet B, After 24h) for
various solution film thickness.
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[Sheet B, after 24h, Solution film thichness 0.1mm]
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Table5 Corrosion protection distance of sheet B. (mm)
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Solution Fin . . COrrosion
simulation
test result
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Effects of Planes on the Pit Formation
Phenomena during the Initial Stage of
DC Etching for High Purity Aluminium

Kiyoshi Fukuoka and Nobuo Ohsawa

The pits nucleation phenomena, such as number of pits, size distribution or growing direction,
depend on the grain of high purity aluminium foil during the initial stage of DC etching in hydro-
chloric acid.

In this study, effects of planes, (100), (110) and (111), on the anodic polarization and the pits
nucleation phenomena were investigated using high purity aluminium. The pitting potential were
measured in 1.5~7.6mol/1 HCl solution at 343K. Galvanostatic etching and potentiostatic etching
were applied for ingiring the pits nucleation phenomena. Structures of pits were observed by resin
replicas and scanning electron microscope.

Pitting potential in hydrochloric acid depended on planes, the most noble plane was (100), the
next was (110) and the most less noble was (111) and this order is in opposite correlation with
the atomic density in an aluminium lattice. ‘

The transitional phenomenon was observed at the electrode potential in the galvanostatic etch-
ing for all planes, and the length of the high potential period at the initial stage of etching
depended on the planes. The longest high potential period was observed at (100), next at (1105
and the shortest one at (111). The defference in the number of initial pits and in the size dependéd
on the length of the high potential period, and (100) had the smallest number of pits and the
biggest size.
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Fig. 1 Effect of planes on the pit growing direction
during DC etching.
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Fig. 6 Scanning electron micrographs of resin replicas of pits formed
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110 5.5 0.8 0.71~0.85
aim 3.4 0.7 0.57~0.86
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Cooling Properties of Various Cooling Methods
for Aluminium Semicontinuous Casting

Masanori Tsunekawa, Nobuyuki Muto,
Norifumi Hayashi and Teruo Uno

The heat transfer coefficients of an aluminium block using various cooling methods were evalu-

ated. Aluminium blocks with thermocouples were continuously cooled using laminar, spray or

mist cooling methods. Temperatures close to the block surface were measured during the cooling

process and the heat transfer coefficients were calculated. Experimental results were summarized

as follows:

(1) The laminar cooling method could obtain a high heat transfer coefficient as compared with

the other two cooling processes, but the range of cooling condition was very limited.

(2) The spray cooling method had a wide cooling condition range and a high heat transfer coef-

ficient. Using this method controlled cooling at each ingot position and high speed casting were

expected.

(3) The mist cooling method had a low heat transfer coefficient compared with laminar and

spray cooling at the same water flux density. So this method could be easily applicable for initial

reduced cooling to restrain butt curl, butt bowing and cracks.

(4) These cooling properties for aluminium were similar to the results reported for steel.
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Fig. 1 Experimental apparatus.
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Fig. 3 Thermocouple position at cooling tests.
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Fig. 4 Water flux distribution at nozzle cooling.
Table1l Experimental conditions.
Cooling methods
Cooling parameters
Laminar Spray Mist

Surface temperature (°C) | 100~500 | 100~500 | 100~500
Water flux (1/min) 40~100 10~100 10~60
Water pressure (kPa) 49~274 29~392 29~372
Air flux (I/min) — — 330~2000
Air pressure (kPa) — — 49~312
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Fig. 6 Cooling curve for the slab casting.
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Cooling Properties of Various Cooling Methods
for Aluminium Semicontinuous Casting

Masanori Tsunekawa, Nobuyuki Muto,
Norifumi Hayashi and Teruo Uno

The heat transfer coefficients of an aluminium block using various cooling methods were evalu-

ated. Aluminium blocks with thermocouples were continuously cooled using laminar, spray or

mist cooling methods. Temperatures close to the block surface were measured during the cooling

process and the heat transfer coefficients were calculated. Experimental results were summarized

as follows:

(1) The laminar cooling method could obtain a high heat transfer coefficient as compared with

the other two cooling processes, but the range of cooling condition was very limited.

(2) The spray cooling method had a wide cooling condition range and a high heat transfer coef-

ficient. Using this method controlled cooling at each ingot position and high speed casting were

expected.

(8) The mist cooling method had a low heat transfer coefficient compared with laminar and

spray cooling at the same water flux density. So this method could be easily applicable for initial

reduced cooling to restrain butt curl, butt bowing and cracks.

(4) These cooling properties for aluminium were similar to the results reported for steel.
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Fig. 3 Thermocouple position at cooling tests.
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Tablel Experimental conditions.
Cooling methods
Cooling parameters
Laminar Spray Mist

Surface temperature (°C) | 100~500 | 100~500 | 100~500
Water flux (I/min) 40~100 10~100 10~60
Water pressure (kPa) 49~274 29~392 29~372
Air flux (/min) — - 330~2000
Air pressure (kPa) — - 49~312
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Recent Development of Aluminium Fin Stocks
for Room and Packaged Air Conditioners

Akihiro Kiyotani, Tsukasa Kasuga, Yoshio Sato, Mitsuhiro Tamaki

Recently, in order to save energy and materials, considerable thoughts in designing air condi-

tioners have been directed towards heat transfer efficiency enhancement and volume reduction of

the heat exchangers using aluminium plate fins and copper tubes.

The thinner gauge aluminium fin stocks with highly anti-corrosive and hydrophilic coatings are
required to develop miniaturized highly efficient heat exchangers. The minimum thickness of fin
stocks on the market is 0.100mm. Sumitomo Light Metal Ind. (SLM) has developed three types
of precoated fin stocks, namely Silica, Silicate, and Non-silica types that are in practical use. They
show high corrosion resistance, strong wettability, and significant press formability when used

with volatile lubricant.

In future SLM will continue its efforts towards the gauge reduction of fin stocks and develop
highly hydrophobic coatings and precoated fin stocks having good press formability without any

lubricant.
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Development of Ripple Finned Tubes (Inner Grooved
Tubes) for Room and Packaged Air Conditioners

Shigeo lijima, Hiroyuki Morita, Norimitsu Ishiguro, Yukihide Kitou,
Hiroshi Metoki, Akihiro Kiyotani and Yoshio Sato

The concept of energy efficiency and resource conservation have become increasingly important
in the design of both industrial and household devices since the first oil crisis , and have therefore
promoted technical developments in every field. Room air-conditioners are not an expection to
this trend and considerable efforts have been made to improve the performance of heat exchangers

in terms of Energy Efficiency Ratio (E.E.R).

Cross-finned coils have been conventionally used for room air-conditioners, and inner grooved
copper tubes (Ripple Finned Tubes) have been applied to them to enhance the heat transfer coeffi-
cient. The demand for more compact and lighter heat exchangers has been increased, and so high-
ly efficient Ripple Finned Tubes have been developed.

Recently, more and more demand for highly efficient Ripple Finned Tubes is increasing by rea-
son of the change of refrigerants accompanied with the international Flon Control.

This paper outlines the history and future trend of development on Ripple Finned Tubes.
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#8 FF 800 027 | 017 | 55 18 55 | 34.2 | 2.62

¢7 FF| 7.00 | 0.25 | 0.15 | 55 18 60 | 30.7 | 1.85

$6.35FF| 635 | 025 | 0.14 | 55 | 16 55 | 27.2 | 1.59

$4 TFN| 400|025 | 015 | 35 8 40 | 19.2 | 0.96

$9.52 P/T| 9.52 | 0.30 | - - - - | 280 -
$8 P/T| 800|027 | — - - - | 234 —
¢7 P/T| 7.00 | 0.25 | — - - - | 204]| -
$#6.35P/T| 6.35 | 0.256 | — - - - | 184 —
¢4 P/T) 4.00 | 025 | - - - —~ 1110 -

HE1) P/TREBREEZEKT 5,

T5P/T CHIBE bBIELR, BB, Vo 7NVT7 4 v
Fa—TORKE, FF 94 7 THH— L1, 72720, 4
Bimm @) v FNT7 4 vFa—-TDEFNFA7EL
7o

ENREOENERBZER LR 8 I, EHNEHEE
EREFE I T hEThRT, £/, BEAR T BN
FHIN TV R ZENTNOKBRER (FA%9.52mm,
8.0mm, 7.0mm, 6.35mm, 4.0mm T % 1 Z $145~55kg
/h, 35~45kg/h, 20~30kg/h, 20~25kg/h, T~10kg/h)
B A, REEREE LR m ke R 4
WiRT . BARKLODETOEZRDZ00, EHNER
BnERIIEREOB L Z25ETH Y, BNEHERG
ERIBLE20ETH B,

20
§ 10 P4FN— ¢6.35FF $9.52FF
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S s e
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Ve 'd

2 5 /
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- e
m T AT Dy
L 3 Va
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¢ 2 7P/T
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BERE G (kg/h)
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= $AFN $6.35FF
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x4 BABEOY »y TVT 4 ¥ Fa—TO ¥ 1o, EARBOENARENRELEEI0IC, ENE
PRI B MR L HENREERINIC T NENFT . BAEINE <155
4 & (mm)| 6952 | ¢80 | 70 | 6635 | ¢4.0 13 EENEED O DIRBISKE S LB 7%, BRAEFRLSN
=1 207 e Y, 4 =1 = N I “i‘%
AR (kg/h) | 45~55 | 35~45 | 20~30 | 20~% | 7~10 e Emﬁ@fzﬁﬁ%@, EANEMNE S L i&
MLTOB, SFEEELY v VT 4 v F 2= TEEEHN
Bt 4 M BE Hh] 1.9~2.0 | 2.0~2.1| 2.0~2.1 | 2.2~2.3 | 1.9~2.2 15[ Th Y, HREHETHBLRBLZ1LUETH 3,
3.2 MEMLLBEEBLORE
40 e Yoy TN7 4 v F a— 7 OB, EREOERAL,
30 e 7 4 YIEAO R Y MURUEHELOZEERN2ICE &
BDTRT, BB, TCTHELR ImYhO0BEOHE
20 ¢6‘?¢5;§5>/r THb, Vv TNT7 4 vFa—TOENRE, 9.52mm
- / / ¢7IF H524%—1t L, 8.0mm, 7.0mm, 6.35mm & fER{LA
£ il fn, B WA Omm OREDFHAT B,
s Ny e o= s aiims RO L2 BIE LT, 7 4 ¥ B8 < 1B I
R =4 A Bho 74 YES OMMICHES> BEOMINEIHIL, »
x 74 / /‘(Mf’ﬂ SERELE BIL, ENEOMAILLT 7 « VA
B / /| ¥4 2 ) BAEBHED HNT X Fo, EHEI.52mm K °8.0mm
g 4 /A// /// I{ i, BIFEAFNC L R10~15% ORBEE/LAH I TV B,
i /A
- 4 /
fu / / 3 s
2 = i — 952
/ S5 o.1or __ggg .
1 ’/ YU 0'08: -— —¢6:35 “_“-""
0.8 {n\ﬁ 0.06f =T ¢4.0 . i
0'6 ’ l\r 0~O4 B j‘—___.—l...
56 8 10 20 30 405060 80100 5 0_025
AT G (kg/h) ¥ o P B ISR
B0 BP9 ST Ty ik T 0 1A s 0
8o} ——
@: N
B oof L
20 * ': 40» ‘.—}-_-_l_a—___:_ .......
s S
Caatdl ] e ——————
10 y iy i - $4.0i%
~ g 7 $ 0.038] B t/0,=0.0625
£ / $6.35FF N
s 7 T * 0.036f — | I
o 6 $6.35P/T " = ,_,___,___I
= 5 / STEF o 50341 .
AA K | KL g I — -
e A goFry 1 # 0.032}
S y / §7P[T & .
K 3 4 / 98°/T— = 0.030;
om $9.52FF 1 el Ly Lol
E 5 1/ y / . ‘I ! ook
o / / /(¢9.52P/T 120
B £ loof '_1______‘___
t{% 4 * & 80f —
0.8 v o L T
0.6 A7 ®oo40r
05 +/ 20}
0.4 J O(...r....l....lA...l.111|
56 8 10 20 30 405060 80 100 80 '85 '90  '95 00
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4, Uy TIWT 4 VF 12— T OEEEREICRIZT
EREETOXE

Bhicii~xtz ) » 77 4 v F 2 — TOBRROCESE
PAS T, mBEREIC R E K EBARIET EEZ LN B H
TIBLT, TOREBELRE L, B, B0z h
ZThOERR, ¥ TRELIVEIBELABELORE
DY v V7 4 v F a2~ T OEEEEED 7 — & 2 8H
LicbDThY, ~THEHEITOFEMIERT 2,

41 T4 VEIORE
ENERBIEERICRIETHEN 7 « vEE (2h/do)
OEBERIBIRT, CIT, Hlilickd 4 vEsE
Huilcold, BARORELRHET IO &, ERt{bsh
1EEAHVALDTH R, BB, TNEFNLOEARK
B2 ENBEER L, SHEERERE (250kg/(m?s))
THOTERL ., 0k, BEHREE G (kg/h) THET
&250kg/ (m?+s) F, HA9.52mm, 8.0mm, 7.0mm
BWT, FhENB &L #55kg/h, 40kg/h, 30kg/h T
Hb, HIBEDHSHIE LA ITHER7 « vE X OB
EVENERBZEROGWML T, A7 « v &
0.07TRHED SEFRIBIC I 2 2 &b B, $HER
B BMmERICRE TN 7 « VS S OB ER14TR
T M7 4 vEE OO ENEHERER I,

2 1

% SIEEEHEE 250kg/(m?2-s)

> 07 s

iy

E o ¢9.52 -

R 9F A ¢80 ,/D’D

S 0 ¢7.0 &

ool "

) o’©

s a°

& L

® 7 e

1

K 6 i 1 1 1. 1 1 1
i 0.02 0.04 0.06 0.08

7+ &S 2h/d,

B3 FNZEFEEESRIC I T 7 4 B S

=27

f AEEBRE 250kg/(m?-s)

£

; 6 S

= o ¢9.52 jw}
A $8.0 ////

& 5 0O¢7.0 o

8 g

II\E 4 " A/g{

B 5

&

ﬁ 1 L 1 1 1 1 I3

E 0.02 0.04 0.06 0.08

\x7r&X 2h/dy

B4 A PEEHRAMRERRIC RUT TN 7 4 > & & Dt

BRI 2RI B B, BRNERRERERE
BABEAERE, SHEERREOSA, EARK
BFE ic—oolifid s WERTEMTE 3 &
W53 5o

4.2 FRERESIOE
BNERMEERIIKEEEERIFT EEIONS
kS cBLT, HERES (L 7nd.) VT
B U BRERIICR T, HxiERE S oincfu
BENRRBEERIIML T WS, 7220, M7 4 v
EE 0BG LEBRIC, EXRRESSINT 313 EEN
BRHEBIEROHIMERIRL L T 3,

4.3 HEBEUEROXE

BN ERICRES(CEELRET EELONS
B ERICB LT, WM 0 R bR < ENATRE TR
oAb U 7oA 0 TS (S /S 2V TEEL 24
RERI6ITRT . MRS O R OB RO B B
BmERE, FFHAMCHENT 2EEC D B,

4.4 lhAaDEE
BEARBICAERSFERE L 2R UM (GHER L
N BEET 5, i, TOERIZENERBZEER
DESGRBETHD, EAREEHELQ UNAORHZRELE
BHUEBRERNTIORT, EARINE BB IR
BhUhAS/NSREEHE > TOL OHND B, &1z,

2 10

< AEEREE  250kg/(m2:s) e
§ 9r o A a

: s

.5 575

2

M 5L ° ohi%

il ] o $9.52
1 / A ¢80
& 61 0 ¢7.0
e

% ! 1 1 I3 1 I3 1
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B\ximERs  L/nd

15 PR FESRGRERIC RUT T AR AR & i

g 6
<
oé BEEEEE 250kg/(m?-s) _
= o
~
5 -
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g 5t [557 o ¢9.52
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T T T T T

ShE
0 ¢9.52 |
251 AZ&O
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() ./
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i I i i
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5.1 ERiEA
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JEY WEW, 2= 2% &5, HEESEY (~10000
rpm) FOMBENRH B, RAF 14— A7) v IR,
VR PTROEIPEFEOE—IDOIDERMTH D,
Sv=vyazbt (R7TYYIE bEV, BRI
BHEEETH 5 (~25000rpm), HE~T Y v 7 Ak
baVNI N THIPEEDE I THLIDEMTS
o L, o= BHKFELLRF— 5 LHERM LTV
fodh, RF 4 —RT Y 2 TDOE S ICEIIISE A
ONBEREL, Sv=vrax b @E0, £k, n—9%
MIEEEh O o O EEEE ST EETH 5 (~45000rpm),
5.3 HMBILICESESFIEAR

iR, SEEY » 77 4 ¥ F 2 — T OMMEBALH
EHONTWB, HIROY v 7PNV 4 v F a— T REHEE
ki Lo MG 2B, BT /R BD ET AT
TEMNSSBY, MILTEORERES#H LS C
L MITEOREORME, sorEEBEORE(K
AT, EdEESBRBAI LRSS Y VES
OMEND 5, BENROKENR L A TERENTLEZST
W, MTEESEVZES &N LD, FROAZT
FEbFEZ oNfcds, ZE5[EMITEHCHRET ERED
WIS KERMETH - 7o EFE, TOZXH|EMTRI
B 3EREOHMMEINH T 2 5kE LT, BFENE
ML >2%5 &I AT > HESERES h i,
5.4 BERHOEE

Uw N7 4 VF o— 7T ORUEEHTOBEIELHE T,
W EHEERR TEEI T AT P & 0D T &TH B,
FoEHEizToEEEEE LT, BmEARE K- VE
i, i@~y FoBEEARGERER AR O K
R7T Y THRANEBITLTETVW S, &6i2, IER
ORI HEEE LT, BAENEMAIL 25
EREREENTE TV A,

6. KBSESE
6.1 7oOroiiRfl
7o v H R, KB, AR, LER - BREE,
BN BOIENEE, KRN, #BRNERESFEZ D
Rk, mif, Fak, BHEE, gRHE0oNET
B FHENTER, UL, ViS5, HIBsRBREHEO—
DELT, AV VBHBEOMENDD, REKUEKRE I

RE—EHO 7 a vty vERET A2 —RHTHELHES
NTVWE2Y, ZhoohT, 5« BEBOBE S L
TIHESHWSRTWS CFC, HCFC ITB LT i, 19874
WERa N ® v b Y 4 —AVEBEETES X, 19804F 7
Ao o CPCHEHIMR S — F LTWVWB, 19924£0D 3 < v
N—FUvEERICE D, B2NURT &S I CFC O IR,
KIBICHE L &0, #Hikic HCFC ol B h
iR x

6.2 HKEBESEORRIRR

B, R - BEBHoRENLABRE O
Wbk & BIRIRIE AR 7 KR T, CFC ORBMBIEE L
T, HCFC $BEF &N TW A M, HCFC b EfloxR T
b 3O TIRINICIE, HFC ~DEHASSREL T 5T
3o EHBAHOBIES LR HH s T3 HCFC-
ORBEHSIEARBITRT, T, RIKELAR
BRSO ERT, RERURIIRT LD o
e E LT, 2B LoRAaBENENTH 5
2, WEN S MEBIOFRT N EEWNWHEEEE L TBY,
FEREBBECETEICRE > TR LY,

B, EEEHORENRE L LT, Lilo HFC %
DREGHRENEE M TH 208, NRHER7 0 v
B~ o7 ALK OBlsn» s, 7 v #bT7va—
oo = —F B, RAWKER, “BILRE, TrE=T
LR BBIBEIN TV R, FIZ I, KETWE, /¥ty
r—vzrvavicTaxyERFERLCERERIMES
hTWnaw,

%) z
100 1009 {19894 51009 +1986% 1 X3.1%
CFC HCFC |
755 (1986% k)| (1989£L) ! 659
bmmmey
50 135%
=T 110% 059
0 o T -
86 '89 9496 00 04 '10'15 20 30
F

®21  CFC i (*HCFC oy gl i 31

£5 7o rORHEIEEY
A £ By H i
FC |7 & & v # — #® v|&VYEEHEELLL, RRETEETEHRFHTH 3,
CFC |7 mm v vt oh — K v|KGETEETA Y YELHET 5, CLUTOCFC SBHHHERE TS 5,
HCFC |4 Frzuoyuvtah—KY | KRETHELLTV, 4V VEERET 2 7855F V. BENIH,
HFC |4 Fa g rmtnoh—F v &/ BEFELLV, KKETHCFCL O LETRFHM,
sNay|FeEsooyviads — Ky | CFCD3I~10S4 v v EEHET 5710580,
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®R6 RECTHEGR 0 5 AURIKSE & BB OME'®

w Pt %X CABRES HTE T.(C) T(C) T.(C) LT(G) ODP GWP #Hi: F#RHE
<HEgdEE7 2y CFCE>
CFC- 11 CCLF 75-69-4  137.37 —111 23.8 198 75 1.0 1.0 1K Eii
CFC- 12 CCloFy 75-71-8 12091 —158 —29.8 111.8 111 1.0 2.8 & %
CFC-113 CCIFCCIlF, 76-13-1 187.38 -35 476 2141 90 0.8 1.2 1 il
CFC-114 CC1F,CClF, 76-14-2 170,92 —94 3.6 1456 185 1.0 3.6 & i
CFC-115 CCIF:CF; 76-15-3 15447 —106 —38.7 79.8 380 06 4.0 & L3
<fREEvwv>r HCFCH¥>
HCFC- 22 CHCIF, 74-45-6  86.47 —160 —40.8 96.15 16 0.05 0.34 & i3
HCFC-123 CHCIL,CF3 306-83-2 152.93 —107 21.7 18371 2 0.02 0.02 B> i
HCFC-123a CHCIFCCIF; 354-23-4 152,93 -8 28 (185) - - - ¢:9) i
HCFC-124 CHCIFCFs 2837-89-0 136.48 —199 —12.1 1225 7 0.02 0.09 B i3
HCFC-141 CH.CICHCIF  25167-88-8 116.95 -6 76 (269 - - - (€69 H
HCFC-141b CH3CCLF 1717-00-6 116,95 —103 32,1 204.2 9 0.08 0.10 &* 9~16%
HCFC-142b CH;CClLF, 75-68-3 100.50 —131 —-9.2 1372 19 005 0.3 15 9~15%
HCFC-225ca CF3CF:CHCl 422-56-0 202,94 —94 51.1  203.6 - <0.04 - &> il
HCFC-225¢cb CCIF:CF,CHCIF 507-55-1  202.94 —97 56.1  211.8 - <0.04 - i i
<& vuov HFCE>
HFC- 23 CHFs T5-46-7  70.01 —163 —82.1 25.9 - 0 - & i
HFC- 32 CHFy 75-10-6  52.02 - =518 78.4 = 0 0.13 & 14~28%
HFC-125 CHF.CF3 345-33-6  120.02 —103 —48.5 66.2 25 0 0.84 B il
HFC-134 CHF>CHF: 359-35-3  102.03 -89 —23 118.5 - 0 - ¢:9) i3
HFC-134a CH,FCF3 811-97-2 102.03 -—101 —2.2 10L.15 21 0 0.3 &* %
HFC-143 CH,FCHF; 430-66-0  84.04 —84 50 712 - 0 - (Ci:9) H
HFC-143a CH;CF; 420-46-2  84.04 —111 —47.4 73.1 42 0 075 () =1
HFC-152a CH;CHF, 75-37-6  66.05 —117 —24.7 1135 2 0 0.03 & 4~18%

T : WAL, To: BB, T.: BEREE, LT KKh#HG (B ), ODP: AV VBHERE, GWP : HIRRE/LHRIL
MO « IHBh, TREMOBFIHBHBR (TSP vol.%) 2RL, EIROEERHEETH 5,

£7 RE7 ook ERREY

& B HCFC HFC
(Hydrochlorofluorocarbon) (Hydrofluorocarbon)
% R 22 123 124 141b 142b 225ca | 225¢h 23 32 134a 125 143a 152a
1t % | CHCIF; |CHCL,CF; CHCIE CH3CCLF |CH3CCIF, CHCLCFy CHCIF CHFs | CHyF, |CH:FCF3|CHFyCFs| CHsCF3 |CHsCHF,
~CF; — CF3 |—CFyCF3
i A (0| —40.8 21.5 —12.0 32.0 -9.7 51.1 56.1 —821 | —-61.7 | —263 | —485 | —474 | —25.0
4 v iEEODP) | 0.055 0.02 0.022 0.11 0.065 0.025 0.033 0 0 0 0 0 0

HWEREBE(GWP)| 510 29 150 150 540 55 230 12000 220 420 860 1000 47
{LEE(H-GWP)W| (0.36) | (0.02 | 0. | 012 | 042 | 0.0 | 015 | GD | 013 | 0.25 | 0.8 | 0.7 | 0.09

54754 L50EE) 15 1.6 6.6 8 19 2.6 7.1 310 6 16 28 41 1.7
P A F T — I i I - v I\ - A2 I m = -
% @9 2-03 | 207 | &auk | wAH | 2100 | BER | mAR | 041 | - | @as | - | HEE | 28
FABE (ppm)® | 1000 10 500 500 1000 - - 1000 - 1000 1000 - 1000
BB | , o o o , , 1~ | . ,
CHR B 5 B %) IR IR AHER19.0~15.4/6.8~18.2) F#& NS R 99.3 NS KRR 17.0~19.04.0~19.6
i %

% #| O | o | ©O O ol ol o] o] o] o

£ m # o | o | o] ol o O

w o #| O o] o | o e

B A O e

Bk A o e e
REMFE 70 v 12 11, 113 114 11, 118 12 113 13 22, 502 12 22, 502 1 22, 502 12

B K |k b W BA%h | B R | OB OB o | bW BIRh | b | BERP  B¥h | b TR

) GWP : Global Warming Potential CO; Dffi%1.0& L/c#8%HE  H-GWP : Halocarbon GWP CFC-110fE%1.0& U f- Ml
g BFEIREREYE > v -, BB MIBEOERERALD LD
)

PAFT CHEMERUEE SRR L 2 HEEHA ST
HCFC-225ca & HCFC-225cb @ ¥ v 7 A& AR
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%8 HCFC— 20 MBS

"W i i (HE%)

@® 327125 60,740

® 32/134a 3070

@ 32125/134a 10770720

@ 134a -

® 3271251342290 207557205
® 327125/ 134a 30,710,760

@ 32/134a 2576

£9  EURBBEMSEORNEY

BRI Hore gt |21/ 1Ba) 32125 132,134
o B -2 20,/10,/60) | (60,740) | (25,/75)

GWPY | 036 | 0.5 | 0.8 044 | 02
7omouel o | O o o | a2
Wow5s9 0/0|0/a| A0 | O/n | 20
B COP M | 100 | 097 | 096 091 | 097
% A i | 100 | 060 | 098 145 | 089
”i%ﬁfg ol o194 | 132 | 210 310 | 188
Mjg:‘i"f Tl g | e & % 84
FE(1) CFC—11% 1 (88 & U MIREBILAR

2 ©:FB O: RELFRERK A ds5HTITR?
(3) Zfl; O B— or JEtilbiil, A - Jpdtifait
A A B, HREETOEFRS D

6.3 HKESBRIIKT ZEREMORII

6.3.1 (REEREDOH LIE

FERBBIESREINTOWIEWVIRE T Tldd 5 23,
BaEBFsh T 3 REBBEici, #ko HCFC-22&
gL, EEMEREDETSEZ bhd, TRER D <K
B EEAE OBRSNWERETH B, 4FITB~N K
I, T4 vEEL, HAARRY LI, SHICHEHERL
NERUBEEEREEETAIIECED, Vy TVT 4
vF o —TOEEREIBED SNTWE, LirL, Th
SOETOWEICLVEONAERE S LENERAME
EREOBGE, O SO EIS I, dAFERMLETE
(EEVEEEIEIRI T 2 EMICH B, LI - T, BR 3R
Mg icBAL TR, EROZAE 7 v O Y v S
WHEEOIHEE ¢ 50 SRITHAFTBIRORR S HET
H 5,

6.3.2 ENEEHEROEEIL

W—h T avETE EREERORC, BiEida
YUy YRIREBLZONE, a VT Ly TRTHESE
B TIES T A &, BB ERBAEIR LAY
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Failure and Its Countermeasure of Copper Tubes

NTBY, TOMFAERIMD TRIFTH 578, BIEL

of Aire Conditioners and Refrigerators

Koji Nagata and Kozo Kawano

This paper describes the case studies on the failures due to pitting corrosion of copper tubes in
the heat exchanger and piping of air conditioner and refrigerator. In addition, failures by SCC, fa-
tigue crack and crack due to freezing which have rarely occurred due to mishandling,improper de-
sign are introduced. Pitting corrosion is classified into two types. One is called as formicary cor-
rosion having very small pit of around 0.1mm dia. and complicated cavern occurred in wet atmos-
phere. The other is fairly large size pit similar to usual one experienced in circulating cooling,”
heating water piping.

Formicary corrosion occurs prematurely at workshop of heat exchanger of air conditioning
units. Following two substances used during installation of units are confirmed as corrosive me-
dia. One is 1.1.1-trichloroethane used for degreesing /rinsing expanding oil. The other is some
kinds of self evaporating lubricant oil which is likely to adopt to avoid rinsing by organic chlorine
solvents from view point of earth environment. In addition, heat exchanger tube of refrigerator
set at dinning room or air connditioner at machinery factory failed due to formicary corrosion.
In all cases, corrosion media is estimated to be carboxylic acid in humic condition, such as formic
acid, acetic acid and so on, which is decomposed from 1.1.1-trichloroethane, lubricant oil or ma-
chining oil. This paper shows the evaluation methode of self lubricant oil having anti-formicary
corrosion based on the hydrysis and corrosion test.

Pitting corrosion in air conditioning coils occurs in the system having the open heat storage
water tank. The result of EPMA_ EDX of scale covered with pit shows invariably existence of P.
This fact suggests that inhibitor of phosphoric added to circulating water in this system is closely
related to the causes of this type of pit, which is much different from conventional type of pits,
so called Type I, Type 1. Laboratories test makes clear that new type of pit occurrs in the spe-
cific complex addition of some kinds of inhibitor, e. g. aminotrimethylene phosphonic acid (ATMP)
and ZnSOs and BTA. To prevent pitting, water treatment by increasing pH and increasing Ca
hardness is effective.

SCC 1s rarely experienced in copper piping with the specific plastic cover from which ammoni-
um ion is likely to be detected. Fatigue is also rarely experienced in piping due to the vibration
generated from compressor during operation and the oscillation of truck during land transport of
units.

1. 13 L & ; e HBREIC L » TRMICEAPENIC X 2 REEK

BEEHRBASRE C R RAROME s SRl TS, WAOKAR, HOMKER, AR,

BHBEEEN, RITENETH B,
ZD5H, BWMBIECEULERE, FELT,

*

* &

¥ %

*

33 E R IIZES (19934118, it - AR ic THe® BOBRNEELILATH 5, HiE IFHH R ELE TR

BT B B B, TN S B RIS CERRERERD ©7 L AR
BT SR P B PRI S N B OB BRI & 5 LS n

28



Vol.35 No.l,No.2

3 R AR BRI E OB L d 29

TERD, BaEOWRIZED, ThdOWEDOMRER
VTH5FBROMREOBERA VR VBICLIBATH
B EMPELIITEINKY, BER, BEKEHEON
ICERE B3V R F 2 BVT, HEKEPERA
SNBA VeSS —EOBBETHEL B, o, 1 vt
Vs —& LTEEY YBRIERO S ONIINE N BkE
Davy ) - MUBHEAET LY X7 LThTOHEMN
L0, BOLOWFRICINEZ, TS VEERMHEHITM
BRIKIC B B KBRS S AL BFRAE & oMo B G
DHBHEPVIESH, TOERICESERETEA vk
vy —OHWEMSERE LY,

—7, ZERARBERERICRMOLEL 5 & 3BY TR
TH B0, HEEEN, EFEN, BRENESER
EINTVD, IhoOBEERICE, HEAMIOE K
AW WEsE» SIER L7 v E =T, SEIEE B
337 Ly~ OREPERFICERICIND 2R S
BVEENICHE LIKOBBEESE 45 LicboT
H b,

D& DT, BSTHEHE OREEMICHE L 2 -5~
DIWHDS ETEL OREE, WLz, HEEX
FILOVWTa -V —RAEFOWERHEL TE I, AF
T, E& U THicRFEb AT NIRRT OEERH 418
BRI AL, BEREAEERLL, &8, 2T
WEIC LB, v—ax Ty, Ny Ta
v, KREZERBRO 7y vafba=y kP FTAYF
Yy ra=y FRUKBEEES TH O, BRIGHER,
AR OEMP I B EBL BV E D> THEAEL
7o

2. BOERER

2.1 ERRFHRBFNICLIEREN

1S ERZEARE O DS AR AL L 12 19T0ER R &k v
NORTRESTEEZR DBAEMSENATELE LS KT
8o fe WUNSHLBWERERINICE W THEICA D
ATEITLTEYD, TOL5BEE» SIBOMRER L
2Rt S ni®, B OBOBAE T 2 G
Tcho, FHROME, XEOMIIES TS 72D,

Lil-F Yy 7voxd oo CRUIRIEE L 72 2o P B b 28 e 8
DIt 1 72 B 7 00 HOIRTE £

]

29

TRHEHCEARRI D S BB O TE (7V I i
D7 4 VTV AMLHENDEZABIE - FIE—~Y
g =Ry RS 5 =k ERE) D25, 7L R
LB IR U oot c M SRR e BA
HIPSEAELE L THEIH SN, S 0b, RSB
11l-bY 2oy v2HLELSA Vifloh, b
JrmoIF Ly Ly aRfVkS Ay T
Thotcleb, 111-rV 200y vBERIC
B L Tw3 23 EATE -1, UL, BELLL-
Mooy v DAERRRFICEZ00HTH - 7,
BEER O T CHRE OB VR VR Y v i
ECHBOBRBALEFLHZ I EEHSII LY,
Chick v+ EET, EToSTRO TERAEZZER
RN S WTIK A RERZ 1TV, NIZKRRRIGIC B W
Tlll-tY s ooxd vyOIEBRIICHEVEERE 4
LBZE, TOFRMRETOABOBEINEENERX
N2EORELBILEDS, BOBREREOARE IR
BB, BERRMEOEST AR VD LR VBEESTE - -85
WIRT B3BARTHE T EBHSHICK 5729,
CHsCCls + 2H.0O — CH;COOH ++ 3HCl

WMEE LT, KERERTHEEEEITICE, #lZ
£, AF— L= VEER (715°C) OEKXTHRT 3,
HEVHHENOE > L EREERS X T-Y L TH
Iie i CRE T 2EKD EESEENICEES BTV
ETHY, HHREFABOMITHECBOTHREREL
T3,

2.2 EREERBHCLIEEEM
HHREFRROMI TROER TRICE VL TEEEH %
FHT 2 &, BEME» SHESh3EEICH Y,
TUIRD T 4 ¥ 7TV RNML, FHEO~T Y PHEEN
TR B AR LS WEREEEROEZERLARET S
— RSN T WS, UL, BKERG oM
FEERMIC X VIROBIRBASE U 1Y, CORBHEKH
OEHEICBVT, HEMONIKIFIC LD FBOERT
BT ENHERESN, MTHBRKSEREERS ZENE
FEThdLEHaNni, HEMONIKSRICL S FBO
HERE, Y5 7 4 v EERS ET AEMBEROSIH TR
15, WMERESOZDICEMENTWSE 7 VT — i,
T RAFN, T—FIVERNKIELbDTH S D,
ERUEEEHC SROERBELET LD I ESDH
B EAHIBAL, WSRO EE CBLOSE
FDEDITH ot TDD, EEEEEICEEL, Mg
T, HESRVE, @TUEEREME, (EEERRSEM, RT3
7 4 v OHKEANOEBEICIA, BOBRKNERELE
HT 2 MNEND 5, BMOBREAHIEDO 2D Ic bRD &
S TEEhO R BN RE LT 2 MBS D,
M TRROZEHORBREERFE L T30 Tz o
BEEHNT b,

FA L (1) o bidE (O Rk: Hmbeg s
AHKS0m] RS EISRT 7 5 2 2 (150ml) AIT24




30 F KR 8 & B B W June 1994

BEfEIEME S &, BEBKER 2 ml 2 v ) v VTIRID
4 F v IS 7B TERBESNT S, ET
pH 2HIZET 5, BB, Cu, CuO%LFEIELFAI
SWVWT HERORB ATV, ARBRAR OB
T %,

FZ2 b (2) MERARR: ¢ 7x¢0.35mm ON
TSRS A 1 Vo5 7 4 »100% O T U thif,
NiliskieE o £ $HAE LT 5, A& RBKERH
el 9wiEg dml 2HEENICMA, Wiz
v FCHEEBEEL, T ORETHERNI0CH 5 1113400C
OZEGIFCEIRAET 5 ERE T 5. 7 ORIFAICH
W UAHISHREEKRL O A xE2HA LT (oK
HEAESEM BESHL, 1~ 3 BERERNEN
H& O % OWrif = 85T %,

R ERRERO—PIZ I TIORT, FHMlIRE L
FEFMEREEEE, BORREAROE U okEREE
(HA), 4v2e357 4 100%0Hm GEB) RUh
g E ER (ST v -, AT HEEY%
WMLz edo B BeBEEOENHK — & —&
VEDEEHEM (C) THZ, FRMDICBT 5 F]RA A
VKR E pH #F 2 1Kk T . A © HCOO™ 3 B
w2 Bl BB T &, B ik B ik~ HCOO
DELLEAT 5T L SBORRERERAEEORE
WhDEHEEE N, —F, BRA -4 —EERICO0VT
& HCOO™ 3% L < D 0 BUIRIB R FEE MR /N &
WD EHTEINI, FAMMTHBOVT, U (B
) & 0 #40mm _EEONES AKBICER L O
WO BREANA U, BARHOMmHEPIER 3 1RY,
Z O T R MINSBOVT Cu, Cu0 & DIFTFTHCOO™
BEALLEDTH S, ¥ A MIKHT S HCOO™ &
EF R QDB ORAFERNER 1 1WRT, FRRE
REOHmD TE L o0 BRTAREREAE U A

H3  pBCoEEEMCITL 5

SO ERL

pH

. (a) 150°C-CH55 Mlin k4% 201 C 3R PRER
INEVERE, WEEEIC L 5T, TRTOEET THD (b) 400°C-C55 RlmBkig 22 CLARERE
B ASEE S N, 400°CnEdic B W T & b H1EIY (e) 400°C-Thoy il i IR IC TIBM AT

8 T T T T T
1 FEACHEHREEMC L ZBOBRKBEEORE S
T2 o A (osngRRER) | KRR 3517 & FBA 4 ¥ DL
O O @B (13571 100%)
61 O B CHBICEEMALE A ML b0) | W=ES 1 (SHESLERD) R 2 (FAxR ¢
= B HC (HBANEREERH) 3kl
51 : HEe A AV HEREE (mg/D | 150°C X5min  400°C X 5min
u
4l . . | A 700~900 x x
sl “ o . ] B <1~2 o) o)
® o
) B' 26~43 A O
G 4~ 7 9] X
i ¢ v vagel R TS| bl l B tell
1= 10 100 1000 Cs 5~18 O %
HCOO- (mg/l Cs 0.9 O O
- Cs <0.3 O O
2 HREE DHESE o Ph 1k 241 R ER 1% 0
pH{t & HCOO- 4 i 3 H(1) BOBREA . xFE AbicHELE OEANL

30



Vo0l.35 No.l,No.2

AR B ER I E OB R & R 31

IISORIRBEDE Ufee Big, 74 v 7L M, &M
BEEE 2 F s BN A —» —SHfEhmo—8 (C1,
C2) 1T b400°CINE, O HAFOEHTHROEIREE
BHEUIH, CoMOBEES, 72 MDIRBVT Cy,
CuO EDRETFTTEBA 4 vENEKLLEDTH B,
Z ORI EREEEBHCI ~Ch i, FEA
A vBEIBRDTPUBOERERRBREL TV,
PlEokx iz, 2 MiicBiF 5 HCOO  B&EF X M2
DEE D RFEAEME & ORI A B ERA S h
B0, MBEKETOAVWEVGA LN T &S YE
TAMEPFHUFET 20088 L0WEEZ 5,

2.3 ERRETTOEAESEMN

M ERZE PR SR AT IR U BB 0 BIRIE R o F4E R
TOHMIZ, BeSBIEAT TIEMCEEREL, )
AR ORI OXERE CREBSFER SN S, T4b
5, WEE COMMEMSEY, BREESBD TREL,
EWVWS TEBBIFON G, WHBEHOKEZHIE, 215
&, 22T AN TIETO D TH 545, &
DTSR T Ao D BREMR s nckigEs 4
UBBE0H 5, 0L BEFTREASHEEDE M N
TLARBICEORREREZEE LY ABARENEET
5T THEY, BREAFETETVLAL, Ll
EBRD LS, BOBREEOAE IR, FERSOH
BT NFNHINVRVBESUE - BB IRTABEaT
H5IEPHSPIIE - B CORHER >
AR, HAfERETEZ23TTh %,
T3 OO B O BESHER R I U
c = OB OBREAHEEEN T B,

BHE (1) : HESBEEEBEIWCABERRED
BOAZHAERINENIC 2 EOE TIREAE Ulc, BESHE O
AREREERE V F 4 v BERESHEE ATV 2, R
i3, BROFEEL . UFEo o v FoafcEL
TWi, TOMWMHDOEERREEL TR, ToHP2IcEL
BOM/NIILADNS SN, 7 OWTH ST 73 i D Bk
BROBHEEREL TV (H4 ). —H, ~TEY
WMo UPOHTHOBREORMEA A S, BIEFIEELR
EHNSHLAESEE SR Y, FOFEIERK4 (b) I
KT LI, —HWRNABEEES ROALETHY,
PERBE SN TE MK TIBOBREROTELIER
b UNY FIREANTEVITORATEDENG,
Fric & - TEBHBEELEDH B EIcL B0 LT
SNt WEELT, BRHECKENETHETH LD,
i, HPIMTIEHICE > TOBRBEOFBEE A Uik
FOBEE, URY FEE~TEVEOBERER S hEL
5,

B (2) - BEEBOUMINREGER T 2 BN T T
BiAShI oy = VB 7 o v OESHRABIE I
6 H O TiRgESE U, SR BRI IRE
BoOEENL SN, OB WTHEL SNEICHE
Do THOBRERMEIT L Tk, BMINIITE TR

31

® ~7 e
B4 R R A S U TR R S 2 L 7
£ AR £

HHEHEHOUMIMAMEHLTEY, ZohickoBIRES
HokEBmESEbDEELNB,

3. # '’

3.1 ALBEOEH &%
BRKERAERNICERESE 22T AV FY v o=y
FRT7rvada=y P EHBEESHESE (24 VEFR
ANB) i, LWCHEER~TEYNTE, 7374
vE—{fLEEboT, BRI G BRI XL ES
WEL, RS, MEMITHbN S, MEREICECZEARR
ECEN, BERFSCLTLIEELZBEBEIES
BELTOIL, FLEOEULERY 27 4 3BKEO
LEHE (v ) - b RITHBEAPEWEET S B
DIROENE, Lhrd, M TORMEOHEKE
k2&, ABEEI XA —Eh LY v RIHEN B
AL, BEREKCEMENES Y v EBRERBEEHD
LEFRA S L caEEsE v, W BRARE v 5 —
EERERNER AR EES (Ff624E8 A) o
HE WX B &, “HEHETHRKRKEE o EYH1500
OS> bEEME 0 b0 RNISM T, 5 BH20%IT
BEIGHE (WFnsEy Y VEBRER) BEASH,
BEORBERIEBHERKD 4 HosT, 25 3HE
BIFFISRA ST TV, SR RKOHFERAFIK
FEERE, HEMHFZRAL OBV oI LT
ALTVWEH0TE, (3/200/1/80) =124% —Fb 1
F=—FBNI LKD", TOLDICHEHOBELIR
MEHIT L > T, DA->TREOHEBEERT B L
HRMRE OB TRASN TV B LA 28, FHk FLA)
BT B RS IRE P AEERICEI T AR RIAE
IhTWEY,



32 R B & B ¥ R

June 1994

£2 % EKEEEE A U B IR O
547 K TR KE/ KA 24—/ R
L Wk 0/ B ﬁzg;;@ €003 (OFD)
1RAR v > AL CuCls » 3Cu(OH) »
GER
o EEst pH<T CusS0s (OH) 6
nmAe | @ K o/ _ﬂ\”@‘fﬁ S0£7/HCO™ 21 Cuz0, CuCle ‘
g (B CuSiOs + ¥ H:O
pH 7~8
% & Zns (POy)
- (4flffiﬁ) 0./ B POM Hit o g
Rl ) v BB A o
iRk
‘ CuxCOs (OH) 5
. & % - iEK 0/ BN
Db b ) R pH 7~8 Cu20
> a , CusSOs (OHD ¢

PSERIRRIN O BHR B Bl o~ 2 57 & il & h o B
BRI T TLA L AIREER S DT’ B A ME
LT3, ZOBEAOABEERUERR Yy —Vid, &
SIS THE & TV B BKEFALEIBRIL T0 525,
T I B L AIRIC B 1S - T8 » BBk BIFLRY ©
IV, R 2 ICESEARE CRR LB AR
TN T BEKER v 2 7 A EHBESWBRE ICEL
LAOR#EE LD,

RES13, BRESEK GiEFERID fTolR
AEEG 520, BRESHEAT T IEROFER T,
Pl 3P, R A5 IR ENHEOFHKE
OB | T bl 2 KERICTRET L 729, B—»
SEEROBOBLREOEK T CRABNELTVE
&, 2HARES OMIINT, MEAZMAEaK
ot HMiciddE L TuiEmnw ExHomic L #-
T, DA TOABRBAKEAR, WbWwisAf 71
RUFL A RRRE N I ISR LTV — 8 VR b
RIS U AREMESATH Y, oM, S ORE, WHEd
HHTHA D,

3.2 BAUUVBERBERTINSBKIXFLTO

LESEM

AFTR, FREOLRGE Y 2 7 L ZEFHBESSHENE
TRBLEARD S B, BEHEDPE hohske
EDRLWES ) YEREREAIRNGEARRY 2 7 41
B BILAHEM & Lk TOABHBREREREENT 5,

AEARET TH 50 2 MBMSILEH O EDX i &
B 24— W HTkE R & LA O MR B b IT/R T,
EHEORAHMONEIR, & — vsBARICERE N
TVWABHEFRICB O TZOTHMICILENA LN, RERD
BT EIRE S O XERERTIC L 0 Y VERERSANS, E£h
ICHEREMTRBRR SR & e, RO 27 — VIZFERE
THo, FBOOERYPSHEREL T, To Tk
WTIEBRMSEL TV, CNERIR T —h 5, EDX
S LD P, Zn, Cas, #ic P BEEBRICKRB N,

32

5

i
2 R B R L e AL O T &
Ao — MR

*

GoKH D s S - KA AT 2

LEROEERIEEICRL ) KEODEVWSDTH b,
ZOXIIEBEERYL S CKBAERREBEERRE
HELB5471, IRBOLAED D EIREL S,
WiticEbAE N BENUOILA & 2REERIE, &
UT 6 ERTISM R E A, WIRKIEE v R 7 & B HER
HECRHEERARO IS0 225D TS, 205D



Vol.35 No.1,No.2 SRR HASHISRE OBEEN & 5% 33
RI 7rrvadra=y b+ BECHSHEICHER S NILAZTE LRSI BY 3 BEVKOKESHRES
(ChHDBEFITBNTE, WIhd ) YBRERSI Ve ey —BRINEhTw3)
4 ﬁ&i TD M e S 3 1 - 2- 3—
Mo & {é ] o R 2E M7Th ) E Cl S04 POy
B el E. /D (v8/em)  (CaCOsmg/ 1) (CaCOsmg/1)  (mg/D (mg/D (mg/D
1 A 0.6~1.2 7.5 669 107 97 634 140 18
2 &R 8 — 977 23 14 7 — 87
3 HH 3.7 7.3 336 — 62 17 — 86
4 g 1.6 7.9 283 40 10 2 — 1
5 AR 1.10 7.9 500 140 0 57 62 | 14
6 AWK 0.4 7.4 647 —_ 56 116 24 9.3
7T KK 0.6 7.5 1250 96 114 14 56 32
8 R 3.9 7.3 284 51 41 5 16 110
9 ZEE 12 7.0 83 % 16 12 8 14
sk Mo 3) 6.9 189 55 35 16 — <0.1
(Mo 4) 6.9 105 929 14 10 12 <0.1
TEERKODIFFEROF— 4 DH 5 9 oY >\ T, 54 0 T S U R
. - . “ — s ) VEREERA v e By — 2R HEBRK
£V ORTEER, IRHAS T ORIK OB iRER 1 B DL ATE I BT O
AR IIRT, BHERE CONBERIEE4»H, BE
124EIT o 72 B DSFEEIF 4 FERI & 50 RAEHIRI3ALIR, EBUKDIKE
WEL FEkL, KB, DNESRERCECTED, i N pH3 pHS5 | pHT
o ALY - » D = H s
L@@mmmmoéﬂmum,mﬁmgAﬁwﬁév Ca BUE (ppr) (Ca BEFE (pprm)
YIRS RBERIASIRINE N T W B, FEEIKIKE 5337 D4 0 m\m]mo "
MELT, pHPHEH 9 ZRETI~TIET LA VAT TP S
b, POS 8HFl4, 5%2KRE10~110ppm DT
BV, EKOEEH POS0.1ppm IR TH 5 C &4 % ATMP+BTA O —— |/ |—
AB&E, B4, 501 ~14ppm ThE+HEWEEE ATMP+BTA+CL" )
ALD, ZOMOBSN FEBHEEORVICLE bDEEZ ATMP+BTA+CI"+S0” | @ | @ ’ ® ‘ e e O
» S 2= A3 ~ - A ~
5N 50, SO&H320~140ppm, HCOs~ #520~140ppm, Y.

C1-#10~120ppm FTh v, * /-EEBEHR13300~1300
pS/cm EEWEHBETETL TV B, BRI N BHER
IR 2R (LEWHESR, B - HEEMES) 3CH
THEH, avr ) - EEEEASOTILH ) HOE
Hick % pH LR A2EET 2 BT, AP pH
DFoN B+ Rk VBREER, AAET I/ by AT
Ly ik Zi Y (ATMP), PSR TVWiESTH
5o BT, MEIHHI W A2MEDH&DHN ChHiEHE
8 (ZnSO. 78, SAEOHEERNE LNV MY TV —
W (BTA) BEAENENTVWARES LV, BEK
Ik Rk ERRBEERIE MR L BB RS2 L, 20
HT RN Lok D BB ICILAI X - TRHEEK
EELI S —2E3CLAHAEEL S, T, FLED
Fer 3, PiEEHIBMOEEBIC L 30 TR, BRI
RINEEE KB E DBEBRTEL B LD EEL BNETH
59,

Boff, (LA S, &2+ vBRYERHOBRME B
HIZKIT B 0 2 OFLAIC T E TIRIMEE2 K E D8I
DWTHEHMSIE 21TV, MERRORO 2B LY,
Bhb, RAWRT LI ICAER ATMP, ZnSO:;, BTA

33

DZFHOKETTOAELEIE, SO OHELED
I, EEpH BEREMRPEART 22L&, CaliE
DOHERICIDEpH THHAARSIIHSNE I EE2H S
wic Lo, —itic, FLBFREERE, EBBEECT
K> fe LB A EAL & HRBMREN ORI, 5 FHITE
3%, SRORICBOTHER6IRT LI, FENE
BLOBEBBMNERTHESGCILRORETZ I EHS
MizE i,

ATMP %4 v e €4~ & LTEEST 2HAO—> i3,
vy ) —RIBEE I BIAT AN Y DEHREICE S
pH LA AMHT 2 Lichb v, $E-T, ATMP OFMN
BABENKE pHOE T 26757, FEOSRF R bic
&b, ATMP, ZnSO:, BTA 0=FHLETTOLIE
MELZE, EpH BABEEETZ &S i
Botee f->T, EBTOKMEICEEL TR, HIEEE
B B ERM B OBFEE S Z [ L ATMP & ZnSO.D &4 O
R ik &Ekxric pH LES® S cBfis 5 BTA
TR A HEMERS N, pH OBERSHLA o



34 T R E &2 B KR

June 1994

0.15
ATMP | BTA 802 Ci-
50 10 18 10
O
— I & ~ >
& olof S~ %gQ*
o i RN Pvs
> | 87
a / \\
L ~
4= I O gf?ﬁ‘%; N
~ | @@ ~
g 0.05 S
B [
- KEA* KEB* KHEC
| 1 1
0 L 3 l | I | ! ' i 1
0 50 100
CafgE  (ppm)
* I ERE
X6 ) EIERKIEED AL T LT L RO

L AL (Ep) B AL (Ec ) B R

WML 1 5, (K pH /KB 5 BTA O8I
T 5EMERICBVWT, TOL D HELEOERPICBY
THHBREBMIFLLETH L EPDHLMIE -
foo T OFERIE, EpHKcB VTS BTA OFRMEF
SERBREOAERICERN S EERBLTWS, L
»L—H7T, RERCHNIRBOFEET 5 T & IidEkT
DN Ed D, & pH th TN RIEEI I R O F
Mg BERENS B, ATMP OHD G & TEMHD
DA b 12 » THEE/KD pH 2ME pH filicd b &n
EZZH6N307TC, EpHAKDBWTSEERERIK
DERT A2EMDH 5 BTAOEHRHEE LA
EDEIDPEILL LD, JETR~N kDT, BiEA
RNy 257 LA TOABEROFEREEMFRL 2 LT, #
Eatgic LBhsERl (BTA) OffFH O LB 2R
I RETH B,

4. MEtE - FEMBRE

4.1 BhEEIN

ZEHENBOBARE R ) BRI P ERR O S
MERY v HBRIEE (A6 ~20mm, WE0.6~1.0
mm, JAE O ~UH) OAE IEEES10~20mm O
WEHBHEL TH 2, TOWEBMOTHRICBLTIER
BRI X 2 REFRERPIRR L TV 5, REHHT
BBEEIC b - TRIERL, BER7 IKfRT
3 & A mE» SR FED » THRERIFCA - Thiatk
FHCHEEITL TR D, HEIRT Y BRI oI5 1S A E
NOFEERZEL TW5, Ehid, #HHEEH A OEIEH
THELU BV, Fi, ENFBEMER, Udbs0E
LI s olES, MIcEER, <dhEMAHEICEH
Uk (7 780 TELBEAEPE W,

) VERBROGTIEEENORBELLTT Vv EST

34

50pm

Lo I A & iz Y o LR EIAE ool 1S Tl

BECHIONTVWS, BEEER Y v BERIE 3@ T
e F Ly THEBE SN TV S, FjaFlicER
XN AYBONRERY» S 7 vE=THRBENGE
EobHY, hs) vRBRONIEERhORAR L
15, FIRORBEBELICE O THE S N BiEE £90°C,
24h OEHF A ISt LB OKESMT LR, 28
D7 vEZTHEBRE SN, —, SRR OFER &

LT, EOREIEHCHMFMIICL A5 s 0SS
BhHiFoh b,

EHEEE NG, BHESSHAERZEO/NS
&Y v BERRE & 5 W ISERRAIE OEHSEYTH O,
F/, T vETHEHEODT OB OERSEE N
5o

4.2 EHWEE

MO Y Ly b —hoHHE Bl E D v
v —~EDAUREE () v RBREAE, A%15~20
mm, HWE0.6~0.8mm, FHE O~KH) KBWT, 2D
FIRP0E I S 1o NER o FA A i 280 EIn
(2 a%n) MEL, ERREDA D SBE TRBIEK
KE -2 =8B TW3, SINMOMHE K S8 i
T &S EERRANEE - TEITLAERENTH O
FE O MBINSIEEA R L T B, T/, ENFEH D

Wiz, H+— 3325 —BAE oo TE LSS
bbb, ZOWoORRNEEEZECHEA L TBD,

TDw, HNEZHERREL BTV bDEELZS
N5, WHBWHEOE ULFERE LT, ZEFERRICAR
EESRE L CWic MRS N TR Y, BEEORIE
DL O R UISTIBEP L TR LT LB 5
Nb, AWE LT, BELBET 2FOMRESBETDH
%,

4.3 FERRIC L DTEMEREER

ITFTAVYEFY) v ya=y bDY F— vV FHICBL
T, BGERHIEE UTMNIC R » A BRERR Lo W



Vol.35 No.l,No.2

AR SR BT IR DR L35 35

8 ZeEMBRECAE I S e ) o RSN AR I g AL

Wrisei o S BRI U T D, WS &
BT EERLTWS, BRI, JEBGEEINIC L~
ERSELHAMELTE YD, MEBEMET LTV,
BREDBE O OFRTRE I LA L 2GS PREN
DIKDBERE Lo BB EMEEE KT L icia TN
R LrcE2 0 EEZL NS,

. & & &
BB TIRBIEE I BT 3EAS I L ARMEROR
HREOHHEBLSATOTMTHD, POZOEKLE
SHEZIZEHODICINTB YD, HEELERN O ERRE

35

WA R AT & - WA o falk ik s
BTPIBVEEZ B, BEINLBEABEST 3L KkOL
ATH 5B,

(1) WoRIRE & « R, UIHIhE O ER

BRik DS
(2) BieEFIsBES¢ 28 S8 I IEE L REEH| DB
FEI OB A SR DFESL

(8) BKBEIFLAE . H—R V7 4 VAOEHE®OHDE
(4) ISR EEN  WiEW 0®EE

B, WNASHEBRAEE BT 2000#& (LiBr)
& BBREE, B ORRE TEENRAA-
BERonhTws, BEGHET TO LiBr O & HE
EHBRDTREVIEPRESNTEDY, oMo
THELET 2,

BB
D feEaric, fooksk, BB - ASK 30 (1989), 123.

2) hE &, EREE, KEATS  BEEN, 4 (1993),
172, 353.  MPRIEEREE, 42 (1993), 558. 3, 33

(1992), 223.

3) WINERE, KEAT, ERREER A5, 25 (1984), L.

4) HoulEk, SRR - REREATRTR AR, 30 (1991), 92.
AEE, 32 (199D, 243.

5 miE %, BAFIE, BEHAS [ELE, 31 (1992), 143.

6) WEHEET . MOEL L BEEE, 40 (1991) 601

T () HAMRv vy - BEREARERENEENEASR,
HRSARCE RS IR A EIES (62488 HD, 33L.

8 EjMesk, BRI, WEES . MRBINPIIAE, 29
(19907, 101.

9) MEBHRA, hBEE, HPMRES  BIVEREHRHERE,

[A-210, 1992 (BHHED].

FoThEsk, KHEAT  HIERARHRY v AP v A, KA

Pr&te (1990).

10



Reprinted from  SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No.R-412 )

=7 1T B

HEESZHEA TV I =Y LB o #5

it M B OE B = E

EREERE T 26X = H B o 58



i 17 & #

HEEBZ BT IV I = LB O

it H FOE B X R

Progress in Aluminium Materials for
Automobile Heat Exchangers

Hiroshi Ikeda and Yoshifusa Shoji

Due to light weight, good conductivity and brazability, aluminium and its alloy has been uti-
lized in automobile heat exchangers. Expansion of manufacturing volume, downsizing and world-
wide service have been achieved based upon many innovations in unit design, brazing process and
materials. In this paper, progress in aluminium materials for automobile heat exchangers corre-
sponding to the improvement of unit design and brazing process are reviewed and also the future
problems to be solved are discussed.

Condenser unit in air-conditioner was changed the design from skived fin to corrugated fin and
is going to be changed again to parallel flow. Evapolator was also changed from plate fin to
drawn cup via corrugated fin. Conventional flux brazing process was replaced with new brazing
technics such as fluxless brazing process and NOCOLOK flux brazing in order to expand manufac-
turing volume. Cathodic protection technics using sacrificial anode has enabled worldwide service
of the heat exchangers preventing pitting perforation in the most aggresive environments. Materi-
als has been studied and developed to improve brazability and corrosion resistance. By addition
of zinc in fin stock, corrosion of tube was able to be successfully prevented except high vaccum
brazing in which zinc sublimated. Fin stocks containing small amount of tin or indium were inves-
tigated instead of zinc added fin in order to apply for high vaccum process. These technics were
also applied to inner clad in radiator tube stock. Titanium added in Al-Mn core of brazing-sheet
for drawn-cup evapolator changed corrosion morphology from pit to lamella, and was effective
to elongate unit life. Sag and erosion by penetration of solder was able to minimized by controling
of process conditions in which re-crystallization of raw materials completed during brazing.

Downsizing will require further improvements in unit design and the tensile strength of materials,
which is currently limited in Al-Mn alloys without magnesium. In order to get higher tensile
strength, addition of magnesium will be necessary, and hence, the break-through in brazing process
will be also important.
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Recent Development of Tube Materials and
Protection ~Anti-fouling Technology of Heat
Exchanger in Power and MSF Desalination Plants

Koji Nagata

This paper reviews the recent 15 years’ development of condenser tubes used for power plants
and MSF desalination plants based on our researchs and experiences. In the 1970’s, copper alloy
condenser tubes were satisfactorily used due to various countermeasures. In particular, Fe ion
injection into cooling sea water and the application of AP bronze tube for polluted sea water
were remarkably effective in reducing leakage rate. At that time, the investigation on the applica-
tion of entire titanium tubes condenser started from technical /economical point of view.

During this 15 years, aluminium brass condenser tubes have been keeping the low level of leak-
age rate due to the application of debris filter preventing the ingress of foreign matters which
are causes of local erosion corrosion left as the only unsettled corrosion problem. As high reliable
tubes, APTF (Artificial Protective Film) tube and ultra-thin titanium clad tube have been success-
fully developed, mainly for the replacement of existing tubes. MAC (Monitering and Control)
system was investigated using model condenser to keep the performance of both polarization re-
sistance and heat transfer rate in the optimum region. To apply MAC system to actual condenser,
more advanced sponge ball cleaning system is expected to be developed.

Titanium tubes condenser for practical application started in 1979 and is increasing for not only
a nuclear but also a fossil power plant due to high reliability and easy maintenance. In 1993, 19
units in nuclear power plants and 16 units in fossil power plants are put into operation in Japan.
All 17 nuclear power plants operated from 1985 have titanium tubes condenser. Some model con-
denser tests have made clear that newly developed granurate ball cleaning method is recommended
to keep high heat transfer rate of titanium condenser tube even in nonchlorinated sea water.

This paper describes the corrosion failures rarely experienced in a MSF desalination plant and
the trend of tube material selection of heat exchanger tubes based on recent commercial inquiry.
Pitting corrosion is found on outside of aluminium brass tubes used in the non-condensing gas
cooling zone of high temperature in heat recovery section. This failure is estimated to be due to
the insufficient deaeration of circulating brine and the air ingress during repeatedly shut down.
Pitting corrosion of Yorcoron tube and local erosion corrosion of 90—10 cupronickel tube used in
the heat rejection section were experienced. Pitting corrosion is related to the existence of harmful
film, so-called carbonaceous film, formed during annealing process in the mill and local erosion
corrosion is due to the blockage of foreign matters in sulfide polluted sea water. As the most reli-
able tube material selection in a MSF desalination plant, Yorcorn tube in the brine heater, 90—10
cupronickel ~aluminium brass tube in the heat recovery and titanium tube in the heat rejection
are recommended.
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Gas Chromatograph-Mass Spectrometer and its
Applications to the Analysis of Lubricating Oils

Michiyo Niwa and Masaya Imai

Gas Chromatograph-Mass Spectrometer (GC-MS) is the instrument that GC is combined with
MS. GC-MS analysis is the most powerful analytical technique for the detection, identification

and quantification of organic compounds. GC separates organic compounds into individual com-

ponents. Each component is ionized by electron impact at the ionization room of MS to form mo-

lecular and fragment ions. These ions are separated by the electromagnetic method, and mass

spectra are obtained. The mass spectra give information about the chemical structures of the or-

ganic compounds.

In our Technical Research Laboratories, GC-MS is recently used for analyzing lubricating oils,

paints and adhesive agents. In this paper we deal with the principle, characteristics and applica-

tions of GC-MS.

1. @ C & IC

W, A LERARES T OB & klE, &
kL BRI EOEA FALEYE R & T 55T
LT3, TNSESTONTICE, —RRESERI T
KHW SN TV 2 ZEREMEPER SN TV S, &
NS DEERATERIE, B U B & B RER 2 E
L TWicfbFESI I, Srod /it ddfbe &b
oA E R L, HHOMB/RZOETEN TS
fobic, FORENIKEL B -TELY, ZOHTH R
~7 NVERIY 2 EEREOTEE, WEOFHEE
RN A HEE LT, TORHEOMIIcHES L, B
B, 27 bVIC R BEBERTFED S B, ROAVT
H2Z0F, wZXZ~<~2 b (Mass Spectrum) & K%
SigLg 2 <7 b+ v (Nuclear Magnetic Resonance Spec-
trum) TH 5%,

WEARFER T, F 7 o< b7 5 7-(MERE)
BE5SHEF (Gas Chromatograph-Mass Spectrometer ;
GC-MS) WBSMTEEZER L /oY 27 L ZEA L1,
TITR, GC-MSOFEHEEEY, RUZOEEY AT
L DRSNS SRR W TR 5,

* BB AT LR TEIR

103

2. HESHORE

TR, WESTA b 0HETA 4 AEL,
BRIGHI : CIER F O RN ER L (n/z; m =
EPEREG TR L ER, ¢ =B K& 5%
B R EFIA L THEL, WESTOERSHTR
DAY B AR LD OFRTH 5, R
SR O A ESPIORB RO EB D TH BY,

[EUREBAS] — [1 4 L8] — [« & v —

EERZ T I

BE oML, KEOBAL, S A 4 v ORI
BZECTEEZE (107°PallF) BEREINZIETH
%4

2.1 HEOHEA

HEEHIA A LB LT, —BicrRibltwa T
DBPHET, REOFBEE LTREEEZRZ LY, Eikd 3
WHRETH > THEILTE 3 D THNITEE LK
BAEBEIHOCTHERITY CEMNTEL, TOEEL
LT, BEEREEARDPHZRZ o< 75 7 (Gas Chro-
matograph ; GC) BEFEBEARYH 5,



104

R B &R B R

June 1994

2.2 A F 4tk

HESHECBLTE, hESFPRFRRE ST,
A4 viEdskiiahs iy, BRbosTEEA 4 v
b4 2h58e LTEAOHEMAVLNTVWS, £0h
ORFH 2 FHHEIZD>VTIER B,

2.2.1 BFEEA 4 1t (Electron impact loniza-

tion ; EI) ik

El GO —BHNRHETH 5, T OBHEERK®
=R 1I1CiRd,

BHEETTA 4 LBk DA hic i RIROBEE D
F M) T, 7434V M—ED (110 BE%E
PR RE T ABETAERSE LItk D, K
B0 o | HogNRETIEshT, BElaFo0
SHFBREELVEEEE>OT M1 4 v (Molecular
lon) BHEL B, COHFAAF v iE, TFHREOE T~
DAFYSIHNERY, EBMESTETERFE->TW
50T, TOHTFRPLHBERNC+E - 2T T, M*
& —fRITIRT 9,

HET
M — (M")+e

ﬁ%kA%®4fymI?w¥—mW%%VT%5
, WH 706V DA & LBFEEAHVS D HERR L
tﬁ?%i/dﬁ%®lzw# 2HT 5, BREOD T x
WE—ERFSkDFAF Y M id, BEOFHVIRST
BRLT, BEBAAVYTHE375 74 44
(Pragment lIon) 240 %, CO75 AV b 4 V%
T 28B%E7 57 4 57— a v (Fragmentation)
EWnAH, 70eV O EIETERT 2 MM EOHNE T
WE—EEFTBHIDI, BOTRELZTIIIAYF—Va

VIRESTERD 77 AV v A A v EBZ, WEICE -
THMTPBRHENECEENH 5, TOX DA
i, A4 LA VF—%20eVELT, V7 MEAA
Mbick 7572 vsF—vavalHLT, M7 O
BthzBR T 214 {bEEHVWE L b H B,

‘-9

‘-‘7

[P = g
Loy BE

L XERE

r:‘—l 11

# IR SERRE A
HHaF @ ﬂ.t@ ——-P—P

A A ALE I % % %

(BEZE)

@%%%i
~
ILZbAIRT

(N#BEFiizL s to
JL 2 5 BREIZE AN,

(2)1 Fibant=H=
Ko >3t

1A ALE 5 DR BHIZE > TE &2
H2ROEF S F L BR h, SBEERICEBAEND,

LT, 1A &S ED,

1 ELERICE 28B4+ 4P

104

El kO & LIT TR T,

(1) 75 7AY M AVEEDTSIAYF—Y 3V
2y — v OFFNTIC & DAL RERE OHEE K CYVE DIEIRE A
T&E 5B,

9 DFAFYE-7OHEE (FAA VY MY) b
PTEPPETE S,

2.2.2 {k¥A F 4t (Chemical lonization ; CI) ik

ClERY 7 b AR VLEEDO—2TH B, BUEH R
EREN B HATBOSEEA 4 V{LERIKEALT, B
FHEBETA A LT B, CORGHT ALORELILER
DRIGEHT A A & vEPNERSFLHEEL, 14 —-0F
FiGERT LTERESFEA 4 vbE 83, RGN R
3, AVIyy, Avy, TYEZTREBHVWLNA,

4V Ty v BBETFICLORIEH 24 4 v & LTtert-
C:He* A4 L, KT M) ERIGL THSF1 4

v (Quasi-Molecular Ion ; QM*) 24U %, CIEIGT
id, 7ot roffmn KIEA 2Ok UKEDT &k
Xt -T, HBEOTH»O QMY - (MEH)TA4EU 5758
QM*REIETO MY L RERY, BHEEF 2R H>E
EBAXVTHD, 7572 A4 v QDI VBRI
TRAARYT P ADBE LN, ATROBRELEYNTH 5,

Cl DA LI T ICRTY,

) BSFA 4y QMAIC LD EIETHF A4 v M”T
BREENE VLSBT TLATROMENTE 5,

) WEOWBIHE L oA A VLD DRIGH R D
BIRBTE 5,

2.3 AFXVOHBELEE - B8]

4 & v OEETEE LT, WEE & PSR B 0,
Z T RMMEBREERESWE (Quadrupole Mass Spec-
trometer) OEBAAHHEICOVWTIRNS,

PUBRREVE BOTEHE, 19534 ICBEFE & i ELI R pE
HOHFLWEDOTH B, #ofER, BEHEEEZLL
A XD GBHOBHREWTICHEFL DO T, B
PR 2 1ZiR T,

X3 5 2 WoWBFERBMOZ 421t (U+V cosw i)
DOEREBIT U L BRANETE Veoswt #MA 5, ZOE
o & - TEBBRICER s N 3BENTE, AR LKA
AV iE x Wiy AN RE U2 S 2 5 I T

LTir, 22T, BERBEU EEEEEE VoL U
SV aESB—EMICEE LA 4 v BB EE
EIEBRTE, ThRERRITRT & 5 HERIEED T,

17+ 1= — M E BB M 2g
)
Q-
J
y
™~ (U + Vcoswt) X‘ I
z

~~e — (U Vcoswt)

B2 DB ST OB



Vol.35 No.1,No.2

HRr7uaw 757 EESWEZ OB~ OIEH 105

m=0.14 X

\%
et f2
m: 14 vOHRE, V. EEEEE,
f: B (MHz), ro - K9 2 MR EREE
FR»S, 14 vOEEm EERKE TViK%%
BRich v, EROBEETE, AEKSE2—E &
BWEL VAEAE{LsEE T & i@ﬁ%%§%¢5o
1A v m 2 l:'ﬁév’(ﬁ%é}%‘ﬁéﬂtﬁé, TV bhao
VINFFIA Y~k D BRUCHEEINT, 14
VBB m,/  OEBICESBE NS ARSI P BES
N3,
MEBRMNERSITET OB E LI TIRTY,
(1) SRR
2) BEEESE
3 m T RboTEE— /R
4) AEINES L,
Pl X5 1aEH» S, MERMEESETEGC O
BHEBRELTHVYSA, [HFR7 o< 057 -HES
et (GC-MS)J & LTEKRLTWS,

3. MALIKESVRTLDERIEBOHE

TRARY VR T RTODWEEES A U AR
HoBLEERERESZ, B—lHd 55 3O
FIBELTWEY, L, s 2&0E 0= X
AR MNVTE, ZEROBHRVELDE > TR0
HwkHiz, b&OBRSERET 20 REHT, BE
oStk e L TREENE L -, 22T, BEAYOD

SEECENT GC LOREEMBEA OGN, HA7uw T
57E%ﬁﬁﬁﬁ%%énto%®&m”%ﬁﬁ%§
& (Pyrolyzer ; Pyr) ®ZFERAFERE (Thermograv-
imetric Analyzer ; TG) &#EF L IEASY X F 08
5o

3.1 GC-MS

GC-MS iE MS OF AL GC O A 7 A HO A B
BlLizboT, HRah TV aELEL, ECHAS
NTW3, 0 GC-MS OESRERNY =K 3 IT/RT,
GC ORBEAOL S A - Bk I 5 &4 TH—KRSD
WATEE S iR, NERA A VLRI BAI NG, TIT,
4 & b BEEMER TS s Wb iF o h, BRE
DRERILBA A VBRACHBHEINT T A AT b DG
bNhd, &5, TRARY PVOEBHERICBLT,
BIEESNIcm 204+ VBEORFNICHYST 2481 4
vE%E, GCORRRHICLTTay b LT+ — b
Zh—%A4 A vy7o<w b 735 A (Total Ion Chro-
matogram ; TIC) &9, Thid, GC OKEEKA A
ARBRHBRTEBONEZ R 7 o< b 75 LML TY
B, #OMz, TICRUFTARRI P AVDF -4 % b &
IEED m/ 2z 2R L, GC oEEEE LT,
ElLlzm/ 2044 vigE% 7oy LX< b
"5 5 (Mass Chromatogram ; MC) 2 {Eik 4 5 < 2 7
o b7 4~k BETETE S, MCZHV 5%
T, GCRXBNDENATLETE-IDBELLAE-
TWAEETH, &2 OB EENIIm 2 -
TV, {LEYDOIEESTIREL 72 5,

P EEFCEESITcBE T 2 HETH 50, FEDE

=t
l HAxsn -
whNTSTD HE ot D—JAF—3 3>
LS IALibE L XEE NEREE 1R ER
TRt —
L_+_J BTL . ==
JEIE FI18
e ®
%83 _ F—smn
REWGEIH) :ﬁ‘%%@%%ﬁ i 1 7r/ﬂ: 1 B WHLT 1A B
| ( CE-5—) DI
E : :® . | A ALEDS o o
! ! E : T e E ‘?
: : E ! ,' o o
\ : ' 2
o : = I l '
HE—BS JF142, 7554 (8 EE/ B (EL)
A DER VARAARS L
&4 F RN

RIFEEE
Nl 75 G i /A u vl S N

3 GC-MSHERBE™

105



106

T R B 2B B8

June 1994

FELlem/ z%588ELTEDA 4 VIBELRAET 5 #IR
44vE=41) v (Selected lon Monitoring ; SIM)
X BERDITBTE B,

B4 4 i< MBFZEET TR O 6REEEYERRTER GC-MS-QP1000
EX oA 2R, X512, F+ 11T GC-MS-QP1000EX
DOEARMEREERT o

4 ® GC-MS-QP1000EX @ GC#fici, F++E¥3J Y
# % & (B4 Open tubular column) & %v 7 FA 5
LOTH O HETH B, F+ES VAT LT
MS O A & v EERESEASNE, Ny I VAT
ATEHGCEMSDA VI —T2—RILV 2w b/ —
Z—mb0, Fv)THRO—EHBBEEINE, BB
DA A VIRICEAIN D, F7, EERREEALSARE
T, Tuo—TEMBLTVE, 14 4k T0eV 5 5
WiZ 20eV O Bl EE, RUA VT vick B CliENSH
Thb, 44 v ONERPINEBREER VT, HREES
Wk BEMMTE, SIMIC X BZERMTPHEETH 5,

BONITAARY P NVOBWERELT, 51475
) —RFTI X BIAMORIENITTOND, 7475 Y —
BBCHVWLNTVAT AR M UVF—FDI4 75
1} —13, KE NIST (National Institute of Standards
and Technology) #5thils & 72 » THERL L 72 NIST /EPA

SNIH/MSDC ¥ — 4 X=X TH 5% 5475 -
Fl, RABBOTARRI PV ESA TS ) —POE
T ZR<7 P VERKLT, EUEOEVEES -5
BRUHIREFET, BUEoSVwsOr ISR,
FEEEOREICH B s 5,

3.2 Pyr-GC-MS

Pyr (Pyrolysis ; ##)-GC-MS #id, HEOEE
ZEEED H ZABPFRF T, ERWIAIE 600°C) THEHRRIC
B 7o & XK T 24 OBNBEBYE, AV 5
4 v TGCIEA, HEEL, e 0HHRSD< A AR
7 M5, TEOREO{LERE E TS 55T %o
EAT LAY OEE MBS, MiiEEo++ 77 5
) E— v s VORNMREFOMIHL S HAVONT
L\ Z)l()) 11)0

W OB REE (WEERETE Pyr-1A) 13,
* v U 7 H ZUAN OBNRFHK OB TRET, A
LicH 2 M4 77T GCRALBICEBEEATE,
Pyr-GC-MS & LTHW3,

3.3 REE-HEERBSH (TG-MS)

#HER HERBEOREE, TGIKMSZERL T,
mEeE oS O BRI EER, HE» oFET BN
2 DBEEEBYT 2 HETH D, FAOMMAEREL
TMSZHWADT, REAAZEREICKRETE %,
¥, TGHODFEENZENSy T LK 799 Va
E— b LTGC-MSITEA LT % TG-Trap-GC-MS
WS, FEN ZODIEVRRATICAYTH B, EET
N0 TGMS #id, BOMERICERCHREET L L0
fRfricRlEE TV B,

MITEFR TEREEA L - EEERHR O Soh EE
(TG-DTA-TAS300) & A ZH v 75 —i3, TG OHKE
LTOREN AWEEITS T EBTE, 5465 7HD
BOWT S s 5, BEFZE, GCHIKEN S 4
B MS~NEHEEAL, BOTo#TE Y T4 A
THHTT 5 Direct Mode &, 4 F + VR IVOBHINS &
T/S75y o= b EREBALTGCMSIKEAL, #
BFE A 2B L 72 Trap Mode @ 2 HEMSHRET

4  GC-MS-QP1000EX® %5,
x£1 GC-MS-QPI000EX DAk
E R m/z : 10~1000
e E R 10~1000amu/0.5s, 0.2s/50~450amu (#2Y & LERE)
173::3 FrEZVATL El xF V257 L —F 100pg M" =208 S/N>100
Cl AFNAFTL— 1t 100pg M™ =209 S/N>100
Ny J K5 H A El #FWVXFT7L—F Ilng M"™ =298 S/N>100
Cl #FV2F7L—F Ing M" =299 S/N>100
SEHE IM
SIM 8F ¢ YAAXEA & Y2y b (RRUOF + ¥ F)

106



Vol.35 No.1,No.2

ARy B= b5 7 - BRI & Z OB~ DI 107

4. BBBESITANOLRM
MR O GC-MS R U O#EE& Y 27 L2 AWV
o BLERIC & A~ O IGRFI & DT R 39,
4.1 GC-MSIC & 3 HiBHRDKRSEN
H BN THEEMORS %@ 2 /cd i, GC-MS
D AT -0 BoNI TIC 25 (@) ITRT, K5 (a)
TRHEENAEBE I DT AARY b VERBITLIZEC
%, m/z=5TKk0m, z=159D 7 S 7 A v b & V3
oo, 227, BbM),@KKm z=51kUm
/2 =159D MC %7~kd, B5 (0),() kb, <O
i3 2 O RIEFIRS 0 SRR E N TV B I &SRS
Nice A5 m/ 2=5T0D7 55 A v A& vEET

1200000

(a) TIC
1000000 -

800000 A

600000

400000

A % (arb.u.)

200000 -

04 T
300000

(b) m/z=57

200000 4

4 # > 5RE  (arb.u.)

100000 4

80000
(¢) m/z=159

60000 -

40000

A # > 58E  (arb.u.)

20000 A

0 o

5 10 15 20
¥R (min)

5 EWmoTICRUMC

HbaWE, —RRICNT 7 4 VETH D, THHDE—
gk, n-57 4 VEEHGEHE LD X7 MILDL
Btk b, {E—7 ORBEET- o

—H, m =107 55 A v b A& v EET B
B, »IEDRRNS{LEYETH L LB TFEIN
fzo —HEMIICREBEFULEY R TWELE LT, I8l
EZONBDT, A7YVNEBHPORFT Y VBEETDT
YNVEIHYE T B m, 2O MCAR6ICRT, K6 D
MC O&Z Y — 7 OFRIEE (BITRT &95) 3, H5
@or—27ORTICHIGEL, 427V LVEE (n/z=
12D o577 Y B (n/2=27) £ TO7 vILE
EETAIEYTH L EBHO I T, TNHD
L&, fBiigrz 25 EsL, 7572V A&
vELTm/ 2 =43k U m,/ 2=159% 49 5 —HRILHE L
g E b (LEYTh B LR E N, 2T T, BB
WBWT, KA A4 Vg AE/Rd RT=14.0lmin ® ¥ —
7De AT FVERT (@ADL, £ OBBNE
STAY AT Y ORBREREER 8 ITRT,

8 L0, RT=14.01min D{b&YE, 1,2-form & 3
Wid1,3-form D1,2,3-Propanetriol diacetate (BLF ¥
TEFUETE) ORRIGET VI —AE—OHEE 5 v
) vERDS T X 5 VEEE LI ALEY T H 52,3-Bis-(acetyl-
oxy) propyl dodecanocate % W i3 2- (Acetyloxy) -1-
(acetyloxy)methyl dodecanoate (LA TFili{t&¥%: v 7
ErIvYvETR) EEZ LN, £ITC, HEROK
HILTTERNIY Y VEEYEO T AR Vv ERITE
L, 7 0)LMG-ACZ/R L1z, 7 (@), (b)O<w X R
~7 P MFEE-FELZZE LY, BL(©DRT=14.01
min -2, V7eF IS BB XFVE
GLEYTENS DY Vv TH D EHEREIN, FRCE
5)DZOMDOE— 2 DRFBEEITV, 77V VML
257 ) YERETOIENEL, YT7eF i AT VE
L Ny YRy FEWEEE, 7Y ) FT7EF L
1) ERES Nz,

107

RIFEFR)  (min)

§ MEiREO T 2L MC

30000
183
3 20000 127
©
g 211
i 155 9
B
B 239
% 100001 (3
R
! 1
11 1
' . e
i J TS J "
0 . ,
5 10 15 20



108 T R B &€ B B B June 1994
80000 m/z=43 ®COCH,
(a) OlL
43
H,0COCH, CH,0COCH,
3 600001 m/z=159 GHOCOCH, or ®CH
5 &CH, CH,0COCH,
1 40000+ x30 m/z=183 BCO(CH,),.CH, (5 ) > BD 7 < L)
AN 159
227
& 57 e 183 285 m/z=213 ®CH,OCO(CH,),,CH,
269 ®CHOCOCH or CH,0COCH
' m/z=285 I 3 &/ 2 3
ol Ll ML CH,-OCO(CH,),,CH, OCH-OCO(CH,),,CH,
20 100 200 300
80000
(b) LMG-AC § <227} WMRT=14.01lmin)"»
43 TR A F e DIRE
< 60000 -
Kol
< 159 PLoREEREEE EHTRIWRT,
B 400001 |5 19 COMTEEREE, YTer50 ) vEERS LT
N 98 BrYSYRYFE, FEIFHY, RVIFAVEE
N 84 B 5557 4 VD 515 T EDT BT 7,
20000+ 4.2 Pyr-GC-MS
S D Edtils 2 485 L 7o Pyr-GC-MS T X 2 88 Hlt {e
oL AAk bl (LIl JILERL L] HMOELBEGAT, 600°CTORMRIC & 0 FET 5 47

20

=17

A A LIEE (arbu)

100 200 300 ZDDFELT - Too FEHN ZAHESMHE LT, —HIS
m/z S HSHREN S & &, KBEELAYSTRA S &
D EEAE W T 2TV, FOREREABR0E BN
M HTICHRT =14.01 min KU 7 , AL T RS RERI0RUR
k7Y L EEmE (LMG-AC) o TR
PAANRT bV
1200000
1000000-. n-CiHs | n-CiH, Cio
800000 7 CicHas
600000 cH n-Ci;Hs
. 16t 134
400000 (8) N nCistss Cis
] N
- n-C5H Cs C
200000 . 13 2s| Ll 8 10 Cis Cu
0 —ly . - ..JLJ./ , .
5 10 15 20

RIFEER  (min)

N-CrHomyz | EHHBFNRIEKE, CnHonss i HMEARBRILKE
Co:BERFBEE / 2V £ ) K72 FL1E4(, : ISR R

B) Ci T P57 CrHyuOs MW=358
(IDHZOCOCH3 CH,0COCH,
or |
?HOCOCH3 CH—-OCO(CH,),,CH,4
|
CH,~0CO(CH,),,CH,4 CH,0COCH,

]

T R 5 I

108



Vo0l.35 No.1,No.2

ARy a= 757 - RN & E OB~ DI

4000000
B AL ATE(=C,)
3000000
3
g
< R TRAAL KT, <o
# 2000000
ﬂ
AN
IN
N
1000000 +
0
0

RFFEER (min)

R0 $HE Mk oOPyr-GC-MSIz & 5 #h57if B TIC

RS ET X b, SERIKRE~xyEY
P VI EDFERCEYEERKT 2 I LR
Nio TOFBEBRACEYIOFED, BrfErE D4R
B4z LhHllsh, SENEICERE T s EEERREE
ERE S A2REOMIIICHS Uis, BRIk RS
BHZADHFETY, HBHOBRSBEGHZHS ML
T, TORFFHEOHEEMTIFEICIS - 72,

5. & H VY (T
GC-MS RUZ D&Y AF LOBEAK KD, HIEMH,
Bl BEES & OBERILEY O KRS FEIE PR
HREIC TS -t S, (LAYOBMMEEDF + 57 4
D ¥ = e v, BSMBERIGHERES SICBT 2 IFSRICIER
HATE3LEbhb,

109

109
3000000
1V TFL
S 2000000+ Ry STy
N AR A% 2z
™ 2-XFIN-1-TF
8 2-AFN2-TF
A
T T
< . — .
N 1000000 ALTE K S AT
RILLT s
Inze ¥ /
0 T T
0 10 20 30
REFREE (min)
i1 g ammnmoPyr-GC-MSIZ L % s i3 sk s n TIC

BEH

1) BASHLESINTIBR - BBImSWAPT, TR (1986),
201.

UN#EE], 8REA, MRk, ABIEH AR PV E
HEAT 2EHRERNW, #EHd 1982, 1

FlZE, 7AxAN=a—2Z, No.b5, (1993).

RS Bl RRRT bOoX bU—-APY, kit
(1981), 3.

BPRIIERS, U - BRSO TUE (MAWETHO,
{bEELA (1989),63.
+EBH—: GC-MS & ZDMHE, ikt (1989, 35 115
BiAE, WESOED GC/MS#HETE&F+ 2+, (1992.
8) B GC-MS-QPI000EX # # o 7', C146-0029.

9 £FMEB, /IREE : SAES, 10 (1992), 38.
10) #aHE %, KB B BOTFORSMEHRIOT NS T 4 —
BEERELUF-5&E, 777 274 (1989, 30.
SBEXH, EBMEZ  The TRC News, 36 (1991), 24.
AUnh—E, 8 R BERETY v -5,
3 (199D, 21.
13) FFLER . RAR

2)

L))
D

5)

6)
)

1D
12



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. R-415)

2 17 & &

L — 4 — B/ BELRR E SR E T &
ZTDEET O v X~NDIEH

I 1 A

ErRBEERE LEKASHLEHEM



17 117 & ¥

L — % — Bl /Bl BE o A R i &
ZDBE S0 ANDIRA

e OR W osL”

Laser Scattering Particle-Size Distribution Analyzer
and its Applications to the Production Processes

Yasuhiro Hosomi

In the chemical industry and the high-teck fields such as magnetic disks and rare earths, various

particles are used as raw materials or final products. For improving production yield and quality

control, the measurement of particle size distribution has recently been of increasing importance.

In this review we explain the structure, measuring principle and performance of our laser scatter-

ing particle-size distribution analyzer, Horiba Model LA-700. We also introduce some practical ex-

amples of our measurements for such applications as hot rolling lubricants for aluminium and

polishing powders used for aluminium substrates of magnetic disks.
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