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A theoretical prediction of carbon dioxide adsorption by
hyperbaric environmental control system

for Nitrox saturation diving use
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In case of the long term human stay in the fully closed space, which occurs in the saturation diving, carbon dioxide in the environ-
mental atmosphere must be removed continuously. Japan Marine Science and Technology Center developed the prototype equipment
which automatically removes the carbon dioxide from the hyperbaric dry environment of Nitrox saturation diving. The test to esti-
mate the correlation between carbon dioxide production by occupants, CO, concentration in the environmental gas and removing
efficiency of the prototype is reported in this paper. The experiment used the high-pressure chamber which contained the prototype of
the carbon dioxide eliminator working in the hyperbaric condition up to 4 atmospheres absolute. The chamber was pressurized by air
and maintained at 4 atmospheres absolute. Inside of the chamber was not occupied by human throughout the experiment and the
carbon dioxide was injected into the chamber from outside to simulate the human CO, production. The prediction model which
assumed that there would be a proportional correlation between the carbon dioxide adsorption efficiency of the prototype and the

carbon dioxide concentration in the environmental gas was verified by the test result, and an outlook to the practical use of the present
prototype was obtained.
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efficiency by molecular sieves and environmental CO,partial pressure.
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Fig. 2 Schematic diagram of alternative operation of the prototype.

JAMSTECR, 40 (2000)



HRBHIEEEET AL, FEMWRTE SRR A —
F—OFMTHDLZIEVHEBFETELI,

AR TIREBEOCOWAMFEFIIOWTULOER
VR LZZEH EOPUXEIRL, FRIZX D ZOTF
WROHHE AT 52 LD TELOTHET 5,

2 H&
21 FHlX
MSIZ & % CO,DHALRER] & 72 O DW= (W) 13,
CO, DHAEFE D 72 ) D53 FH (53E) 1B/ L TEAL
T52, Hb, BHEDFIE CO, OBEAE T UTE I
EREL, BIHEMENENEL Do TOBRIZL
FLL =KMWL DT BV ~9), FrnEipi ToH
BRI OWTIEE—REBL AR EEZ SNS (K1),
C 2T KD COMEDHPAIT e M RMMIZHb o
TIRHEWHEEZR LNV TH Y, 0755 0.005 atm abs (K&
JE£T 5,000 ppm H2Y4) F TSN TWS, BamzE
JELTd EMIZ0.01 atm abs EETH - T, PIAIEHER
HOCOMHE L NNV 8V 2 & TSRS 7246 PH
Thbo o T I TREHENOCO, N (p) EWAER)
K (dp/dt) & OMBEBRZ KD X ) 12— K TRE L 720
(dp/dt) =a-p+b (X1)
Z ZiZa, biFLICTMS TR FE DOTIRRL N O JmGE, JHEE,
Lo 2B REOM, BREIORM L SIS 5
EHTH D,
Z WG IR DOIEII DY BEFEROXE I TH Y,
p=A-ett+C K2)
TRIN, KB & BB O Co, 0 & DBIFRIZN 3
HOEBD X H TN TOICHHET 5 EHi &%
AbNb, TTITA, B, RUCIIEEMEREL LIS
TE2ERTH %,
KBTI, FEA ML TCO,Z2WAT % —/T
JAEE DL B CO, BERBITIRME NS, T9 L7k
CO, DFRZ:, ML BEED CO, 7T & DRfRIE AN TH
FTIENTE S,
p=p,+ I(v-v,)/ -V -

chamber chamber

P+ (dp/dt) - At (K3)
22z, (X3) HMORFIIRDOEBY TH b,
p, - R 12 B 2 BBIN D CO, 47E, atm abs
p,, R -1 123517 B BBEN D CO, 471, atm abs
V, (]t X TO CO,IMED#E, m® ATPD
V., @ -1 £ TO CO,RMBEOEE, m® ATPD

Pchamber : Eﬁ ﬁﬁ iﬁiﬁ Ij\j %Ig 2 ,:_Ejj , atm abs
Vb - HERBEO AR, m?

chamber

(dp/dt) , @ IER -1 12 B1F 2 W R

At 155 t £ TORYNER, hr

ToxHiz, (K1) 23 K2) 2z k1cky,
(K 3NTRT &9 LBIEOCO,BIETFHATREL £ 2 5
2 (X3 OB

fBL, GU3) id GU1) Re* GR2) ofpffohik
T x YN— DR TS Bo B HEBITITRE IR
ROCO NS L THAV I $ 720 125 5 —EDE

JAMSTECR, 40 ~ (2000)

. COEMPSHBHE

REFRD
CO2%3 £

%

CO2mMAT2NES
HF fi]

3 MS 2 & % CO, WA IR O B3 CO, 3 H O FER A A LBE &
Fig. 3 Schematic diagram of time course environmental CO, partial

pressure change.

VETZT CO,ZWET LD THY, TORRELTOH
JEDZALIZ T = Y N—DERHIZ L o TELT 2056 TH
%o ML, BRSm OF = v =R (1), (3
2) 1%, UL BERHSom DF = ¥ 3= TS 2412
oT (GU3) ITRATE L2, HRHI00m DF = ¥ /N —
THRELENT 5553 X3) OF 3 (dp/d) |, ©
ZALDSHRIZC 2 D, WA L 7250 X )12
WZBDOTHEEEET %,

22 EEoZ7OMIdNL
UEDOEZFICHDSE, XD 2EBEIHFT EED
PERERFAMFEER % 1T - 720 FEERIE G L C 84 AT » 72,

221 1B (0~ 24 BFRE)

Rl e L 72 IRET, Co, % F = ¥ N —IhE
822 5121 2NL/min (ZEHEO L~ O CO, #EAERIZ LT
#6~7N5) OEGTEAL, # 8K 0.01 atm
abs L EIZ RS2 %, D%, CO,DUEMZ L LB
O CO,28FTE T IZHIRY % T TCO, M % il iy
& & bIZHLEkT %o CO A Y — 7 ITEL THHIZIT
%5 T, S WA AORRE i/ A feik
2k (X2) OB TEREEERA, B, KU CHEDS
n, GR2) oMpEITHL N1) OEHa, b bIAK
LI EHTE D,

2.2.2 BE2ERE (24 ~ 84 B

bt M % CO,EAEZBL TF = ¥ /=465 5 Co,
ZEtR Lo oA L, (R3) 12X 2Tl L ERED
R E DB EAT) o CO,DIEARIZIZIZE 1.5 NL/min 7>
A S L, 0.5 NL/min & &M 28N E 5 %,

23 EREE
EBHORIET = ¥ 3= G EREHA 2~ 5 — 0
WKk 1aL—4D,Fx - (MEMKES, RS
539m, EfE2.3m, FH{28.9mY) KOS, Fx vN— (Ek



HI1 FEBIHM L aEETF = v N —
Photo I  Hyperbaric complexes used in the present study.

B2 WEF = 8= ICEIE SN zEER 4 A S CO, ki

Photo 2 Prototype of full automatic CO, eliminator for hyperbaric use installed

inside the chamber.

JAMSTECR, 40  (2000)



¥, BAE25m, #HEi80m?) & —HEL MM LA (BH
1)o HEIED,F = YN —NEICKIE L 72 (BE2), %
B3 = NN R AR E L, = YN —0D)E
JIIE, SEEOEEHIE, KOTCO, DA 34T
Fx YN=HRDP S 7070 D, F 2 N=L S, Fx Y
N—DFEEEIC T BT — (RS ERRE, 2 by -
NA =717 —HB- 6A/1, AC100V, 04kw) % i%i& L,
FBPILHERTF = VNN OB A 2 i L7z N
FBOBREE T AZ RN — A & L7zo CO,DBMFIZL S
F . YN—DIENETR L LB E YRS TTFE) Tl
BL, F = /N—NIZHKF4 atm abs DFE T &2 PRFE L 720
FERFEE O E J OHI R OB &K %2 X 4 1R

2.4 EFHANEHE

FEERWIM (0~ 84 WEf) ZBL, ROFHIZOWT 2
SRR CREEIN L Resk L 720 BlERIZADEH AR — ¥ (/) —
7 ARSI R, ADXM-98S-T L, fli7) Z P L72/%
v ay (HABLZWASHE, NEC9821Xa) ZHWwT
f1o72,
OF = ¥ IN—NiEEE
QB I IR BN T CO, WA AT b 72t%D
A )
@F = ¥ /N — AR
@F = ¥ /38— CO, it

D2F = > /N— (289m9)

Ol 2 CO,IREE (REENTRT CO, DA A TTb NI
HOMH A AH O CO, i)

® CO, i Ak

DRy Nk (HLCo,DER & CO, F DT & Ak
2Lz afkER)

RIS OREM 2 2 112, FHILREOBEZIX 2 14 4 128
£

3 BER

FEBRII % 3 L CRogk L7 ERCRHIIE H O~O R #
#5128,

Fox YNNI, FEBIEE L S ICERER
25C, 26 C & HFOMTIZIFRE L THR L7 (K5 Ha, b)o
F . N — IR IR 26% 7 5 28% D B T LT\ 7z
(K5 ¢)o

51 BB ICB T, CO, Z#9 2NL/min (2 THEAZ Fildh
ToE, FryN—NDCO,BEF AL, £ -RERTE
121, REET O5H R OFRR T 0.28%, 4 atm abs T O
BT = 8= TI20.012 atm abs  (K&EHE T T 12,000
ppm HH%) £ TEA L7z CO, DRIz 1L L TR
F 2 YN—NCO, MBI R A IAKT L, BRI 5 24
BRI EICIZI2IZ0E L7 (W5 W d)e TOMD-8~24
R ToO16H DO F = Vlf—WCOZQH:%EfrT-ﬁﬁU"G%ﬂ
L7 ZIX 6 W R SOMDF— 7 % i/NE Rk

S2F x 78— (8.0m3)

BT

st

# i acat A AH G (CO,TE A )

{ comueir —— inmracome

[ ot |—— #=>c-mme

fEH RSt Fox N — A A R

I

| co.izat | Fx 2 IN—HCO R

4 FEBRWFOIEEAE L OB - FHILRAE SR

Fig. 4 Arrangement of experimental instruments and schematic diagram of controlling and measuring system.

JAMSTECR, 40 ~ (2000)



#1
Table 1

RHI 2R

Detailed measuring method.

F5

FHAIEE

LA

OB %

F oz R—-HBE

T

VAISALA BERE 70— 7 HMP35D
Pt100 B #& 4 =%

FeEMITIRE

C

HAYASHIDENKO CO., LTD
¥ — ARREHUE, Pt100 B # 3 M
T WVA 4 =)V 0~100°C

® F=r—ARFERE

%

VAISALA {BERAEE 70 — 7 HMP35D
AT =)V 0~100 %, FHEE +£2% (0~90%)
% ¥ — HUMICAP®H-SENSOR
IBREECIES: VAISALAHMKL1 I THIEEIZ6EA
BOEFSURE LiCl (12.0% at 25°C)

NaCl (75.8% at 25°C)

@ Fxv— Co, M

YOKOGAWA HOKUSHIN ELECTRIC, Tokyo Japan
INFRARED GAS ANALYZER

MODEL [R21-2-SA-AL-RD'B

TNVAT—=V 0~1%

® HETA CO, 1BE

%

YOKOGAWA ELECTRIC CORPORATION, Tokyo Japan
INFRARED GAS ANALYZER

MODEL IR21-2-SA-5-AL-RD10"B

T VAT —Iv 0~2,000 ppm

® co,EAR

NL/min

R REREDP 5 RN TER
VE={(W,-W,)/pol-(T/273)
Wat=t 28153 o, Ry ~EE
Wo: CO, K RERMYME
Po: 0T, 1 atm abs I2BT A CO, HE=1.977ke/m®
T: CO, # A{RE=25°C=298°K

Q
=k
(\J
>
fh
e

kg * FF-— ID1S,KCC150S

FIA =) 0~150 ke, HE 1g

2y K2) OB TEMLARR, 7= /3—HNCOo,
S3IE & R & oIS
P = 0.8-e%* +0.0012 (4)
OMBBRZEZ, GN4) 12X HHIMEEBRDOF =~
IN—N CO, THEZALDFER Z i T 6 1R 72,
(K 4) oM LT, CO,MIEHLF = /N =]
CO, 73 & DRI,
dp/dt =-0.14 - p - 0.0002 (X5)
DB % 4720 (R 5) 12X % CO, 5 E & WAL
OB Z X 71287

% 2 BXREBRAG & AL CO, & 1.5NL/min D& THEA
LG, DAREIIIR A IIEAR Z I U7z 45 2 BeREB A A
5#) 12, TEARAY 1L.ONL/min (29 U7k R TF =
Y N—=N®D CO, 4313 0.012 atm abs D ¥ — 7 [T L 720
LAREIE CO, 20k L, SEBRH& T IRFIZ 13 0.003atm abs
TCIERTF L F1EBTHO (K1), (X5) &
%2 BRI BIT 2 FEBRO CO,INMT— % & & e T (KX

3) 12k ) F = v = CO, HEDOT MR A 7, F
R EBSOF x> 5 —HCO,SIE DR I & % B
BT 8 IR,

4 EE
B6ITREND LI, HEEHICLEF = v =N
CO,MEDIET & (K 4) 12X 2Bl & 1k R < —3
L7ze 2D Z &3, BOENZZHHO CO, 0 HEIIx LT
WA (X5) XD EMTEBTE 2L ORY
HERTHIDOEEZ LNz,
FEREOE 2L 72 Co,mMmaEE (55 2 BxR) <id (X
3) 12X 2 PAEMHRIE, X 8ITRT L) s LTid
RLAABELT02 00, FEBRFHR LD bEWHEZIRT
WL ol SOERKKE LT, #hNL7 CO, Dk
HOBEPEZEZ 5N 5. T~ 313, BFENERICHR
MENT2CO, DL ITHFE S N, BEED CO, LI I3E
TED 2  HREI—Td B HIHFRIC B W ORILT %0 FEBED

JAMSTECR, 40 (2000)



28
oo
2 24
=
=
22
20
30
28
—_
O 28
X 24
e
5=
22
20
30
28
¥ 2
= 24
R
20

FroN -INCO28IE [ %)

YRR RCO2E [% ]

COz7E A It [NL/min]

80

B o

g 70

l.'(\ 65
JAMSTECR, 40

7 8
w) () ! !

84

wip ()

72 84

Wl [h]

byl

o
IS
=

=
-
-
3
®
-

w

bt (]

X5 FHUWEH ORERIIKR

Fig. 5 Time course results of measured items.

(2000)



0.012 L s e ma LA

0,01 fooeeinenes

=0.8-e0141+0.0012

3 ol P
0.008 N serare

(1117 )l S, Y e

CO, 7} IE, p [atm abs]

0,002 b ererereeesenenn A b ATy TN (3 SO

8 12 16 20 24
FEAIF, 1 [hr

6 BREET CO, S DR ZALAT R & Il

Fig. 6 Result of time course environmental CO, partial pressure change and

its regression curve.

«0.0008 Boreeronn i
-0.0004
-0.0006 r
-0.0008 fis

20,001 [rreereremsenedunsnsresansnsbusinseinsenst i asassusssene duonasansentons

CO,M N %h 44, dp/dt [atm abs / hr]

-0.0012 oo

-0.0014 i : - — .
0 0.002 0.004 0.006 0.008 0.01

B0 CO,7}E, p [atm abs]
M7 #HIS A5 CO, 5E & CO, AR & ORI

Fig. 7 Measured relation between COZpartial pressure and
adsorbing efficiency.

0.015 Frrrr—rr ’ :

BHiaC0,5} IE, p |atm abs]

24 48 72 96

FEAAKE I, ¢ [hr]

IS CO,MRMIS DB CO, S ORI LA R & T8 i
Fig. 8 Time course result of environmental COZpartial pressure change and
its expected curve when CO,was added into the chamber

continuously.

Tk MAEAET S CO, 1Ll 4~ 6% & A
WRRETH Y, FEFOMBN AT, EBE L b
, BEN CO, DMl /HIHT 5N 5 2 LN %0,
S DIzHCO, LD —PE L v 9 i CIRBAIREE I
EERONDL L LGV SERIOERTIIF = /N —
WIZH T D CO, BIAEVEL TV BDNEDTH S,
EERCld e PAEEAET S CO, ZfE & LTI L7225,
TEAT 5 CO,ETHMIE100% DD DTH o7z FloF =¥
W= 4R T 927 e T — &L LTy B
i A DRIITEF DTS, T x VN—NOD CO,ED Y
—TH o2 E) DITOWTUIIEIED 2\ $E- T, B
BEDFIICOMREE & ) b VIR D I AIUAEE WA
SNTHWAERRA L3y, BBEO COMEDTHMED B
R Z IR LW RN B 50 E72, SO L) REA
HERTIEF = N —NOBREA AIRIE 7o T — S0k
GBI ORIZL B LY, EROBHRFIZES
N5 L)%k FOBE), NIEEGEORER 2 FI2X 56
MOBEEAYEFT 5 2 EATE Lo S HITHBRICITE
HECTROMRMEMATOINTEY, 2D LidF = ¥ 3=
CEBBNC R HAVER L, SiREECO, D ASLAS
WRIZWA SRR WIS & 7% > TW ik S &
AONLDTHL, PHEY S TS CO,77HEDWER
Rix, DED X9 BERECO, M ADEAB L UF =~
NW—WEHEROFAEIZ L DWRENREVEZZ b0
%o

TR O FUFITEIK O 3E ] TECO, D AF 13 4[] 0 8 Ak
Bk ) b SN EF 25N 5700, L) PRI
WD HERBFETE B0 2D X I TR LB D
CO,IREEZ HI D IZ WS 20D 5720, I Y%
EHMOTFME LTHUESTLZEBWETHS )
INODOERERET D &, R TRR L7225k
BT ERAEEZHET 2 DEEZ LN,

e
FERIZEET 4 HRICERREREHROD D TH - 72
W, PR DO RERER, T — 7 ORI H 2o T 3%
TABRZE LU CTHRLL 72, FEBEHEORERK, FHllbiz
LEMEIBICH I L CHW: () <) v T —27 Y v
Y OREMERK, ML KICREH L 3. TEBROG
W, SEHCRS LA 4 7 B8 A 2 &2 THG 72 )10 3 T3k
S OMEAEER, BIAMKIOEHR LT, Z0%
BROBEARFTINL K 6 ~ 9 SEFEIEE S N7z [ e BREs
HAETIES ] COFBEICIEDILCDOTH Y, ARNK=F
BE GEEERIRFAEMAE 2 35, Hi%) 3L, &
RIEHEE (HARFH 7 + — 5 L REWSEHEMERR, ¥
5, HEE TR E (T B S S BRI A T o
&, B8, HECRE ORRUKE R ARG A8
%, #0%), WIA—KER WREN AR, B
), BIOAREEZE ORERRE, ) (L)
LEFFET,

JAMSTECR, 40 (2000)



S 3k 3) Ray,G.C.and E. O. Box, Jr. : Ind. Eng. Chem., 43, 1316,

1) RIARMERE, 1104 g5 - TSR A E K T SR 1950
HEEORIEIZONT, RN £~ ¥ —3 4) Grant, R. J. and M. Manes : Ind. Eng. Chem., Fundam.,
BEtfse s & 3 8 %, 55-64, 1998 3,222, 1964

2) i, Rk, B, BRI RE | R 5) Grant, R. J., M. Manes and S. B. Smith : AIChE J., 8
I RBEGI R & AR OGS B L OEET (3),403, 1962
RBHRE RO W, WEER BN & v & — SRR
ZeHiSH 3 85, 65-74, 1998 (5 A28 1199948 A3 H)

JAMSTECR, 40  (2000) 9






	1. 窒素・酸素飽和潜水用環境制御装置の炭酸ガス吸着性能理論予測について
	1 はじめに
	2 方法

	3 結果
	4 考察
	謝辞
	参考文献


