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Experiment for the Lower Limit of Explosion of NH Gas
in High Temperature Range
Ryuji Tsukada*

Abstract |

The reduction procedure of MOX powder at the Plutonium Conversion Development Facility
is operated in the temperature range of ambient to 800°C and the mixed gas of nitrogen and
hydrogen (which is called as NH gas) is fed as reducing gas. The hydrogen concentration in
the NH gas is designed and controlled below 6 volume %, considering the lower limit of
explosion when being mixed with air.

This concentration of hydrogen was set analytically because of lack of actual data in that
temperature range. Therefore it was planned to confirm by experiment whether hydrogen
explosion would actually take place or not when mixed with air in high temperature range.
Experiment was conducted by exposing the test gas, which consists of nitrogen, hydrogen

and air, to high temperature.

From the test results and information reported so far, following conclusions have been
derived.

(1) When the mixed gas ,which consists of 4~ 5% hydrogen, oxygen of enough
concentration to oxidize the hydrogen and nitrogen for the rest, is exposed to the high
temperature in the range of 500~ 800°C, moderate oxidation reaction (slow
combustion) between hydrogen and oxygen takes place.

(2) The extent of this slow combustion grows as temperature is raised, and almost all the
hydrogen is consumed by oxygen at 800C. -

(8) Even if the NH gas kept above 500°C is mixed with air, explosion with rapid and
serious pressure increase by flame propagation will never occur but only moderate

combustion will take place.

This work has been performed by Chiyoda Corporation with co-operation of The Institute of

Industrial Safety under the contract with Japan Nuclear Cycle Development Institute(JNC)

JNC Liaison : Tokai Reprocessing Center, Reprocessing Operation Division, '
Conversion Technology Section

* . Chiyoda Corporation
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T, RERENLELE, BICS2EHELIBETHRLAL S, LHFEIFICXSE
BETOTRRILL 0% THY ., ZOMEOKEEE TIHRRCLSENBEIED THEE
ThHBHET, KFFEFCLERTE S, TROOEMERRICRIIEEMEEIND, £
DR, ZO LD REFTIIREEOFTEOHENBD THEL 2, ZEETESFEIE
I EBHIET (BT 200CLLE) OAKEOBRETRAOCEMIFRTELEZDITHS I,

—%. BROEZERICID L. BERROBREIC L SREL, THEEORALY, bF
BIEDBEDFNRIVELEZZLNTNS, - 50EE,L., THEIICK S TRAE,
EIBO 9% 0B 400°CD 6% £ T, ERAICHIWBET LTS Z L5005, #-T, k£
FEIZIZE B3 TR, BEO 4% 5 400°C TR 2% Hhiz b E T, ERNICH 2%ETT
LLTFHEhD,

FICRENS LR LT 500CIKET 3 &, JOMEOREIRABEILENOT, kRO
—WEBELBBLRRIERGEZEZT IO ERY, BELKR-—ERREN R L UTHEE
TERLARDB, ZOX I RREGITT ABRBSBEREANIICH D% LiChhrb b T —HRICE
THETHHH, T, ZOREBTCR—FEOERBROMERD D Z &L BARRERIZRZD,

BIEERLRELT 500CEB L, FIIBKBEECEEL, Z0& &V AMRNRRE
BIPHIC B, BAV A ERICEA L CREEE (B5) 92 3 THIEN VDT
Z, =EL, 0B, TROLRBRESN 2~HOBRETARRIEBEZSLD
Wi, kST EFRETRTRIER B RN, oz kit MRS ZERFATRL,
WRT CERKED & 5 2REHIEARESAHEbRARTHS. TOLE, RIT 500C
UEOBEBTT, 20X REREKBRRENATARBEIESREEZ L LTH, £20
BOEAREBEEICHMAT, BEAYRMTERVRERELEZLND, BEEYT SIS,
500°CLL EOEBR T OARFEO EFHRIEIC L BBREER FCTRR) QENPTAETHY,
I BB TR LAV L B B_ETHS I,

Pk, AR-—ER2ZRABROBAETHSH, ThICERRMA: 3 RAROS
& FXTAHBOR -3 . VKB TYH, BEAFITLERLE<ARICEAD LB TE
Do
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5 WErT3AR-—BE-ZERIRIRVRAOBETICET 5 RKEERED
SFEiC, 2o BBROBM] THEAELSIE, B—3 0. DFOQR(N, : 94.6%., H, :
B. 4%) DA AT EKIHPBA LIBEOHARENLTH S QBELEOTRIZEBNWT, BERE
P 2.0%RV5.0%D2O0FEE, T THERTIZEE L, Thb DN AMEIZK
OH—-6 PORARVSKTHD, FOMEETRICTT,

RA [ERK:9.6% (0, :2.0%), H, :4.9%. N, .85 5%]

SHE [28:23.9% (0;:5.0%), Hy 1 4.1%., N,.72.0%]

2B, BEOLDIC, BRETHCEVREEOFIE LT, KRRE 6. 4%0OKF-ER
% (TH o0 THLRBEERLE,

-6 BRBRIZHAWERESNADHE

5.1 RBROERRCGHE

ZOREIL, ERORK, SARUTAOERREF AR —BR—EXIRHIRES
A A%, 500°C, 650°CR T 800CITME L =KISE P 2RI EREAIC. BBRNESRO
REFBORER, FLRISETBROFACOARBECRRIC LY. AR—BRAORS
WOREEEMD ) LT BELDOTHS,

I ORBREBOLEOCHEREZRLELOBRE—~7RUERH—1THY, $ERISES
MBS 5 FABNBFEORBEBEL R LA bORE - 8 RUER— 2 Ths, RISEIIN
3. lem, & 100cn DAF » VASEBAMG T, 2 MBFERICKEICREBL. T30
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THHILH 30cm Th 5, BEMIEEOWREL, FISE OB, SMUEECEE L
BB OMAIC L B, E10. RISEH 0 ONEHRICEREORER 2 RE L Th B,
SRR ABEE S L L blo, ELENTERNES (kEED AR, 2
DEEORMAETES L5 CR>TNS,

BT 5 1Tk, BT RBY AT LI-RE A ks & BEORE ¥ AR
LOHERT B, BHEBIAR S 0w b FT 7 RUORETHEERSLER LE, O
RBUR LIRS L B EAPIEE) 2@8LE0b, —EREICNELLRSE
HIZEAT B, OV ARBORET, KISELVRHLES RSB LEDL, S
Bic & 0 ARBERRET 5.

5.2 RAMREA AT X 3RBER

RAEMRICHYTIESTAERBRN AMCTEE L. LOSWREREAFE 5. 1%, BHE
2. 0% (FRIBITER) Tholr. TOH A ZFHEE K, #, /D 3 Befg (200ml/min, 1, 000m1/min,
2,000ml/min) IZZL &R, 500C, 650°CK U 800CHEN TR —EREIINE Lk KIS
A LT, FERBENATOBREAFRRELAE L, ThoORBREREELDL
LOBRR—4THY, RPOKBBREQCEIIFEHOSITRROFHETTILTH D, X,
F-ADORKEREECRLELORE -9 Thd, 2B, ZOMWRIT AT, 650CL LD
BRETTRENRGIIVEEERSND &, kRSP 19RETEZ LTS,

F—4 RAHERVTAORISEARRE
(BREAH A : K& 5.1%. B 2.0%)

[ HZFRE R EEE (T
(w]/min) 500 650 800
200 2.0 % 1.0 % 10 %
1,000 7.3 % 12 % 1.0 %
2, 000 3.3 % 2.1 % 1.0 %

i, ZORBRICBITIRCE~OF RFBEPI, B (KERED) 2EZLNRDED
RBEEFERCEA LRI, 2<BEShRMoT,
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== 200ml/min
—&—-1,000m1/min
~/=2,000m1/nin

0 200 400 600 800 1000
RE (C)

K—9 RAMRAADBREL:RKiSEKEREOBE

5.3 SAMRTRARXIPBE

S FHERICHY T HREN A ERE L. TOSIRERIIASE 4.3%. BHES 0% (B
ZEHR) Tholr, TOFAZAV, LRORMEFA L REFETIT-ERBEREE LD
HOPER -SSRV —10TH5D,

F—5 SHMBTAORBGEAKERE
(BB X : KF 4.3%. BFE 5.0%)

H AR FISERE (°C)
(nl/min} 500 650 800
200 2.4 % 0.4 % 0%
1,000 3.8 % 2.1 % 0%
2, 000 3.9 % 3.1 % 0%

T, ZORBRICBT DRIEE~OFAFAPIT, B kKB &EZXORD XS
RIBE EREWEA ERIE, £<B8Ehkdol,
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==~ 200ml/min
b —B-1, 000nl/min
==2, 000ml/min

0 I . . i 1 1 " L 1 L A h R n
0 200 400 600 800 1000
RE (C)

H—10 S /RHRY A DEE & IL#ARBEORE

5.4 TRMEBRAT A L 5HBER

BRI X F L. ZORBREBERTHFET SHCOKROEEGZ2ME D
2, BELLTobDThS, Thbb, TARBICHYTSYRL LT, B5H0
IKRIRELS 5. 4% (BRSE 10.8%) DBEGVAZR/E L, tOFRERN, LERLAERT
ToltPRBREREZELDELONRE-6RVE—-11TH5,

R—6 TREPYADORERKRREE
(FRBRU R : /K 5.4%. BEFR 19.8%)

HARE FOGEIRE (°C)

(nl/min) 500 650 800
200 4.4 % 1.5 % 0 %
1,000 4.8 % 3.4 % 0%
2, 000 5.1% 3.5 % 0%

e, ZORBRITBITIRSE~OHAFTERC, B (kFEE) ¢F2RDILD
BREBELRECEAS BRI, 2<B8EShidolk,
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5.5 RBEROI L ORUEE

FEOR—9, M—1 0RGR—1 1 &iEk, BT 5L, ROZLPEXDHLITH
B

BEEOEEITOWTIL, B00°C TR L OKIE (BB KXo THEINDKE
DEEVPLEFTHBI/NE VDI, BREBEELPRVDOBEDOKEIEFL TS,

—77 800°C T, LFOHEBARIIZRATHERESh, BEBBRRIIAREE<RELR
VY, EOBEL. 800CE WY REIZTOERAROFBABEEITTEND, HEIWRThEE
ZTWBTHSI b, BEFAPBEOFECEMT I LA, FAFOKROZE
RBRIEELTLEI D LELILRD, . ZhbOPHD 650CTIX, 500CL
S00COFHMAKEEZEATRY, BREBERICERREOKFIREL TS,

BB, TORBREREAL TS TAVAER (B—11) T, 500CIZRITHKRE
OMHBBRBBI/NEZVE, COFEGTTEATHY . TOEAHERITITBETE 2o
Fro L, BONTERZEDD L, —RICIOX IRREBRE EMLRE) T, BR
BEOEBRENMEFREZELLO L FRINIOT, BOBEEREZFRL TS LR
b AFREORBICE > TEBLREORB I 3BREREMTIOR. L LAURTHS ),
(7. TOBAOLBRLERIT. AR L TBEZHETIRELZREL, BOES
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BARGICELSNDWEENHD, L, BB ZOLIREARHS L TNIT, BIEE
ErRBECER LT ITBEOFRESICARLHRTDI LIRS, LRORRIET. T
BEERY LT EHORBRORTICER Ll BLEEOEBRBF o Th o7l 6
pREZ BN,

Wiz, HARE Gl OBBICoWTHE, 500°CRY 650°CTid. FEDMSVEH
BEABEORTIEARD B, THEHERNSWE T AFERNERLDT, £
ORBERNOBBIR COBEERMMNEL REIPLTHS, ZOH{OREL HEDOBRIIR
DEIRoTnD, Thabh, HENENLH 200m1/h, 1, 000ml/min, 2, 000ml/h O3
HITHEEIZ. TNFR 0.44cn/sec, 2.2 cn/sec, 4.4 cn/sec Thd, FEIORED 800°C
TiX, PORETLBREARL W Tholet, MESECKREL 2D L, BEAFEEL
LB D D,
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6. LI
AR T, NHA R (KFES. %, EFE 04.6%) TEKBBALEBSOAFE -EFR -2

RIMGFRY RIT2OVT, 500~B00°CORBMBTIZBITHBRE (HDV I ARtk

MNefTolk, Z2ZT. ZhOOEFBTOLLEFME WV OIBERIL, BRONIEREEL

HBE. UTDLSIR3,

(1) NHARIZZEZTZBALTNL &, £0OF RAERIEE—1 p.)FOQBEMRLEEZQRA
PHEBEANRATTBETS, OLE, QBRIIFER. FETTRAE-—EXR-—EH
BEAGRN ADBREREIZAD Z EEFRV, LAL, BT TIHE—3 (p.HITRT X
12, BBEREHICASTRENREVS, ThiRXEREFEIEZTAEEICBLNS,

(2) NHFA~QEZDOBEACELY, FAPOBRRELN 2%0RT ShiZR5ARIIE -6
. IOFORREVSKETHD, I T, RERUVUSROHERIVREZFHEL. 2hb
DH A% 500°C, 650°CR TN 800°CIZMMBE L7=EE 3. len, & & 30em DKFERT I R
FERIT, 0.4~4. 4cn/sec DFSETH L. FRBAIBROT A FOXKBREOSIIZL
D, AFE-BERORKICHEZEZH .

- (3) ERRoHBERIL, S00°CTIIEBRBEOAFRRECETIIHEMI/IEL, ZORE
THAFR —BEROIGIEFT TR THDI Z EBRENT, KIZ, 800CTIHEA LR
FEO2HBOKBBRIG 2H,+0,—2H, 01 L W B &h, BFEEBICIIARZ
BELEAEEEEY. ZORETEXKFE-BERORGIEITHTHS Z EBHABIWER
2o Eiz, 650CTIIAREOHEHRED 500C L 800COFHBTH o7,

(4) 7, LRRORBRTIE, BBETHAEDICERITBAL TAROEREEETHER (b
5wm%ﬁ&%ﬁ)%ﬁ%m\Mhmﬁﬁmﬁ%EbﬁmQEO:o:au\ﬁzﬁ
BRI RSB ORMREE ERR OES LRARE BES N T & b HE
Shiz, #oTZDX 57 500CLL LOBERETOKRFE-BERORGIT, 50
PRRMERS (B BIRSE) Tho B b,

2R, SEORBCREGEEZAFIRBELTOVLOT, RKIERPEZSEThH
E. KREBARFERIT L 2D, bRaArz, FETOAERIC LB TR, 3.2
HTHR X HIT6.8%THD1E, B—5 (. 12 DOFENPGHEEEL TAEEIETIZLS
400COTIRAIL HBETHA D, fE- T, 500CLLEDEEICBITZAEEIZOTIR
RAPBFEETI LTI, SUTICRS L TFRHIENS, ERIZLPPDET. SEHOR
BRCOKRERIZL AENIREBNLBHEINR -T2 LT, BBRIEIC X 5KRR
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EOTRAUTAOETA. 55NEBRLEISEDPOESLSHTHS .
5) SEORBEERICHERD 5 ONREMATERT S &, ROEBRIBSNS.
KFEN 4~55, TNRBETBOCBESHEER ML), MIEHED 3K TH
RENBZREHAE 500~800COREICRET 3 &, KE-ERZROBERENEC
5. TOEERBEO LR L EBICHRABAL. S00CTRARDEIELBIBEIC &
STHREND., COBER. KAOKEREETHRCEoHE S nbLRRERS)
R 5N, CO&SBERIIAED LHFRIZCBNTHRAREEL SN S,
$7z. RICBNRESKED X S RBFNEKBEOREILL D, KREIHBROMH
HAEERELTS, TOEHLRIEE—2 0.9, F—3 (.10 /2 EORE» SEH
LT 0.05kg/cen’G LAF T, BEICB/NIDOTHB. o TUARZEHETTHIE
FREOHRBZHRET IR EOHRICEENMNIRITENTH A I,
BEET Bz, 500CH EOREICREIES e NHA X ICERROEEMBAL T,
BEOBRE (—RICEH LRIRETOIED 2 S ETH2) 0L S HREILE

TnBTWEELS,
7. Bbiz

FREETEDBITHIED, E<OTREZREVWCHARBAERZEBMBERE
OMEE=ZKIZEHAT 5.
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