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Determination of phenolic resin concentration in particulate matter
accumulated on roads by hydrothermal decomposition-GC
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A new type of method for determining concentration of phenolic resin in accumulated
particulate matter on roads by hydrothermal decomposition-gas chromatography (GC)
with methylation was investigated. After extracting particulate matter samples with tet-
rahydrofuran in an ultrasonic wave generator, 9 ul of extract was encapsulated in a pyrex
glass capsule of 18 mm length and 0.8 mm i.d. with 0.5 pl of tetramethyl ammonium hy-
droxide as the methylating agent. The capsule was put in a cup of ferromagnetic material
having a curie point of 235°C, and hydrothermal decomposition with methylation was
done for 9 sec using a curie-point pyrolyzer. The capsule, after the tip was chipped off,
was put in a cup of ferromagnetic material having a curie-point of 445°C, and thermal de-
sorption was done for 9 sec in a pyrolyzer. Hydrothermal desorped decompozates were
analyzed by GC. A linear relation between the amount of anisole produced and the con-
centration of phenolic resin was obtained. Reproducibility of the produced amount of
anisole was 3.6% at the relative standard deviation when 300 ug of phenolic resin was
analyzed with 6 repeated measurements. The concentration of phenolic resin in accumu-
lated particulate matter samples on roads was measured. As a result, phenolic resin of
120~250 pg/g-dust was detected, and the concentration of asbestos estimated from the
concentration of the phenolic resin particles was 0.044 to 0.092 wt%.

Keywords : hydrothermal decomposition-GC; curie point pyrolyzer; phenolic resin; ani-
sole; asbestos.
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Table 1 Operating conditions for hydrothermal de-

composition gas chromatograph

Gas chromatograph GC-8APF (Shimadzu)

Detector FID
Carrier gas He
Column CBP5-M25-025 (Shimadzu)

5% phenylmethyl silicone,
fused silica capillary column,
length 25 m, i.d. 0.25 um
Temperature :

Column temperature 70~160°C (4°C/min)
Injection and detector

temperature 220°C and 220°C
Pyrolyzer JHP-22 (Japan Analytical Ind.)
Temperature

Pipe temperature 170°C

Oven temperature 170°C

Hydrothermal decomposition
temperature and time 235°C and 9.0's
Thermal desorption

temperature and time 445°C and 9.0's

23 SFFEIE

BEULEBEIWEN UAZEZERE, 40 A v ¥a
D3BHVWTHANTEBRELL. BohipUAEM
10g IZ THF 10ml 20 %, BFHK (150 W, 10 min)
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Fig. 1 Typical pyrogram of novolak type phenolic
resin

a: anisole; b: phenol; c: o-methoxy toluene; d: p-
methoxy toluene; e: o-cresol; f: p-cresol; g: 2,6-
xylenol; h: 2,4-xylenol
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Fig. 2 Model of hydrothermal decomposition and
methylation for phenolic resin
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Added amount of TMAH solution/ pl

Fig. 3 Relationship between the added amount of
TMAH and the produced amount of anisole and
phenol

O: anisole; @: phenol

Produced amount of anisole and phenol/ug

Time/s

Fig. 4 Relationship between the hydrothermal de-
composition time and the produced amount of ani-
sole and phenol

QO: anisole; @: phenol
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Fig. 5 Calibration curves for novolac type phenolic
resins

a: average; b: plyophen J-363; c: plyophen J-375;
d: plyophen BA-5097; e: plyophen 5510; f: varcum
TD-2033

U, 6.0~9.0 WHETIZ 4.7~50pg/(300pug 7 = / —
BE) L 3F—FELL-7. T, BBV T =V —
VEREZ G A 2 9.0 WEZREAKBRSHRHE LTz

34 Jx/—IVBIEKBRSBBET V- IVEHRR
& DER R R HRFIRE

TU—FEEMOEERE UTHERINE /KT v
BD7 x /— VRS, Plyophen J-363, J-375, 5510,
BA-5097 BT Varcum TD-2033 (2D W T, 7KEGT R
P (10~300pg) &7 =V —VEREE OBFRAER
b, SHEEDO7 « /- VBIFEDOFEH 2 B ZER U
fo. 5 BEO7 =/ —VEIIEDOREROEGE, 7=
V- VERE%Z Calug) RUO7 2/ —VEHEE % Cp

(ug) &9 5&, ROBEBEMSELNT. S BRERE
Fig. 5 KR U T2,
Ca=0.020X Cp (1)

7z /= VEBEOBEIC LY, KEASHBEIINTET
=V VOEBERODINICERZ S, FHYUL LBRER
IR TEBERBHRD T ./ — VEHE ORI E R 2B E %
FIRICEHT 5 ENTE 5.
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Fig. 6 Pyrograms of brake friction material,

asphalt, engine oils and tire tread particles
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Table 2 Detected amounts of anisole and phenolic
resin in particulate matter accumulated on
roads around Shin-morobuchi tunnel

Amount

Distance from road/

m Anisole/ Phenolic resin/
ug S —
ug wt %
0 (tunnel entrance) 0.15 15.0 0.017
8 0.30 22.3 0.025
15 0.06 10.5 0.012
50 0 0 0

3.6 HEEELE/AVRBLAORRE
HMRNROILFES T, BEEEDBEICH 5 HeEH b
YANGEDERE L OEN CARREL, KEIZLD
BMUARDT =/ — VEISBEDRIE RS 1. B LA
AR, PUANVAVORUCERSEELD 8, 15 B 50
mBENEMETHRELZLOEBVE. HREHSD
BEILESTH S0, BontEBERCA
W, FICRBEREICERT L0 haRZBThH
B, BHMHRICBIBZBUEARD T 2 /) - LiEIEEE S
Table 2 IZ/R U2, b ANVADO, 8, 15 K 50m
WRTO7 = /- VEIEERE R, ZhZAR 0017,
0.025, 0.012 R 0wt% THo1:. ZORER» S, X
WEHEBICIERT 5 7 =/ — VS U A SRS I S
MR DI OET B 55, ERICIEE U A R4S &
D mBENTZECAIZEVWETA2EAICHEE NS,
ZhiE, ZBKBIDETICHEL b Y A VA Y OASED K
SREBL, BEULIHUALGRELTCEVET S - &
KEBbDEEZLND. X, HEBEDPHBNDIZHE-T
7/ - VERREXETUL TS, mERED S K
ENTT 2/ = VEISIED R ELREED S 15m D
HMRAETRELTWAEIENHOhEL 12, 25
T, TV FEEMIIEARIELTAENE 72—
BIEOBEROEME LTEETNET AR FOSEE
B, ENENF 82% RV 30% THEI &Eh57,
RHU7 2/ - VEBIISEEIC RS &, B UATICEE
TAHTARZ FOBEIE 0.044~0.091 wt% TdH 5 & H#He
BHU.

X 79

1) KEER: BERT AR 67, 768 (1994)

2) C. N. Cascaval, D. Rosu: Rev. Roum. Chim., 36,
1331 (1991).

3) C.N. Cascaval: Eur. Polym. J., 30, 969 (1994) .

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

920 BUNSEKI KAGAKU Vol. 45 (1996)

4) 7EE &, B M, R OBIE, IRER, Bt 9) A. Onishi, S. Uchino, N. Oguri, X. Jin: Anal.
18t ML (Bunseki Kagaku), 33, 276 (1984). Sci., 10, 271 (1994).

5) T. Saito: Anal. Chim. Acta.; 276, 295 (1993). 10) N. Oguri, A. Onishi, S. Uchino, K. Nakahashi, N.

6) WEE B BFEREIE, 2,173 (1992). Yamasaki, X. Jin: J. High Resolut. Chromatogr., 16,

7) T. Saito: Anal. Sci., 7, 901 (1991). 597 (1993).

8) KEEESR: A ®E (Bunseki), 1994, 903.

E =

AF AL EPES KBASR GC ITEY, TV - VaEELEHE LIEB EZOBEH CAROD T
) — VEHEBEOEEEARE L. MUAZT FIe RO 75 v ARWCBEERME U TR S
M oW &, A FIUEHTHBKELET FIAFVT VEZT L 05W LI, BS 18mm, WE
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#%, HOF2—Y —EN 445°C OBEMRD H v TICANTESREE T 9 DHBREZTY. Bl
EXNIKBOBERY A Y T4 VICER LKL GC XLV B Z{To72. ERLIET =Y -V
OEREE 7 x / — VEISRE & OIS LAIBRSB L N, TV - VAEKBOHHRMLDS 300 ug O
IS A2 OHT L7z & S ICHMERRET 36% (h=6) LRIFTH-1z. REICKVEBELOERRUA
D7z —VEBISEBEZ L2 & 25, 120~250 ug/g-dust SRR S h, BEIZZD7 = / — VElE
B UAIERT ST AN b OB 0.044~0.092wt% TH A EHEES NI
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