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Paint is commonly used as an anticorrosive
method for steel structures. However, regularly
maintenance is required, because the coating
film deteriorates due to various environmental
factors.

Partial repainting is generally performed as
a maintenance method. It takes application
period about 4-6 days, sufficient measures do
not take despite the increasing demand for
maintenance, therefore, it requires a better and
easier method than before.

In this report, we describe as a simpler repair
construction

method what we developed

method performance the same as current

heavy-duty anticorrosion coatings.
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Abstract

It was examined that a quantitative analysis
method of Perfluorooctanoic acid (PFOA) desig-
nated as a certain substances that are subject to
extinction under the Stockholm Convention on
Persistent Organic Pollutants (POPs). As a
extraction solvent for PFOA, a solvent having
best compatibility with methanol and sample
was selected, the best conditions were that the
extraction temperature and time were 25°C for
I5minutes. For the concentration and purifica-
tion method, a solid phase extraction method
was selected, and LC/QTOF-MS was used for
the apparatus. In addition, by using the reten-
tion gap method and the internal standard
method using the same-type standard sample, it
could be performed accurate analysis at ppb
level, and a quantitative analysis method of
PFOA was established.
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[ AB ) — VIR E L ORGSR B o FEg (LC/MSH)
L7 =TIV Ry FRIOEEE 7 v ' =75 (LC/MS
H) % K CHRE L 7 WERSRE R % F\ 72,

LC/MSOREEIHICIZS 7 =TV RV v F B fElE 7
vE=7 4 (LC/MSH) %tk THi#E L 7-5mMFER%
TV LIKERE LRS- 72 =)L
(PFOS-PFOAZHTH) % Fil\ a7z,

3.3 REBLUFRH

A A3 v — 7 - s UT-105
HS% w7z,

o7 HEAEE X AR R F - D Model 70002 H
Wiz m B XY — eV A T4 74 v 7B OPPCO
ZEHL7,

B S AT L7 4 — 5 — XD Sep-Paka v
Ly b =2 —=Uniz 7z, BHEANZY + =5 —X
#aOasis WAX Plus Extractionz fH\>7-,

LC/MSIZ7 #+—% —X#DHACQUITY UPLC H-
Class Plus, Xevo G2-XS QTofZ v 7z, 417 Ll
ACQUITY UPLC BEH C18 50X2.1mm, 1.7um
2T, ZDMDSEFIZR IR T,

%2 LC/MSZEAt

H7 L ACQUITY UPLC BEH C18 50X2.1mm, 1.7um

#EHIEA SMMEFER 7 > E = LKA
LC&f+ | 7% Ep1EB ik cd =t NV 2

piiptd 0.35mL/min

TSI NEHE|A:B=99:1~A:B=10:90

174t ESIiZ Negative
BEE—F MS/MS
MSZ
eSS SRER PFOA(m/z 413 > 368.9760)

13C4-PFOA(m/z 417>371.9861)

Y3 IRE— |10V
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4. HBREER

4.1 CEN/TS 15968(2010)

AHIFPFOAD KU E TdH HPFOSD S HHIC BT
2R THHCEN/TS 15968(2010) % HEiciinf 217
o7z, CORIEIZPFOSIR EEHiIPH0.5~50ppb D &
SNSRI S 1%, RO BB L LCPFOS Ol
i K BT 3 KOV T RS I SIWT SR 7 EHSBUE
ShTwz,

4.2. FRE

4.2.1 BRSO

CEN/TS 15968(2010) (2 k5 EihHARIZ A2
J =L At EAEIZ60°C T2 I F i & ST
W5,

W) 2 A DR D 7 IR 33D R
Bla X5 =V EIRALIEZAGRBAB L OBIZT
L RRICITIE DS E U DR E T o7, 28—V 2l
AL T2 LA CGREF R OPFOA% R T
N CERVARBIENEZSND, ZI T, ZNEND
RN U CHIAME D R IR 28 IR L 72, 72k A

D R WIRBHIB R R A 5 — L~ EER LT
B IBEESHER RIS E L I L2 R L7
7o A ISR BB SRR SR 2 25 1
25°C 1547k E it L 72,

4.2.2 KBS oBET

CEN/TS 15968(2010) 12 k% & K5# - st
1Of5 IR L A SEI2 I U TG B AL BRE & 72 1% [ AH By
HIE TR 2L INT05, 2 2 CTRELL IRIEDSH IR
ST E D[R L 2B IR L 72, SR L 3L C
SH ORI Vo NSRBIV REHFIETHD |
S A — 8y P& L CHNR S %2 2R
[FUE 2 ZEDSTE B, [EHIH RO 2 X 11K
T, BRI A =)y o FEANIHNR S TH S
PFOADSBIED DB AR D E LG TH D720,
gl A A Vs WA S 7 AFA T HER L 72,

SR ORI E UTARIR S & bR 25 LIA I Z 2
8 =V IKIBRICIEIR T 20 FD3H 5, Z D10 I
FHBRIC A7 =)V 2RI IR & D AL E
2T o, IOITE LT HECRNE T 2SI TR E
L B THRRT 2 2 LIS X DIEBEZ 10% A D A 5
S —VIKIEHRIZEEE L 72,

FER SN R

) |
O I

E18 (FE38A) (1
MR D E R

A 5
P O P o P P
5 g g8k
D S |

HWET

Pt B

L
B#mMS % —»@
Bl

BT WA R OB
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Bx-2

PFOATE B3 EDHEIL

4.2.3 LC/MS&Aftot

CEN/TS 15968(2010)i2k%ELC-¥ v F LRV
BT E 7 ELC-PY BRI R B oA Foalsk & e
THILLEINTED HiHED - ETHBLC/QTOF-
MSTHI%E L7z, LC/QTOF-MS D% & 5 ¥ % [} 212

T, A7 LIFPFOAEAATED RAVC18% D 57 4
RN B IZPFOADSY ¥ — 77 E— 2L L
THHEN A5 mMAEERE 7 > =7 LKIFHE 72 h =
FMINDT I TV bR BREE L7,

[LC] - BEYERRBE/ FRBEOLEQE(LENT LTHEE

[QTOF-MS] - SBEhADFEAA AL HBET g
- f= P “HE N
HEL. EEERE ——
N [ J
QX o .
)
3 Sk
LC/QTOF-MS - o @D =
L Tyv— prdaat
14 AEER MEE(Q) BRI A1+ RITEB (TOF)
M2 LC/QTOFR-MSOREZM
4.3 SMTEDOREE = 00 | ron

4.3.1 avyIodkk

PFOADEEHEE KL% 0. 1 ppb. 1ppb. 5ppbDIEEEIC
WML 77 v 73k (Oppb) L EBITHIEZfTo 72 2
%.0.1ppb, Ippb., 5ppb & BEZ LD HETR TE 7223,
K3DEHZT7 T v 7R EFCHPFOAD30. 1ppb & [AlFE
JER S e, SRUIBEIMHICATI E L TE EN D
PFOAREEED T 7 0 v #ilh L DA T 2PFOADSR
HEhtibEions, 22 CER FIRMEZ FIF 570
B T A= 77 —DRICT VA5 L2
U BB E R OPFOA DA 2375 L

5ppb

ANs

445 450 455 460 465 4

1ppb

70 4.75 4.80 4.85 4

N\

190 495 500 505 5.10 515 520

445 450 455 460 465 4

0.1ppb

70 4.75 4.80 4.85 4

190 495 500 505 5.10 515 520

445 450 455 460 465 4

%1 0ppb
% (FTZ727)

70 4.75 480 4.85 4

|

90 495 500 505 510 515 520

| TT Tk

445 450 455 460 465 4

70 475 480 485 4

T T T T T T 1 Time
190 495 500 505 510 515 520

M3 PFOARRIEGURHHIE R
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PFOAE EN T FEDHEL
[LC]
ad23DPFOA%
TVHAS LTIy T
B EE (BRER) ERERT TLHT L F—rT 57— DEEHT L
X4 V7viarXry 7EoEK
207
o SHEROPFOA  [)\3689733 TBEE, BER (143) OPFOA
1ppb = \a 5.60
368.9733
o T T T T IRARRERARAN T T T T T RN AR RN AL RS IULLLE AR LR | T T T T 1
480 430 500 510 520 530 540 550 560 /] 670 580 590 600 6.0
100
Oppb 2 N 560
(F529)° 1 T*ﬁﬂj\ 368.9772
D T T 1 T 1 T TTTTTT T T 1 T 1 T 1 T 1 T T 1 T 1 T 1 ""'I-l—ir.ne
480 430 500 510 520 530 540 &A1 560 570 580 590 600 6.10

M5 VT ayF¥ vy 7P Mg OPFOAFEHERLURHANE KR

TBHHRDPFOAL 7T 5 2L TED Y T a
Xy 7BV EROTHIEZITIZEE L VTV
arX vy 7 HEOMEKZ KR, )T aryXy
v 7RO THENE 2707225 K5DLH I
77 v 7 RHISEAR R OPFOAD E— 7 3BT S
o, ZDZLEDYTrrarXry 7LD
SPFOADE RN FIEIHEL TV B I EAVRENT,

4.3.2 MIEOHIIE

PFOADIEHEZA K2 100ppbIlc AL FEH HhH o
BATHIE 5 EINEAI83.4% LK T L7z, Z4UdH]
PRI X > TPFOADMILHEIME T LD EEZS
N5, % 2 TPFOA LRI UALAAREIE D 72 D HT LR IR
A RP—HL D OEEP R 57O LC/MSTH]
HIAlEE T dH 2PFOAD LA (P Ca-PFOA) Z LN
RERHE YR 2 -l W CHIE 217 - 72, PFOA E PFOA A7
ROWEREFA2 K6, NEBEEHEZ RN 7220~
100ppb THO—H DI E DPFOAREHES R 2 T L
7oA RO E RER2130.99954TH h RAf

RIEARVEDMR S L7, NEBEEHE 2 VT 100ppb D
PFOAHERARIZ FHEEMIE L 7 L 2 A M IER O E &
flilix104ppbTdH H 100ppbITEVEZ RN L 72, 2D T
& X0 NS EEAE o0 3# FH HSPFOA D & B2y B Tk 128
LTWBIEDIRENT,

B UARERRFRE B H 368.9772

M fragment]”
m PFOA / - / [ gment]
R s
REudEEHT
% % H]
R A Y

400410420 430 440 450 460 uuuw/ﬁn 500 5.10 520 530 540 550 560

371.9895

"| 13C+-PFOA ||

[\ 416.9798
]\ 372.1831

400410420 430 440 450 460 410 480 450 500 510 520 530 540 550 560

310320 330 340 350 360 370 380 390 400 410 420 430 440 450

YAYAYNI 74 (m/z 368.9760, 371.9861) TRAANYPMIV

X|6 PFOA, PFOARI Az (A R ERUBHANE A 2R
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4.5 ERFEBSANDER

AW CHENT L 72 Fik % F\ O CPFOATR EE A BEA
T 53O BT FER 2 HIE U7, i 2 R 31R
T EAIOME L FRR A EDE S T D AFIRILHEY)
THDHIEDERI NI,
¥ EBEORELE LCPTFEO BT M2 B L O
PFOA X S i 2 H DI E 247 - 72, fi 2 241N
F, PEOAXH R M Z BT £ U L TE 1 9 5 PFOATR
FEDMEIRL T2 ZEDVHIBAL 72, RFIRIC KD £ 50k
DPFOAGHIRENHMEL ) ZoERZ B LIS
PFOAM G %5 Z EHSHREE 22572,

K3 SRR ORI A R

PFOAJRRE

=5t AR CHESLL /= F A TRIEL/-1E BEFRIOD1E
HAA 2ppb <10ppb
KB 77ppb 80ppb
HHC 635ppb 790ppb
¢4 FIRLOHIE RE R
At PFOAERE
BT 983ppb
PTFE(A)
PFOAZTSR & 55ppb
BT 451ppb
PTFE(B)
PFOAZT R & 6ppb

5. F&&

PFOAD ARGt K R SR th B L O
LC/MS&A:7e EDitic X D PFOARE B4 i Fikds
WL ST, S SIS MT FIRORGE & 36 % EHaa -
LI ppbL NV DREED B\ HT s AR L 2> 7z,
A TFIEDOMENTIT X Sk 1R S X OV o i ¢
KD ROWPFOAE B2 nRE L L BRI ICHLIE L
7B EVED B CEF OB ED TS,

SEXH

1) B AR R s UL P SE BT 2 v o — W SE i
No.20/2014
LC-TOFMSZ M\ 7= 87 v RALEM D)5
DEf

2) fhe 2 AR, J\EARE 2 E
Ca T IRBRBE A e £ v — ) (BRI /K - B -
EYhoV 7Vt ut sy 2V kg (PFOS)
V7t at sy o (PFOA) D43t

3)CEN/TS 15968(2010)

4) 7L b r/aY—Raatt
77—y av/—F UHPLC
WA 7 F—Ty M) PVINERRS v 7 NVE =iz
Ho-ghsk i~ b)Yy 7 2hdPFOSE X
PFOADTE &

5) e ifE s IR 7L AN AR
TLIRDESR (HAY 4 — 8 —X) |
rhip o (e L R BRI Fi 2 v 8 —)
B 18R L AR RS RAY —FEE
UPLC_MS_MSIZBII3VTvyaryXyy 7 k%s
F272PFCs 4y #t
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Development of Solvent-Borne Coatings with Occurrence

Reduced Air Pollutants (Ozone)

Technical Department, Paint Technical Group

BZ{tFHA et
AR BRI —T
NITTO CHEMICAL CO., LTD.

b Pl
Takanori HORI

2 B

BERFRE O HARTIRIELL LR E D HE
T REATERE DRI E o 74 S MES T AL
720 SO XD B RFIGRYNE 2 6 E R OMEFEZRSFD |
BB AR 2T 2 L2 HNE LTRRTG S 17503
TSN BRI RICB LTI PERDEHIG SR
DOARV O CEERE ARMESERLE Vo 7 RIS S
2V O COPEHRICHE H L BB s IS R OB FE A3
HEDSNTER, 22T VOCHEORATGRWE (£
V') DA REN & B fEAL L 7M1 R (Maximum
Incremental Reactivity) IC#H L. K PER} & A%
DB RGBS E & 7 o IR KIS R 2 BAFE L 72 D
THE TS,

Abstract

In Japan during the period of high economic
growth, behind the high economic growth,
social problems such as an increase in air pollut-
ants occurred. The Air Pollution Control Law
was enforced with the aim of protecting both
global environment and the health of the people
from such air pollutants. In the paint industry,
the development of environmentally friendly
coatings focused on the emissions of VOC vola-
tilized in atmosphere, such as conventional
solvent-borne coatings to low VOC coatings and
water-borne coatings has been promoted.

This reports the development of a solvent-
borne coatings materials that enables compa-
rable adapted to the environment to water-
borne coatings, focusing on a Maximum Incre-
mental Reactivity that quantifies the production
efficiency of air pollutants (ozone)for each VOC.
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1. FU&IC

18k IR E > 7 e Fam DARE HE E L w3
TABOHIBFELCE 7, L L2 okt NS
B E 720 ) DEEEMES L T0 5, ZDED
—OWRLIGRTH S,

KRGO TH, Db EREy 7 R KYE T
% 5VOC (Volatile Organic Compounds fHFEMEA
WALEY)) 2 M8 2 HLD AT D TIE 20064E D
BOE KR 5TE Bebi 1R s Had T DARE | fikfoe 12 2 S 4T
B IRAICHIBEAICH 2, Lo Lsoso PR E LT
Mkl DD 2EA IR E N (K1),

VOCHEHHREBD
1600000 HRHIRBOHE
W= Dt O = HH
IR 7 - (S <HER] ORIA 7 V—=27 FEHl
1400000 1 -y === B R T B B
— BT A & FIRA %
lﬂ' 1200000 4+ - - - - ==l WREHR A )
~ W Rk
2000000 | Ml [ FFEEOSVEC osEFCHIER |
" =
H 800000 | - MM
= — ]
8 H = H E =
S 600000+ - O " 5 5 5 B
] - —
400000 1 - - -
200000 -
o
2000 2006 2008 2010 2012 2014 2016 2018

M1 VOCidEtiRDHER

HALE RIS
+ SOx,.NOx, VOC—PM2.5
+ NOx.VOC
—HALEA RS H R (05)

M2 VOCORRKIGHANZA L

FAFE AT Y FHAED XA = A L% K2R T, Bk
BEICEHEENBHVOCIEZE LI E NS &K EIC
BENDEINRICKD  BRPOERBRY 2L
PANVKIGERIL AV =T X T F I A
FL—F (PAN) ED AL EA X v bR FESH

2, ZONALEA F VI DRESLZETHLE (B
) oo TREE DL ARE Y 7 LIRS (IK3)

X3 ek REey s

JAAIDED b EREY ZIEANRICHETH LD
HAb A X &> P22 hRE T, TR fE DY
0.06ppmBL N TH2 I & WEREHHEL LT IT o
T3, L2L. . VOCOHIEIZET D  ZOEREIFHED
FERRIZBAEL%ITHE 722 VW ODEIRTH B
ARHTIE, ZORTERE YD — B &3 ROEFIE R
THY D6 KRR FSFEOBIEVERE D F h K IE
BRI R TRATG R E DT R HIR S L7
EIRFIE R 2B 7 I BIF L DTl 32,

2. ZRRFAORBEMDEZENSDRE

BRI, 8BS Lol emE R o2 H
MIZVOCHEEFNTEN  VOCE L CHEH L) 285,
THD, 2D SERERTIIEHRT2VOCHIK
ZHIE LR BRI B ol s 05 s
T3, BERIITIZ ALK L 2 £ 233816
N, WTNS KRRV E DOHIEICEF 5L KR5T5 54
RIDBGEIE R 2 H T2, Lo LZ D, VA
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RN AEIR 235 <R D) e di iz h B L |
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SRl DB RS RTE SR UCREETL 72,

X4 SERAIT RI7 LA

M5 KRS SHBLEE (R )

3. FARZBHORIEMEEE

3.1. REMEEEMIR
(Maximum Incremental Reactivity)

VOCOHFEMIZZ DR E DFMED AL 5T
BRI D 4V RPANE VS AL FEA F 4~ b
DHERICH Y VOCKHETZDEREN RS, 2D
IV DA EEIZMIR (Maximum Incremental
Reactivity) i CaMli X159, MIRfHIZ1gHVOC
POFETEIAY VDB ERTHETH AV VIFK
RIGRDIERE 00 LA X b THBHI LD
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)% 2
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EERR T F I

0 5 10 15
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X6 F2VOCHMIRE

LK FERBEAITEIHR SN TOEIRTINVAEY v b
(39AAD) I RIEAITH L LIy PF L AN
MIRMEASINSMiE & 722 Z E SR TE D, 2D T EDS,
AR RSB AT R L D SEBRIIC R W E SN
LD —DTHL, L L5, IFTNVAEY v b
3T B IERAKFERIBRITH L I XAF LR LY
2L ETHBLHD K6 TRTLII, TFTILAEY
v FAOMIRAHE I 250V AE Y v FBOMIRfE L D &
CCMLVZ Vv ERERWEEZRS>TWED, 2D X I,
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RRBRYE (V) OREMERS NICFRIT BRI DR

VOCOMIRfHICEH T2 Z EIFBE I Ic B\ W T EE
THH MIREAIME AR 2 IR 2 2 L CTEREEICE
LWEERIZESZ T EL 25,

3.2. EROKE

DL D Z eIz 2, i i AR 1B L kb B
FdrItrare M LY =N R T AEHAIEL
TEE L7, ISP SN A VOCE Z v 22 fR D
SN 5L BRORAEHAILZIT -7,

BT BRI DAL E IR Z R NN T IAFIE AR

1 BAFEM ORI & MR
IRFIAEE
. Ll 5% T3 ARE
il B AT v —
BEIKR S I45/—Iuth
piliE= 2T 90%LI E
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RAFEE (wet) 200um
HBLEE/EE I%/—Ib
BRI RIAE (V7O 7ILa—IL

10%ANE L HHLCQWSIBEAIDSEH L Fx 2y /) —
NWET LA R U IFE SR L, £/ H
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7.8) o ZDXI) BRI TIENER I I ML I

X8

— 7 I (%)

8225 DEPLIZ CHEDEFT LISV E BRI XY v F b1

51B99,

BAFSICBI L TR b AR L 22 BREEE B Ic > W T IR
D& FEREEY) 0 BB R wek L IR S OMIRfE % |
B SDSORFIGHEZ D LICHEIH LR R e &2
R IBHD LY ) — L ~DIE S Z LARAEHIGIC X

22 Tl B akie
FAFEmOMI Rl
P B35 | BHOMRE
BRBH| % | gmOs/gm Paint
?ﬁéﬁ%ﬁ LR 37 16
EEZEHB | 3xJLIEYb 0 .
(BEATER) | ne :
EHABKC | MLI> *L
UEERTER) | e 20 09
BHEZERD |k ITFILEO
(kiR wnone | % 02
ERHRBHIE o
(BI%5) I2/—-IVgE 8 0.2

. BT OMIRAE XK ME SR AL & 2 2 & D35y

5,

W\ T RATGRDEZ DT K TH 2 A F o

M7 B

1
Ho

DL (FldLzzs)

%1 (0s) DFARIIMIRMEZZ T Tl BRI il
AR THERIND Lo BfEZHEEL.,
120 mDEIE T I i D2 K BRI T > 728
GCRETIAY v OREFEBL(X9),
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Zf112JIS K 5600-7-1:19991HEHLL 7=, £ 7=, 3Rk
RFENE 720 & L 7=,

Btz DB DO N T DY VIEZHH RS
& BHFE M DTt B MR A A SR K M kL & A
JETHh-7-(¥10),
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