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Development of the Oxygen-enriched Radiative Heat Transfer-Type
Combustion Burner using Self-induced Oscillation

*
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We have developed the novel oxygen-enriched burner using self-induced oscillating phenomenon of jet

flow which have excellent radiation heat transfer characteristics. We revealed the flame property suitable

for radiation heat transfer is obtained by extending the oscillation cycle. Optimizing burner structure, we

get stable oscillating flame on 1 second-oscillation cycle. In addition, combining multi-staged combustion

technology, the burner can improve heat transfer efficiency by 9.1 % compared with conventional

oxygen-enriched burner. We confirmed that the burner has low NOx emission level below 55 ppm.
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Fig.1 Schematic drawing of nozzle structure for
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Fig.4 Schematic drawing of experimental furnace
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Table 1 Experimental conditions
Connecting tube Forced oscillation
Fuel LPG
Fuel flow rate 8 Nm’,h
Oxygen ratio 1.05
Oxygen conc. in oxidant 40 vol%
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Table 2 Experimental condition

Diameter of 0.93D,

connecting tube D¢y 1.43D,
1.60D

Fuel LPG

Fuel flow rate 8 Nm®,h

Oxygen ratio 1.05

Oxygen conc. in oxidant 40 vol%

*Der=0.93D
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Fig.7 Relationship between connecting tube

length and oscillation cycle
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diameter and oscillation cycle
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Table 3 Experimental condition

Case No. = 2 3 4 53 6

Fuel (LPG)
Fuel flow rate [Nm>,h] 13 13 13 13 13 13

1st oxidant

0, flow ratio™ [vol%] 100 30 10 5 5 5

0O, conc. [vol%] 40 40 40 40 40 40
2nd oxidant

O, flow ratio [vol%] - 70 90 57 57 57
O, conc. [vol%] - 40 40 60 60 60
3rd oxidant

O, flow ratio [vol%] - - - 38 38 38
0O, conc. [vol%] - - - 30 30 30

Velocity™ [-] - - - 10 20 37

*I Tn case 1, conventional burner which forms steady
straight flame is used.

"2 0, flow ratio of each nozzles when the total O, flow rate
is 100.
*3 Velocity ratio of 3rd oxidant in each cases when the

velocity in case 4 is 1.0.
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Table 5 Effect of multi-staged oxidant
(heat transfer efficiency)

Case 2nd oxidant Heat transfer efficiency
No flow ratio [vol%] n[%]
1 0 46.0
2 70 48.5
3 90 48.7
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Fig.11 Effect of 2nd oxidant (heat transfer distributions)
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Fig.12 Effect of multi-staged oxidant
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Table 6 NOx concentration

Case NOx
No. [ppm, 11 %0,]
4 54.5
61.7
6 61.4
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Development of Deuterated Phosphorescence Probe

2 o BF
SUGIYAMA Yoko

A VDT LEERE WA A= 70, RREERETY Atam TRt 2RI L, Akt
THOMEE Y LIRBERE CTHLIRAZRINVICHRE T2 OTE2H LWHIFTHS, A
WOEAZ D AT n—T LIRS, B FOBEEZEZD & A ) U0 LKL, EREEED X
WITRAMFIIC Y AR R T 2 ENTE D,

LAl & 0 B EL OFCATBIBHIE D438 CA U 0 LA D EKFEY OkFEE EARRICE E#
25T L) ITED Y AERTIER@)DH LY ANH () DEFMLIETRE ShTE 2,
ARTIEV AT =T OMRE M LIS AME LTA U Py AEERPOEAKIZIC
#EH Lz,

AR EF K E 2T 5 Ir(btp)acac; (Bis[2-(2’-benzothienyl)-pyridinato-N,C3”](acetylacetonato)
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We have been studying a nobel optical imaging technique using irridium complex as phosphorescent
probe. Phosphorescence is quenched by oxygen then hypoxia region such as cancers exhibite
phoshorescent. With specific structure of the ligand, the iridium complex can show phosphorescence in the
near-infrared region. However molecular design to improve emmittiong performance is difficult without
keeping basic structure of the ligand.

In the field of OLED, increase of luminous efficiency by substrating hydrogen in ligand to deuterium are
reported"” ?. We examined the improvement of emission performance by deuteration on an iridium
complex.

In this study, we focused Ir(btp),acac; (Bis[2-(2’-benzothienyl)-pyridinato-N,C3’](acetylacetonato) iridium).

We prepared three patterns of deuterated complexes and compared to non-deuterated complexes.
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Fig.1 Chemical structure of Ir(btp),acac.
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Fig.2 Chemical structures of Ir(btp-dx),acac (x=8, 4py, 4bt). 9
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Scheme 1 Synthesis of btp-d,py.

2-Bromopyridine-d; & Benzo[b]thiophene-2-boronic
acid (2, Ethanol-OD, Toluene, Tetrakis(triphenyl
phosphine) palladium(0), Sodium carbonate % H /K IZ
VMR U TR 2 N A B LTz, Ar RIS C©—
BENBOER L7z, EiRICmAER, EREMAT,
Chloroform % AFUIR G % Yeif LiRHME Rz [E L 7=,
VUMK T LT aw T T T ¢ —[JRBEEE
Chloroform (100)] CH# L By K & 1572,
(BISILR 94.1%, BEKFEEF>99 atom%D)
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Scheme 2 Synthesis of Ir(btp-dspy),acac.
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(BRI 23.1 %, H/KFEA{LH>99 atom%D)
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6.84—6.80(m), 6.18 — 6.16(m), 5.35, 5.30, 1.81

Ir(btp-dg),acac I%, 2-Bromopyridine-dy &
Benzo[b]thiophene-2-boronic acid-ds & H V> T [Al 4%
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Ir(btp-d,sbt),acac 1%, 2-Bromopyridine &
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WA LTz,
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3.1 FEAFEFHE
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Ir(btp-d4bt),acac D IEARAIRFENFFEL LT,
THF(tetrahydrofuran) ¥, i T TORIL AT |
WV, DANART bV, D AR TIE (@), Y
AR () DREE LT,
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Fig.3 Absorption and phosphorescence spectra of

Ir(btp-dx)jacac (x=0, 4py).

-10-

KI5 HEER#R No.36 (2017)

@, & Vg, & 2 I 2 st 5O i IR E 3
KO0 AR AR D IRE LT, R % Table 1
W29,

Table 1 Photophysical parameters of Ir(btp-dx),acac
in THF at room temperature under degassed

condition (x=0, 8, 4py, 4bt).

Compoud i) T g,y Tncreaserate Tnereaserate
/1T Jatiitd § s 01 Wy 170 0L 1,770
Ir(btp),acac 486 616 032 571 -
Ir(btp-dg),acac 486 616 047 821 47 44
Ir(btp-d,py),acac 486 616 043 748 34 31
Ir(btp-d;bt),acac 486 616 035 6.1l 9.3 7.0

®,, 7, I& Ir(btp)racac & ELIEITLLIET D &, kb
HED B o T AL EWITT N TEAKEL LT
Ir(btp-ds),acac T, fix K 40 %L LD MEEER L& 78—
oo BV UNEDREBRIRICE KR LT
Ir(btp-dspy),acac T b e K 30 %LL L oMERER L3
B STz, BEARFEEALIC K 2 FMERE D 22 R
MWETLBLZERHELN ST,

ERoo,, 7,705, (1), XQ)EFHNTH AKX
RO ST R TE R (), MR SO SR T TR TE B (s )
EHEH L, fR% Table 2 127577,

L Py I Sk 0 SEESUIPAN .
Kp—T (1) "iSC = \\yiSC ~ 1) <-+(2)
T 7,

k, TIEEARFMICLDZERITITTEC 1o
Too AU IGEREERTH D k.’ TIE,
Ir(btp),acac & i35 & X CHEAKFEL L
Ir(btp-dg),acac T K 45 %, Ir(btp-dspy)racac Tl
36 %l Lz, EARLT 2 Z & TS RIER
BEMHITHZENTELENVZ D,

Table 2 Kinetic parameters of Ir(btp-dx),acac
in THF at room temperature under degassed

condition (x=0, 8, 4py, 4bt).

Decrease rate

Compound by 110351 ki /103571 of kel 1%
Ir(btp),acac 0.56 1.19 -
Ir(btp-dg),acac 0.57 0.65 45
Ir(btp-d,py)-acac 0.58 0.76 36
Ir(btp-d,bt)-acac 0.57 1.06 11

FEAKRFEOED[E U SR Ir(btp-dspy)sacac & Ir(btp-
dibt)acac Z LT 5 &, @, & 7, OIEIZENHT-,
v U R FEAKFE LT bp-dpy DI, N2
Y F = V& BEKFE LT btp-dsbt Z AL T &
LTHWD LY, Fottsom IR TH -
7

—RITA Y DT LR AT LA E D
SHECAL -~ D& 7 #% *MLCT(metal to ligand
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Development of analysis system for trace moisture with metal organic framework
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The study on Reaction Mechanism of Atomic Layer Deposition to form thin films
using Dichlorosilane and Hexachlorodisilane

Fom B A
MURATA Hayato

1. [FLC®HIC

YU arEfl (SiN) 8L, Fin FET #&ED0 A R
=, WHARAE Y OB N—ERL K T LR —
=T DA — A EREAR T N ZBGE TN
TS FEREh T3,

WA, MR THME & bic, KIR (e.g. 450-600
°C) TP OBZEWEMERAF 72 SIN B sk Bl 23
ZLENTWDE, TOHT, JFEHEREE (Atomic
Layer Deposition:ALD) AV pliifir & L CTHHE &
hcTnz b,

IRETHRLE, kD VU kR (SR
L L THWLRNTUVWD SiH,Cl, (Dichlorosilane : DCS)
L RF—Tx U TFAT I T (BTBAS) O
SiN-ALD BHERE M 722 & GBS A = X K220 T
BEtLT&= D Y,

AKFETIE, Si,Clg (Hexachlorodisilane : HCDS) O
SiN-ALD FRlBEAENE, 7 b N FDORIEA D= A L%
DCS DA L g L, KIBAE~DOF A2 KR L
=D TRITT 5,

2. RBEEBLUVHERE

SiN-ALD i, TITRTEREEREZHWT
1T o 7o, BARBIIEE RPN RRE L7z Si Bk k-
{2 HCDS,/NH; % 72 1% DCS,/NH; % i\ Tl % 1
&7, ALD Fu+ 2%, ODCS £7-1% HCDS
O Si FHEMETIRETE, OQKMHO Si HzkE
THR—UTHE, ONH; 2T 22/ TE, OK
FIO NHy #BRETH A=V LR, ZIEFICHY RS
ZETHEIT LI, SilRE LU NH; O LR & 3 —
CTREERIZZENREN 10s & Lz, £72, SiEB X
ONNH; ORI ZENFN 1.3 Pals LV 10 Pall
FE L, BRIEIE EE 13 500~800 °C O #aPH T Efi L 7=,

BoNT-EEOKE LT (RL) 1%, 2k

*OBAREAES O IEWISERT  ALTFAREITE TR PR IR
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7Y A U (SOPRA %! GESSE) % H\WCHlE L7z,
F7o, RWEOFHRN S KEEE (Growth Per Cycle :
GPC) #H M L7,

FRAE S IG A 71 = X 1% Gaussian09 % VWV THiE L
Too xix, K2 DX 57 Si-NH-Si #i & W) &
EREL, SIHROWEKIE7 BT ZE D% O NH;
EEIEIZ DWW T, iEMEL= RV ¥ — (AEa) &4k
B (AHf) Z2& %38 L7z, #HEFEIREELEK
HEOOEDSTHD BILYP & L, EERKIE cc-pVDZ
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2 RBEISET IV

3. ALD RRFE4$F4ET{H

DCS,/NH; & HCDS,/NH; @ ALD RRBEEFEIZ D0
T L7z, K324 SifiRE koD GPC DI
kA, KA4ICE U< BIrEORERLEEZTT,
HCDS,/NH; (1 500 °C UL _E CH#REIE 3 iR S 7=,
512, 550 °C TiX RLA 1.9 (SiN EEH= : 1.8
~2.1) BT END, BEZR SINBETH D &4k
L7z, —J, DCS,/NH; % 600°C LA FIZHWT, 1
LAEHEEER CERN ER Do T,
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LLEX Y, DCS X vV & HCDS O 5 BN RIRIEIZA
M7 SiTRTH D & HB LT,

25 FEARES (Si-NH-Si) DCS =
~ n i DCS f ¢
2 20 TI\I Il\I ml H—Sln—H H_Sll—H
o 2. a= mo
> N, N,
‘2” Asaigxrface AHf=15 kJ/mol Asar—faﬁ
o 15
& HCDS [l e
g 1.0 1 HCDS q T 9
g AEa—57kimol o 1o ABa=sakimol | 2 ¢

a= 'mo . a= 'mo
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o 05 AHf= 18 kJ/mol i | AHf=19 kJ/mol N N
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M Si surface
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4.2 WERTEIZHTIBERIES &K TERRG
oo 13 e SIN A B L7202, IS
(Si-NH-Si) IZR D MIENTFET D ERE LT, <
T, NH3IZ k3 SiJREAERTOE LG & FER,
E DB OB D 2 12OV T, ABa 38 L UAHSE
EEE LT,

DCS W 35 2% i 1 1 72 & QN HCDS W 7% £ i 12

0T BT 5 NHy; ZIL D AEa 1%, FiFH 60 kI~ mol

15 1 1 | | | - . A .
560 BS0 B00 650 900 750 66D MO WMIZ63KkI,/ mol THV, IFEAERIETH -T2,
Temperature (°C) WIZZHEIRNIGEE LT, 6D XHITRREIZ
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4. HERIEA DXL

HCDS 7% DCS LV HAKEMRBEICHE AR SiJRiTh
HYRN%E ALD St A T = X DO S HRs LTz,

4.1 ERIG

5 HIREE (Si-NH-Si) 12%}9 % DCS 72 H Y
IZ HCDS O35 KT T L, 8 L U4 % D AEa & AHF
%79, HCDS O %56, HIHIWK & #1242 Si-NH-Si
LS L, N-Si-Si-N (HCDS W% £ i) #ik % Bk
THVENDHDHT-%, AEai 84kl mol EHHEH
720 ZHUIL, DCS DA D 83 kI, mol & A% TH 5,
F/, AHF blWERISTHD, 20 L XD, WE
FOGIIRIETTREIRE ICIE LA EEE LW EZD
ns,

NH; TIZAEa 28 156 k], mol TH 1V, WHE

(AHf>0) THh o1,
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1) V. Miikkulainen, M. Leskela, M. Ritala, and R. L.
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ABIETE R D S A 1 = X W kgat. KB H B iR, 2014,
33.

3) H. Murata, K. Suzuki, Reaction Mechanism of ALD-SiN
Process Based on Quantum Chemical Calculation
Comparing to Experimental Results. The 38" International
Symposium on Dry Process (2016).
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Method of prediction for performance when scaling up PSA
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Experiments and Techniques for Measuring Liquid Distribution Profiles
in Packed Distillation Columns
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The Latest Laser Cutting Machine “FMR I1”
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10 kW 5% 45 1%

10 kW class Refrigerator for high temperature superconduting equipment
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Helium purifier for a plasma processing device
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The Centralized Monitoring Software ~Partl1 Compatible Model~
for Liquid Nitrogen Cryopreservation System
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LAN Ethernet 2 Port

(O Microsoft Windows10, 8.1, 8, 7

A —h E ) TINVEIIAT VAWK

F 4 A7 1A | Full-HD (1920 X 1080) L L > fif{4 %

KESHMAY 7 FOBERE LR 1 &R,

5. F&H

PR 38 5 B (T B D 2 [E A O BRI L L
e ERAAERIF L AT o EPEHRY 7 F~
Partll XHEET L~ OFfLERE LT,

IHICEY, HRRAFA IR D EEMEITR
fEizm B L, EELRMEREEZIHD LT HEEIC
A Mit LV EN RS TORENFRE L R o7,

*LEDA21 CFR Partl1(1997), PIC,”S GMP Annex11
(2011), EE57844 ERES 88+ (2005)

(BHFEAH i AN— k2 —
RN BBREERR R RER)

<EWEDbLEE>
ATANINEERE NAA - AT HhILEES
BEMS NAAEBEER
TEL. 03-5788-8675



KI5 EEB#R No. 36 (2017)

EREE I
LI ER T A 2T A
Nitrogen Gas Supply System for Laser Cutting Machines
T F 1 AEEAARIER
BET L HET L
" . N g LB

WM S0 L—Y I IEIE, 76k LTS0N LT50R
HAL—FEFH LT 6, T - Tk %%Eu,@ﬁ? (Ny+Ar) 99.999 %  (volume)
- BB NOETEND 7 7 A NN—L—HFEFH L A ) ] 50mh  (normal)
IMTHEASDBATHHEL TV D, ZORETIWNZINT, o Hﬂu”j L& %2 Max 1,600 L min  (normal)
IR O WL &2 BT D72 0I2iE, T A P A L fiia ) Max 2.5 MPa (gauge)
L TCERITAFELMEHNTOMLERD D, L B I Max 4.5 MPa  (gauge)

HALFE DT VA T AR L LT, REFERST BRSO 38.6 kW 47.0 kW
& 72 PSA (Pressure Swing Adsorption) F¢ffi % Feis &9 HEER (WxD)  4,000X1,850mm 4,500 1,850 mm
LZV—PINTAZERT AEHG AT A (LT vV —X) B 5,700 kg 6,300 kg
ERUEL TS, R AT AL, %EH PSA ME - JFUkH BRI (W) 80dB (A) 85dB (A)
TERIEREE - BRI AFEHTHERIN TV, & W1 SHUE LIS FTRE/ 2232 H AT
ﬂg{t@kb@ﬁ%‘*'ﬁﬁo\miﬁXﬁ)ﬂ:gf%é" ¥2 EHRIHRES 4.5 MPa (gauge) HiiCkIiT 5
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