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Surface conditions of the inner linings of the underground steel tank that had stored
premium gasoline for about 20 years.

(@) and (b) are the samples obtained side and bottom of the tank, respectively.
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SEM surface observation images of linings immersed in 90°C distilled water for 10, 20 and 30 days.
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Survey of the Detection Capability of a Stand-off Type Equipment for On-site
Detection of Chemical Disaster, and Proposal of How to Use

(Abstract)

Takahiro Tsukame and Yasuhiro Sato

(Accepted May 23, 2024)

Since the Sarin gas attack on the subway in 1995, preparations for on-site response to a large-scale chemical
disaster have been actively implemented. Training with the police, Self-Defense Forces, and others have been conducted
on a regular basis. Furthermore equipment to detect chemical agents used in chemical disasters has been deployed. This
report presents a survey of the detection capability of a device to detect chemical agents and how it can be effectively
utilized. The device in this study is a passive infrared spectrometer and is characterized by its ability to detect

remotely.
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This research is aiming to establish a method for predicting the lifetime of coatings applied on the inner surfaces
of storage tanks. As one of the investigations for achieving this goal, the degradation behavior of a glass-fiber
reinforced plastic (lining) used for a long period on the inner surface of an actual storage tank was compared with that
of the lining in accelerated degradation tests. The tests consisted of the immersion of lining specimens in distilled water
and regular gasoline at 90° C for up to 30 days.

The degradation of lining samples obtained from the inside of the underground storage tank was examined. The
tank had been storage premium gasoline for approximately 20 years. In the sample used at the bottom, where there may
be a relatively a large amount of water, noticeable cracks were visible on the surface. A nanoindenter test was used to
investigate the hardness distribution characteristics in the lining thickness direction. As a result, the swelling of the
lining, in which the polymer network of the lining opens, occurred not only on the surface but also near the steel
surface.

A scanning electron microscope (SEM) observation revealed that small cracks formed on the surface of the lining
immersed in 90 ° C distilled water, which increased with time. The hardness distribution measurement result of the
nanoindentor indicated that the sample immersed in 90° C regular gasoline shown the behavior in which the surface of
the lining was softer and the inner part of it was harder. This result suggests that the swelling of the lining progresses
gradually from the surface by petroleum fuel permeation.

From these results, it was suggested that immersion tests in a mixture of high-temperature water and regular
gasoline or alternate immersion test in each solution would be effective as the accelerated tests. Contrary, it was also
indicated that conditions more severe than 90° C for 30 days were necessary for reproducing the long-term degradation

of the lining.
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MUY AZKAERIMU TS EE R D7z, #KERT D)o Lh
5DBPRREMPLE LIz, KERMLZ, Z&f5. SuperCRC
TR ARANBREE T 1Y) o 4 L TRIN$ 5 KD A TR
JEICHAfi S B,

Akt (5) : IREE T M) Y 44K

KOEE :1.07 + 0.03g . KIRE : 2.7- 32.1wt%

SR M) o 0.23- 4.00g

IKRERIIU7=RE D@ ER T MY AR : 49C

ABAE R I ABL 15mL( AR )
2-5 TG-DTA OAIESM

TG-DTA (V) #2481 Thermo Plus TG 8120) %, ik
% MERL 72 DRt O B AL & JEHEY B & GOR DIRIE ZE
ZEIFICHIE CEBWEETH 5, (LFEWEOEM ML %51
i 572D A &N TS,

AR (6) < BIRER T PY 4

AT ) oA 0 15.29mg

FHEGOR) : (b 7L I= 2

AR R - TLI =T AR, 9 0.02mL( )

FRERE : 2.0K/min

Z2 X - 150mL/min
2-6 pDSC DIFE S

pDSC (Omnical #£%8Y) &, S &EBFICEGEHR ZHIE T
EOREERARETH S, pDSC 2 HH L THM SIS
BWORREET M) DA BLUMEKEES M) 7 LKA RIL
DR EAWE L2, 72770, SRIOHE TIREDD
I I IR B B & R,

FREH(7) S BAREB T PY A 0.25¢

R (8) AR T M) A 0.25g +7K 0.023¢

AMEHAR 27V L 2L 1.0mL(AE)

FRUEGR : 73

FEHRE © 0.8K /min

3. BRHEIVEE

3-1 APTAC
APTACIZ &> TR BN 250k (1) B L URRH (2) D% H
BERNC T2 RE B X OENOWUEREREX 1 L VX 3
R, GRORE (1) KON (2) DTS I B R EGH S B
SUEN EA#HEOWEREREZK 2 BL UK 41577, %
BERRAIELIE (To[K)). e 22 R (Toas K. H2E_E5HIE (A
TIK]). RAFEEHE (HRnawK/min)). % KHS (Pua(kPa))
B LU AN ER58E (PRua[kPa/min]) 2O HIE 5 H %
EKLcEewr, Ak, RAENIRESIERE 2R T
TO JEhORKEE L7, KBRMEORBHZHNWT
APTAC (2 & B W 8 4 1 % £ D 72 8 O Il B4 RE 1 &6 D A
(400K/min) THIEHNFEFETE?, £7-. APTAC HIEH%
DOIREEF M) o LA DSC THIE TS & RBEMBR O

BholeZenb, R GRRBRIGLZEHEESh S,

(1) ZKZFRIMU T 0GR 0 76 B KB % 13110.5°C
T, AROTIMN KO FEMAREIZ, 50.6 CETIK L
720 REMAZIZOWT, KEGORB @IS AKEE A
VIR D& . WE0CIK T2 ZLhbh -7 (R12
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1 KRBIMOAEIZLSEIREET D)7 20EEDOR

FZE{b

(MIE & : APTAC, RBIAR : Fav8l2 4y
F APTAC FE R AR ()58 REE T b w4 3.0g
(¢ =4.4). K@) :#RET YV L 3.0g +4K
0.30g (¢ =3.5))

3 ARIWMOAEEIZLDMWRIET M) LDESDHE

B2 (e 36 : APTAC)

(HIEXE : APTAC, RBIES : Fav8l2 4y
F APTAC FIAE . AR (D)5BREE T 1) 4 3.0g
(¢ =4.4). RBH Q) BRI D)L 3.0g +K
0.30g (¢ =3.5))

X 2

X 4

AKIRMOFHEIZ XD EREET M) L DIRE LT
B B DB R

(HI'E 2@ : APTAC, RBIAR : FavEl2 4y
F APTAC HAER R (58RI T b w4 3.0g
(¢ =4.4). B Q) #REF Y VL 3.0g +4K
0.30g (¢ =3.5))

KIEMOF I LB REEF M) LDEE LT
I EREEECOBR (HlERE : APTAC)
(HIE2EE : APTAC, RBIAS 0824
F APTAC JHA 2%, &R (O5&REF M) w4 3.0g
(¢ =4.4). FHKQ2):BIREEF D)L 3.0g +K
0.30g (4 =3.5))

#1 APTAC OHIE SR

T, Tonax AT HRunax Paa PRuax
T T K K/min kPa kPa/min
AREHL) Ok fE) 110.5 189.2 78.7 228.8 1441.0 6016.0
akH2) () 50.6 148.0 97.3 49.5 1074.0 930.8
E TMR TMR (¢Hfi1E) ADT2 ADTa@fliIE)
kJ/mol min min T T
Ak (A fiE) 240.2 34.6 7.9 91.5 84.6
AEH2) (KA) 92.1 269.5 77.4 34.6 23.7
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HE) o REVR AR DK M ISR 2 RO ERIZDWCHTE
THOH, BB FEANBKEET M) T L0 H L 5 <
BAHZENS, MBLKZEDOFHEMEEINEZ ENEL
Y (T

(2) FEEMFHE DU L REHE OB R 5, Wb X
W F =5 RD Tz, FEEFIHT TIIER OHFEAV N SR
JER—EE LT, ORI EIE L7z, SWRAB L, Kb
BERIZBOTFEBOREEOR AP ETSZ &I
%550 WAL T I FE—IZDONT, AEEE VR &
KEEHREHR)TZZR. 240.2(kJ/mol). 92.1(kJ/mol)
Ll o7z WAL FILF =2V NENEE R IBAET LR
FTNZENS, KOFMNZ K> TRIBIZ KB EE < 72
ZEDbh B,

(3) TMR (Time to Maximum Rate, B KFBEGEE E TOF|
FERE) 135 BEEOWE H S I KD FEBGEIE &N i
JEISE T 5 £ TORM T, B fERR RN A 1T 5 L CHEE
BETH B, FEIZDWT [4, gL TMRIZB 5 Hfi/E
THI L7, FERANEEIZ 51T 3 TMR % J B AT

(RISHIH) oWtz 3L —&FIF R LY, K5k
FURGIZAE G LI 1) B LUK E & EHRBH2)D
TMREFEDBIFRIZDOWT, HIE & R 47R L7z, ik
B (2) oM (100CLLE) #BRE. TMRIZDOWTHIE
BEEFMEIZIROY AR SN, 3R (2) D &l

(100CELE) I W THIEE & FH DI 2 R /S
Niz. ZOBHELT, FHEIZ0R KB E I E LTV A,

5 @RS YLD TMR LIRS OB
(HIEREE : APTAC, RBAES : F4av 824y
F APTAC FIE# ik (D:5#REEF bU w4 3.0g
(¢ =4.4)

100CLL LORISEBORRIBTHRNZ ENELZONS, &
7o, 24 TR AFEELH L IZHE T HIRE TH DAD T

(adiabatic decomposition temperature) A%, 2 fE R M:
Ml SN 5. SV AS &, ADT2IITMR 728 241
ME%2WETH5, ADTudMKOEIEIZE LD EMICfE
MThb. ¢ flEET>72ADT2lZ DV TEH2) D &5
BHL DA Z I 5 & KOTRINZ L>TADT24A%961C
KT U, ST 2405 TR KRR ISR S Z L b
%, ADTaupME F U728 & L ORERINIL 22354, Wik
b L F =2 KIEIZ148kJ/mol E{K T L. 7RI IGHME
HIhi7z0eEI6N S,

(@) FENZDUT, AKIRHIL A R O RS 35 KOk

JES ESASEE A, KIRIMLZBAO@ED e KEL -
7eo REFBMLBOEEIO A, TES EFAAAREL WLy
ZEDbr o, KBIMLEWRBIORIGHDEN 5.
FAEL KRR EIZ DN TERLTAS, £TOMKET b
VI LDRET S ERDFATREBERIRETIES
A6 %,

Na2CO3+1.5H202 —#Na2CO3 + 1.5H20 + 0.750:
FEIC LB L EH4I22,358kPadDE I ERMH B Z LIk
%, 2055, BEFIEIXT86kPaTH B, —J5, HE X7z
JE ) FRIE1,340kPaTdh -7 (K&UE:101.3kPak LTCEF
H) . ZOZEM S, APTACHIE % OBIA R, WiR
BT b)Y ADESIRIZ K S TRELADBFETSEZ L
BEZOND, ML TH DA, TG-DTAHE TIFZER &

6 KEEiEREF M) A0 TMR &EEORB R
(HIE2EE : APTAC, WRIAR : FavEl2 4y
F APTAC FAE#. iR (2) 58K EEF b w4 3.0g
+7Kk 0.30g (4 =3.5))
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WMEELDREITDNED, RIBHDOKRBLOCBENET

EBICR R - FE 26N B,
3-2 TAM

TAMIZ & 508 (3) LUK (4) DEGREDREFZE
LR 7B LK 82/ Lz, TAMOHIEEETH B
50CIkAKZEELRBHI B TS APTAC ORERANEE & FH
CTh5b, WEARFHBLTOEVRK 3) DA, B
BEE LI LN T Ep 5, BHRIET 1) T LRI
RIELEV O RKIBTHBEIEERL TS, JEEN 100%
DIRRETH B3F (4) DA, BRI E & & 8128
mu. MAMARD, ZO®%WHLTV-72, 72 IFEODFE
B A s 5 L3R (3) T 7.4(J/0). KR (4) T 559.4(0/g)
e, REEDK 76 (GREEISHML 7z, REHhOKRGIC
Ko TRIBHIHOF BN R E BN, KR FERmMEE A EL
BB EIREINT,

X7 S@AEEET YLD B RO B2
(e EE  TAM, JEPERE 50°C, flEFHA:
TR RMBAES AT L 2 BB K A,
20mL(B&). R Q) :@BREF MY YA 10g.
VRS : 62%)

X9 KIRMOAMIZLDMEREET M) T LADBEFEHD
2L
(HIE 258 - SuperCRC. HIEHRIE 49°C., KigE
9.4wt% GEEREEF M) w4 1 1.00g. /K :0.104g))

3-3 SuperCRC

SuperCRC DOMIEAERAX 9 128d, AfE R (min) o
MEREEGRR (mW/g) AR g, @K M) AEED 1.0g
TEWRMUZ2KEIZ 0.104g TH B, BRI ) oL 5DE
TRPRE L, KRERMUE GRRERS DY o L0 :
49C) o KRERMIL 72 BRI BGER S EML ., AEE 4D
ZD%, WHL T o7z, BmHARF TR T5Z LIk
0. RIBFEE? BRI T§5E TOREELR KD, K
RO T IZEGE RN Bl e L7225 L7z,
G A% T BE AT D Bt I 12 BEE T 2.28mW/g & 75 0,
IFIF—E & -7 (HZ :0.0095mW/(g min)])) o KIEEEFE
B EORREX 10 158 F, L AKIRBISIZITHREILT
REVENEMT LI bhrolz, 2EETIZAPTAC &
DR E T L 72 KRB IER D AR FEIZE W SuperCRC
BHZI DWW TR BEUEZF NS L. SuperCRC JIEIZHNT

8 B 100%IZkTDEIREE T ) YLD EGFRED
REZE{L
(MIE%EE : TAM. JRIPRWEE : 50°C, e A&
2SRRI A B AT VL A BB BRI 20mL( A A ).
B ) BRI NITA 0.20g, AHXTEEE 1 100%)

X 10 KOTWHELEBREEF M) YLD FREEOBE K
(HIE 258 © SuperCRC, HIEEE 49°C)
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KL 9.4wt% CEREEF MY w4 11.00g. /&K :0.104g) D
FEET 67.30/g TH o7,
3-4 TG-DTA

TG-DTA OFEREZX 11189, MR E (C), Lok
3 R WA R (wt%) . GHEENIEMNZE (1 V) Th B,
Eau%ciﬁﬂ%%’féa B E DRI K S>THELEETH

%, ABHIARERMUTOARVEREET P YA TH S,
B LTV & 17 CHE D S EERAD & RED RSN,
145C Ty v — TR — o BB N 7=, EERDRI
30wt% Th o720 ZOTEITMEKEET )7 LD 30% A FEEL
IZHS L TMMETAZ EARL TV, 72, M\REF U
LB AKES 32.5wt% THBIEN S, TG-DTA D
FERP S, BWREET D) LAFOETOMEBRLAKRKIHEFEL
7ekFEioh b,
3-5 pDSC

pDSC DHRAZX 12 187, BT (°C). Mt

BORH (mW/g) Th b, KM FOR o 7 s JE g
;t%’) 110C T TG-DTA OFEREIZIT KL Tz, KO
ANz &V pDSCIZB T3 REMARE ME T Lz, KM
ORI DO HHAAERMUEBAIC KDy —T HE—2
BEHXN, KOBLWKIEPHEZ 5722 2R LTW5,
ARTRINE & AT 2250 D35 A, BB — 2 Bimkiis
BHREIZZFNZN145C L 114CTH ~72. pDSC DGR
25, KEMELOBREET M) o ARKBEE, 428.3 (J/g)
T, AKBIIL 7585 T M) o ARGEIZ, 372.6(J/g) Th -
720 535, pDSC DFEBIZOWT, Al H ) L5 T
fiE L= MEi%, Zh2h 529.3 (J/g). 455.3 (J/g) Th-7=.
HHIEMEIZ 1.24 TH 5,

X 11 #KEET M) o LAOWE
Hh
(HIE 2 : TG-DTA. BE&H : 7TLI=vs
BA A A, BURHE 15.29mg)

I2i45 TG KU DTA

4. ¢fEE TMRICEAT 2R

41 ofE

ARC XU APTAC D& 7Z W AU BGR G &5 e A
FUTH LT, REROBERAZZE L -8 1 (4 i)
pEfEh T, (R (1) LR Q). $HEIF ARC %
OPENE 2 TR KIS B AH 45720 ORIIETH %,

¢=1+ (RABAEGOHI) - GOREHOEE) /(G
Bogy) - GRORtoER) ) X (1)

ZZTC ¢ =1iEiE» 50 REM 2T, R OME
HEhBZEERLTWS, SRz bE, R E ik
LTRREHEARETH D, WiEIRBIZH 5 Z L 2B T 5,
K@ IC&->TAT(WESRTOWRSE LAE, #E#OM)
MEtE I 5,

AT= ¢ - A Tobs

A Tobs : (ARC %5 0D b #4701 2t
fill, )
4-2 TMR

3. #WRPBLUEE 3-1 APTAC] 2B\, TMR (%
KAEGHNE FTORNERFM) 1. KOKIIEE L2, B
AR OW R (1/T (1/K)) . A log,,( FEEGHE ) D
7576, FEER AR VT 0D F8 B R O 1 & %R
B3, 7770MHEAE S YA ALTHLE.SEAEZHNT,
Fe#dE GHaE) 13X (3) &%,

log, [ FEEGEE GI5AE) | =-S/T+A

X (2)

AECHIE S 7= B

(T : W (K)) W E))

ZZTHML = AL £ — E(kJ/mol) i3 fHZ S 231K (@)
Z&oTEIRE NS,

E=5-2.303-R

12 AKBIMOAFHEIZ LS8 REEF M) 7LD EGFRED

FRIRF 2 ﬂi

(e 2% _ :pDSC. MBIAER : 27 v L A8
1.0mL( AR ). Rk (7) S8R M)A 0.25g.
AAE8) ﬁ%@f YA 0.25¢ +7K 0.023g)
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R : & ER. 8.32(J/(mol-K)) = (@)

ZOIRE, 0 KB 5 bBEROMEESTNZ L2 REL
mZEizhkb, ZOMRER 3. HRBLVELR 3-2 TAM]
DWWEHRPEERYTHELELONS,

TMR GIFE) & E #3I2K 6) TitREh 5,

TMR (Gt%fH) =R-T? /m/E

(m : FEFGHE GFH5E) (K/min)) X (5)
TMR (¢ ffiiE#) =4 - TMR (HlEfE) X (6)

5. £&8

WEEEF M) o s GREELAKRRM Y 2L T
APTAC. TAM. SuperCRC. pDSC % & U TG-DTA @
Bt A O R 20T, IROZENHL LK >
7z
(DAPTACH K UpDSCOFERN S| MIRIEF M) LD 5

fRid. RERMU B WNGE O BRERMUIZGAELD S

UL o7z, o, KERMUIZGA OB BEML LW

B & S FREBEMANRE KT Uz MR EE T MY ADKIL

DWW, pDSCOFERD S| IR EET F ) 7 LD Ek
13529.3 (J/g) THD. KEGRML =55413455.3 (J/g) T
Ho7z,

(2)TAMOHIEA R 2?5 2ERHPDOARGF BB LA G
PIENZ IO TRENE AL, KRfERRESREL LD T L
WREhz,

(3)SuperCRCOMERH 5, KR DRI & HAIFIZ LLBIEE
RERST, BEESNL7,

(4) TG-DTADHIEFER S @HREEF )T LD30wt% A
REWCLH->THRET I Z L0 b 57,

SEH

D7 ARF, P RER, )R, B E AL FRLADEE, 5570
[l A= (R P el & 2RO (2022)

2) A THHESR, 2022 4 HAK S22 i Je e 2 2 B4R
(2022)

SRS, KR 22023 A T FE R R 2 (2023)

4) 5 gL, (1AL, 1989-T (1989)
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Study on Exothermic Behavior of Sodium Carbonate-Hydrogen
Peroxide Containing Water

(Abstract)

Yusaku Iwata

(Accepted September 18, 2024)

Sodium carbonate-hydrogen peroxide is widely used as the washing agent and the bleach. It happens that it
generated heat depending on temperature conditions, etc. and lead to a fire. The behavior of the exothermic behavior
and the pressure was examined with the calorimeters such as an automatic pressure tracking adiabatic calorimeter
(APTAC), a thermal activity monitor (TAM), a SuperCRC, a pressure tracking differential scanning calorimeter (pDSC)
and a thermogravimetry-differential thermal analysis (TG-DTA). The followings were found.

(1) The decomposition of sodium carbonate-hydrogen peroxide in addition of water was more intense than that in
no addition of water from results of APTAC and pDSC measurements. The onset temperature of
decomposition of sodium carbonate-hydrogen peroxide in addition of water was lower than that in no addition
of water. The reaction heat of sodium carbonate-hydrogen peroxide in no addition of water was 529.3 J/g. The
reaction heat of sodium carbonate-hydrogen peroxide in addition of water was 455.3 J/g.

(2) Fire hazard of sodium carbonate-hydrogen peroxide increased when sodium carbonate-hydrogen peroxide
placed in the saturated moisture generated heat from results of TAM measurements.

(3) The reaction of heat of sodium carbonate-hydrogen peroxide containing water increased proportional to the
water concentration from results of SuperCRC measurements.

(4) Thirty weight percent of sodium carbonate-hydrogen peroxide was consumed from results of TG-DTA

measurements.
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