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Basic Study of the Life Support System Using Potassium

Superoxide (KO2) for Submersible (Part 1)

Fumiaki Matsumoto ** Masatoshi Takeuchi ** Hisashi Ando **

Hiroaki Fujimori *®* Akira Kimura*® Mikio Kasahara *®

The life-support time of the present “SHINKAI 2000 is 80 hours, however,
M TS recommends that this be extended to 7days.

In order to meet the MTS s recommendation and to make the life-support
system more compact, for 3 years we have studied, using a potassium
superoxide (KO2) life-support system in place of the O, supply system of
0, bottles and of a CO, removal system using LiOH. (KO, has COz removal
and O,generating characteristics.)

This report represents the interim report of the results on the past 3-

year study of the KO; characteristics.
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*4 Deep Sea Technology Department

*5 Kawasaki Heavy Industries, Ltd.

* Kawasaki Safety Service Industries, Ltd.
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+)2KOH + CO; —-K,CO; + H, 0

2KO; + CO; =K, CO; + 50,

L LSR5, KO, DRIGHALRE TEBLO
FRICESISOWEOMET, BERNEAELERD
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N5 ORIES AR IE, KO, A L 7o 3
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2. KO, #FlDisHRE
BEFISTAERE I IE E & L CTEEE KO, BlIC 20 Tl
SRR, REE, R, CO;EEAZEZ TKO: NG
(O F4E, CO, BRI ZREBRAE L, KO, o HF
MR L,
21 RBREHE
HEAKO, K BEFEDFERTI%, 97 mT D
RO A KB LT A FZEHR 3 ~ 4 mir Hikic L
TRERIOD Ap K% 400 g /1 B4 + » = X £ iCEED,
£ 2R DGR AT - 720 A Hl, A, KO
KE % 3 ITRT,
AR (SR % BRI —E IR 4 3 720,
EREEZEANTITL, TR HBEE Tl

KO, HRIT L2 TLAD W 2000 | EdiffeEoaaay

Estimated weight of the life support system using potassium
superoxide (KO) for [SHINKAI 2000 |

TLADL 0, Fv~  LiOH* +=2%
2000 JoBHk 100kg +  32kg = 132kg
KO,.LiOHiz | KO, #+=%x% LiOH# + =2 %
K BARMFEEE 67kg + 7kg = T4 kg

£2 KO, 0 o 7K A eS8 O DR B 2

Study schedule of the life support system using potassium

superoxide. ( KO, ) for submersible

£ OE 57 538 59 60 61
L0 KO, DA KO,. LiOH FLADW2000])
" H K OHEE HIE O U 7 B P i h D P RE SR
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HEHKO, Fly:

Physical properties of KO, samples

HEEFIRELE 57 % E 58 4 &
Kind of (1982) (1983)
H H Samp-
Item ing A Az As B C D
)i b7
L i R R
Shape
m o mm
PE (£ yva) ié| #m H m 101 x 101
mm
Grain size Mesh) |(25~4) | (35~8) (25~14) (4~8) x 3.2
KO, #h i3
(%) 786 ~ 78.8 81.9 83.2 83.4 83.4
KO, purity (%)
» x K =
Bulk density 0.543~0.548 0.608 ~0.512 0.516 1.02
(Specific gravity )
& B E 5@
2 P P 1.5P
Moulding pressure
KOs {8 i #
Reaction piit =]
accelerator

(B BP0 SP GBI OB 2R, KO, HIA| ~A3 #HHELL2P L LT

(AR

JE& (50, 100, 25¢/min), & (20, 10, 35°C),
B (50, 30, 80%), CO- #2EE (0.7, 0.4, 1.4%)%
HAM&ETITY, KO, ¥ +=24DA0M, HO
ROBL[DBRBES L0, , CO, BELSUIC
KO: + v+ =24 @KL, BEEF AL, 2
iR 4 1TRT,
2.2 BHEHERELLUEE

HEEE R0 5 KO, DR DS b - P20
(1) CO; BUNEE O, REBOHZ R Fix 1 -
L5 TH 5D, BREE, BEBEOLHTL: (1
~2) L35 (2R,
(2) O, HER, CO, BINEIFKO, ++ =24 A

26

DOEEE, BKJEE, CO:EENEVHLEL
75 (K3 BLUOR4BR),

g, CO, DEBEES LU H, O %A1
LIS ZRET 270 EBhbh 3,
(3)  CO» BN ZIRBENTEH NG E L 155,

LoL, CO; BEA—ELLBSEBRLHE L
56, CO, BINRIETS 2, %1, BKAES:
—E&LLTCO, BEAEBELIIBE S CO, RINR
BET 9 5,

CNFCO, BBRENEZBET, KO, & Kk
LISOWTHEBEBLTLEICO, 258X B0 & %
ZoN3 (K3BLUK4AEBR),
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@ KO AIOHEDENICE BRUSDEEO, % HHICT 5 &, BRIEHASHOEBE & bick
RICHINL, BICEBEOSWEAHEETH 3,

HERBLUCO BIEKLE &, KEDNSWERE
CHRBUGITHEW AR L 7o B 0sEE L ¢,
HFHOBMEEES D EEZ bh b,

Wy

CNBKED NS O EBREESKRE <, Rk
HRBIEBBIcHhEEZ5NS, LirL, KO, %

40 T/
| e

L HEN58 — 2 s

30—
!

/' AN 5 7

)
, '
I

HKEAN0.57 — 3

amount of O, generation

N
O

0, % /& H

O

O 10 20 20

CO, WX&E amount of CO, absorption

2 COy W& L0, FAERDBG

Relationship between CO; absorption and O, generation
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230 , ~ =30
= 0, Rk S _
g & y ~ 5% R
28 . 0% £ 5 100 -,
= 9 —_ ~ . a 2 o
o @ o —""® = 5 Q E
§C % T, — e '\7C02 R E b‘f g 2
a820 p z Jdo20 5
2 g 2
ss 2 22 N
ER: : 8 S
£ £ A ] ==
A T «©
< < K = 7’9_—_—_ 50 SOQ
~~ CO, W $ - . X
=210 | ¢ %
S/ - s = e .
- B omw =
% Xogx a
g & BEooms | S
S8 | ; 8 ©98g | |
01020 3 030 50 g 0
A% SR E (°C) AR E (%)
air temperature at inlet R(Hrega%i\ze %turlr?ilcei}ty)
M3 ANZESEESXCEBEDO.FERD L UCO, BINRICHT 5

(ESUEE © 500/min, ACICO, #EE : 0.7 %, KO, K [, SRS & 2hr)
Influence upon O, generation and CO. absorption through air temperature and humidity at inlet
(Permeability : 50 4/min, CO, dehsity at inlet:0.7%, KO, grain size rough, test time :2hr )

~330 =330 |
<o ® §2
_S 2 ~ g g Oz%ﬂi% —~
© 2 ’ o IOO‘? E’E i lOO?S
g 2 ﬁ\ 1 Z g % N S >
0 g 58 B £
o (e} —
©820 2 3“520—2—\ ‘ ———.L S
S ~ == o ° P 2
- © S ERE! \a _—e 2
5 i - A =
£ & 3 l AN Jconms | °
R A~ ———50 ~
STl . . ¢ g V8
i o ;: = | /] B
g x :iﬂ , | CO, Bz =
=3 i S N &
§s | 8 o9 | ~ g
O \ | ‘ ©
, | 0
0 5 50 100 U="704a 07 14
&% A 8 (0/min) ACO, 8 E (%)

pearmeability ( ¢/ min)

co. density at inlet

4 BEEAEBLUAOCO: BEDO. FARB L UCO: WM EICKT 5%
(ANOZESERE 20°C, ANOMRE 150%, KOk E M, RERKE | 1hr)

Influence upon O, generation and CO, absorption through permeability and CO, density at inlet
( Air temperature at inlet: 20°C, humidity at inlet : 50 %, KO, grain size :rough, test time : 1hr)
29

JAMSTECTR 15 (1985)



3. WRKO, Al0EHRESL L UESE

WRFISTHEE DB B O %, MEFIS8ERE IC
(&, KO; ORIEEREZF LS+, D, KOy ++
=25 DBEKIEI A BB S 5720, HERKO, %
BUHEL, TORMERBRELE Lz, $7-BR57E
BLUBBEEDRRE AL, B DA G
EMHDKO, % 1 B LEE L, 106D RER%1T -
T, TOWREATER L 12,

WB, 100FMOFHBRDI0EFME WS D, [ LA
12Uy 2000 J DAL 8 BRI D 1 #i4> & BoRE L
72 EBLVI0BHIAKO, + v =24 2% 4 h
F, ZhEIOREMALLTRCDF v =24 %
BHERERERFL (& ZIE80MRIMAE LTk 8
), # by YOEIICBROEZFEHTNELL,
BKBAESHBEEBDERZO D THEZ T &
itk 3,

3.1 HRKO, D HEBRESSE

HEAKO, &, RIGZE(EHES 5 7l % 70 L,
»o, EHONHE CTRIEHR £ — Xic#ET S
L1, BRBEHNERERDOVE L2 Tm DT
ADOBA| CHAD BLU 3~ 4m7HED CHK| GR
R, 18 SVICRIGERERE AL L, Ho, N
TRIGS B DEOHIR E Uil 4 70 L 72D
FlE Ui, $/c, BABTEED 7 -4 & Hikd 3
729, WMEEAETT v 7 LIz AERFIT A #HE
D Az FlEHW, Th5DKO, #I# 400 g/1
BlZ+ + =25 1C5E», K 2EBHORBREIT- 1.

X 1icRd BEEEE T, B5EE 25¢/min, CO,
REE0.7 %, BEE206 L U'35°C, BEE504 L U580
B DANZEKEZHTE 1 BORBR AT, BF57
FELEBEEOFHRET - 72 GElIR R 4 B 1R),

3.2 HBRKO, niEMHERER
BLUEE

AR SIBISTEE L DB TRD T & B8
EZ 5
1) fEEORIKKO, DBEB LT CHlIc DT,
CO, BN IIEmL 125 (K5 2R),

72120, BREBEOSVIEE, BKIEMRSKIE
IS %,

N3 AbEEAE KO, OBIEMSEL <, BfyES
THFRDHASET 20 EEZ DN B,

7, O BERBOEL S, LrL, BKE
Eimnge, SBROHicasico, %44 5

30

(6 281,

CDED O, FeH: iR,/ CO, WUV & (35495 &
180, ANE®D O, EHRHE,CO, HEH B i< -,
KIRICO, 1% L1755,

(2) MEEEHIRKO, OBKIET E/INS 5D,
CO; BMNFREL LU0, HAERBRIIN G5 B LUK
6ITRT LD, HIKA; CIZEAFRLTH 3,

L, BRIBEOROVES, O, FEkRFH
BOHicad#icm< 50, HHORRE & bIicE
T 5, ABREONETIE—IEEL T 3,

3.3 KO, #FloEE

UbDOERBHAERERT LI R, AEBEH O
KO Fl& LT, BRIEBEBESICH LELLEL
TeRE %29 B HAR A F7%BE Ui,

(1) HERLA, FIPAEBRIND B B & O C FliLiEED
HEBEREI R, RIEVABICHET L0 @S
OIS KIRICHEMNG 3725, MO, B LU CO,

REOHIE LirE L, »o, BK7 7 Y0
BHADBKEL BT EDBEZ SN, B LED,

(2) BRDHISHRL A BREDHEERH T 325,

RE)H L OBEBICHRD T55 < B0 T ic i Hhidh
5CEBLUF v+ 2RI NDERTAEISMEL D
B F2 =29 BKREHEBTAY o F b B,
(3) HERLAs (FHKLE 72 AR ICHANS & K5
WD LTWED, REBEADESELREL
RGN/ ON, +RENERETELEEZ 0N
%,

3.4 EFEKO, Hlo e ER

BEELKO, » A3 #I8kg B+ + =X ¥ icEED,
X1 DB CESEE 4500/min, EE20C, &
50%, CO2iBE 0.7 % & L C10Bs Rt geat
BRATIT - 720

7720, 6 RefERRREs S TSR D SR BR B S
R DEDK 6 fELIE (9 400mH, O) &750 7o
T DRENZRBA fofoh, BEEERERS L TR
et Lo

ABRERER TICORT, CORBROT EWE
Z 5,

(1) O, F#EFHE CO, BINFHRIZH 1.2 TKO,
DRI LI RTE LT Tz,

(2)  Op FHER, CO; WINE (FEERBASE 6 BES
THRILRICKT 575%, 81% &350, KO, #|
DRI DG Lz
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3) RHER%D KO, KA EIFZESALORH30 m I KIBICESIER AN S L RREZEZ S
DE & DBHE VG IRICHER LEE L TV, hz,

A 5&No.5 8 — 2 ( BAID

100 ET"TZ~ \8\1\0'— /0'—0—O—-O\O/T\O_OJ_O_O_O_T_O_O\O_O_O\CL
e S
sA-A--A—‘fﬂr-»—-ﬁ-*-6:’:%-;;3:-:8:-_‘%\_»{}_& |
80 B - B o T\ S gy S
-~ Hess— 5 | ey
® R (D #D SHEAN05S — 1
~ % (As FD
#‘ﬂ'g 60 3
B
C‘S‘ ©
o)
@)
20
0
30 60 90 120
Bl e R O
time elapsed (min)
5 CO, WINRITH ¢ BKO, FIEFHDZ
Influence upon kind of KO, agent with absorptivity
13
AN
e \ - e
2 7/;”’*\@\ e -
g N
1.0
= /
S § /7— - _
= , HERNo5 8 — 3 (B #I)
o g ] -
g5 BN 8 — 1 (A H) /
e
# 2 /
® o 05
e
D S o s s - . -
\%‘Lﬁ%ﬁN&SS 5 (DD 1 \A\\A?\A——A— .

30 60 90 120
ol R R (9D

time elapsed (min)

X6 O, FERBICHT 5 RIMEER D

Influence upon reaction accelerator against flow rate of Oz generation
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B R R (/)
permeability (¢ /min)

CO, BULE

e

N
CO, Wi i ;

CO B X £ (%)
COqabsorptivity (%)
IS
3

20

O % £ i & (¢/%)

flow rate O, generation (£/min)
CO. W Y¥ #% & (&/min)

flow rate of CO, absorption (£/min)

% aE R (B
time elapsed Chr)

X7

KO, MagaERFER

Test results of KO, performance

4, KO; Hlz AW -EMEREED
HAAEOTFRE
KO, DFUGE ANEI DR D 5F 2 CTHRFEBE
E13BDT, KO, FlEH Wi A EE TR,
FHEO, Z1EE LTEZIUL, Bl@&KBIL) F v 4
(LiOH) T CO; ZBEULMAND Oz B8 & FCO;
SHEZIEFEICHET 5 5805 5,
FRFISOFEREIC1Z KO, & LIOHFEAEO Z NS D
HIE A BRI DV TRRES L
KO; v+ =27 ~BR L, O BENEEMELL
Ficisid, KO; ++ =24 ~OBESEEZE S
L, LiOH # + =2 # ~#& L TCO, #}rEd 3
T ETHRNO, BLUCO, BEDHIHAET 5750
DOREET— 4 2RBERELTESIENTE
F712, KOpF+ =24 DR EESIEILE T
Ll BREEEEe L, o, ERIEELEEHE
THEWBEDEDE L, BIFTEBHEREEB5 L
BTE I,
4.1 RBREHE
ABREERIXK S ITRT LD, HREEDKO,+
v =R FICLIOH + v+ = 2 4 24U d D
L, BKEE20°C, BE%, AOCO; BE
0.7 %, @SJAE 3504/min3 LT 80 + 2704/min

32

T10RFfEEFEER 21T - 7o GElIEZR 5 B1R),
(1) KO, Alid As & L, EiEMANRERED
FeRIGHBROGE TN T2 EEZONLRESTC,
1B 100 ZDEBEEITB T, H 324D 0 BIE
26£/hr-man B £ U CO; FAE224/hr-manik WLFE
TE 58 6kg & LT,
(2) KO F % =R & ~DESKAEII58FEE D10K:
MEGERERERIC B 1) 5 + » = X ¥ WESEIEE
&R CI?E 5L 9, 3304/min & L7,
4.2 HBHELLUER
(1) KOz + v+ =24 DANBEXEERE3304/min %
10R5 G L 7o 56 DS R A X 9 IT7R T,
9D 5, O BERER ITCO, BINREEZ
FEHIZGHELTETTH B, 0, LBE T
HBHLEDDLIPD,
(2) KO; v =24 D& 330L/min, 2 i@
K%, KOz v+ =X 4 ~804/min, LiOH# + =
Z#~2508/min, 6 FfEHES L, £DH%K, KO, +
v =R DHN3308/min, 2BHEESL 72 RS
HAXI0IKRT,
CORBFRERICEDSE, BNO, BLUCO, &
EoME: L-osKIOFEMHETH 5, B
BEDEITHED, O BEDA —/N—va— |,
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TYH—Va—bTAHREBLMBTECEND @) KO ¥+ =25 OBKEIIEIZEA S 20
B 5, mH, OLIF EFFFIBEOFRFTREL T3, /2

58, KO+ » =X 4 ~DOBEKEELKD, AREKO, DAE S, MIFEZHRZIZ LA LR
LiOH # + =2 # ~#K, LW IGE ECO. BE DS < H—BRIFERIEE LT\,
#3.5%FTLEAT S,

500
)
$\§ 400
S @t
W2
®E 200F
m £ 100
TS 100 s PR
o WIEE AT -2 E \é
CO, BILH measuring location s ~3
—'_" ---measuring cylinder No. 2 ~< R =
80 e 38
S5 T8
~8 Wxé N 53 e 2‘
R S L
) ot NN 00— 3 ®I o4
W = i #8
B2 / 0, FE it )_0\%/0\0 s o 5
& ‘? 4 /——— R 2 JSe
=] Mm 38 OF
58 40 sy 2 2 =
°g CO, Bl ik Ao N NN st & 3
© 2 - Py l - =
e [ R — N mmwwn_s)
2Eo=== D ) S gy . g N U g o N (1.1
\%i(s@)aaco.zéé/faﬁi \%E(s@monﬁﬁ%
0 1 2 3 4 5 6 7 8 10

o ke R ()
time elapsed (hr)

X9 KO, HIfHlGEDOHIRERAER (GRERN. 59 — 1)

Test results obtained from controlled reaction test of KO» (Test No. 59 — 1)

permeability (¢/min)
[5e3
S
(=}
.

AR & (/)

100 & T 71
u ’ f | ' o WIS A - 2
measuring location
---measuring cylinder No. 2
80

CREC
£ g
) = 2
R x5
~ SE 2%
g8 f\/\% w i owd
- - 60{ X b,):o-o_o.<3 @ g:a Eg
i RE(3 )0 0, Wtk 53 =8
o O, Bt . s os
=t e I r /— ‘ wo ®O
a5 10 > ] \ 5— -2 st g%
S 0, Rtifs j FEH(38)DCO, FER 5y E E
° R — “—[-‘A—~~——~-»/———‘»———“’—4§1.3) -

1] E—— . *;-—_ e . /_.___ ————— %41)

X‘ RS . P AN
0 1 2 3 4 5 6 7 8 9 10

B®oa ol ()
time elapsed (hr )

10 KO $IHI A oI BRiEE GRENo. 59 — 2)
Test results obtained from controlled reaction test of KOs (Test NO. 59- 2)
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N~ I KO,  + =2 & il&Ual it (L:OH%&XM)@%) H 5
SIVED) n i & L TR w &2
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83 1.0 L CO. 0 g
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0 \< L L I 1 L i A1 L L o
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B (4

time (min)

B4 11 R0, 3B L U CO. BEZAL (FH) (BN 59 — 2% B icEH)
0, and CO, density variation in ship (Prediction calculated based on Test No.59— 2]

%5 KO, HIHE5HEOHFHERSE

Test conditions with controlled reaction test of KO-

AR N
est  No. 59—1 59—2
K OoF + =2 % 85 A& (¢/mi
oF 4 JESUE & (¢/min) 330 330280-330
KOz2 canister permeability
LiOH # + =2 4 @%J&& (¢/min) -~ 02500
LiOH canister permeability
4 @ K E &WEmin) 330
Over all permeability
A C O B (%) 0.7
CO: density at inlet '
A =] i ECC) 50
Temperature at inlet
A [m} TS B %) 5 0
Humidity at inlet
KO2 & (kg) 6
Amount of KOz
LiOH & (kg ) B 0.6
Amount of LiOH )
B 5 i fil Chr ) Lo “
Test time
B 5& [=] ¥ (o) | |
Number of tests
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%6  KO» 2R o R HEFF S Ok

Specification of life-support equipment using KO,

] =] A w
No.
‘ Item Content f =
w ®m B | Ko, + AR J
p 1 R 2 =R
L £ | circulation diagram ) %@
= i LIOH #+=29%
v 204 B ==
2| 8 woE R & #45 0 ¢/min
2 2 |circulating flow rate
_ 3 . - N KO+ v+ =2 %
T %’ & 5 B B 330¢/min (O BE A LA IE35E) DAIES,
3 g 2 ¥ v = 2 %:80 £ /min
permeability | 80 + 250¢/min (02 E ST S45154) | Donrs 5% e
> | &t Al . I
5 | il Oz = Oz & v 3HOFEEIC L 55
- ¢ |measurement
V: [«
BEN=S ™. @ e ,
6.2 |EQ KCe# v =2 ¥ DBSREDIIRIC & 5 il
v control
. =% o2 it B | CO2t v Hic &k 5k AL L SFE
_ B 7772 Imeasurement | itk B4 v 7)) v /RO
[ V.
8 | & E o %J o LiOH# v = X 4 ~D@B&IC & 5 il
&) control
7 7N
9 | KO, HER TAE
shape
TslKo. % T 4 B
10 = 6 kg
= amount of KO2
I
_ O
I 3304/min (O: BE %A LR SE384)
Q& « m =& B -
permeability ) )
12 | % 80¢/min (Oz2 REA{ET I 558)
13 | Lion| " MR TS T A
g shape
+ 87,
+— H =
g | v Z|HOH RTAR 0. 6 kg
= g amount of LiOH
Z o[ =
5|y o|® X R O& 250 &/min
— permeability
KOz v =2% 25 L 7o 8 1R [o] 3% %
6% & % |l
EXU 60
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- control equipment -
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! r 7
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’ \ y/ measuring ¢ lmder{
—_ 1 ¥ -4
bco. it Mz m]__ _ Iy — _{POit Wl % !
ECOQ instrumerlﬁ LEOZ instrument
e ] — e

LiOH
Fr=2%4
LiOH
canister
E
solenoid valve
INA ¥ Z (0]
by —pass circuit

A7 4 A
orifice >|<

KO,
Fr=2%
KO,

canister

B RS
: solenoid valve

Jony
blower

R4
ventilation line
4
measuring line
14

control line

12 KOy % Fi W fo A AR i R SR
Schematic diagram of life-support equipment using KO,

5. BKMALEDHFEBELHK
Y27 LOBE
MRFSOFEOMFAMRICE D &, KO, ZHWV
[LAPW 2000 ] FAMERERESE Y R T L1
DWVTHKRET L, T DRERIBITEREDORHKZK
121c, ¥/, HEEOHHEEE6 IR,

HEFIFEOABREE (10KHEZBIHEE,

Fr=R8%h— 1)y VHATHEE 1T, #EK
BT R B D AR5 2l 5 /3 4 /¥ 2 S [E]
BAEMMU/IbD LB,
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RPN O, IR DG O, IBEEDSEE LRRITEL
7T TKO; + + =2 ¥ RBREFF %P U T804/min
%KO, ¥ v+ =2 ICBRL, O BEMNKE TR
10T NITEIBHFAZ VT, 3304/min 2 KO,
+ =RV ICERESE D, T, WHNCOLBED
HIE 4 CO, RS E ERRIC73uE, LiOH + »
=25 ZEHSFE A & LTLIOHF: v =24 I
BEL, ZETFRICHEAE 8] & LT LiOH +
v = RAINOBKERL LTIT,

37



6. » & H = X 73
AHBHFRICLD, KO, KIDO, Fek, CO W (1) MEEMEL * WEAHE S 2 RICESE Db

NS DRSS LT 0, 15 51 CO, EE D HIf R, HASSEREREAME T, 1972
RICBAT 2 BB T — 4 2185 &05TE, 74, (2) MEEEZH  BELA ) v 4 (KO,) O
BKBALEGHREBOHMEL DM LTS WRERICO VT, HASKIEEIBES LML
Too 51, FHITREZED D & &b, BB 19, 1984

Y OEHXEINT, |E 3ZOPEREHEE T

4 7 7 A4 LTcHERRBREE TV, KO, #IAEH W0 URREs21 : 19854 4 A19H)

AapMERPRE DR, EHMEL JUORLUEHIR
HREL TS FETH %,
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