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Method for Measuring Purity of Polyethylene-terephthalate

TOKUOKA Taisei” , ISHIKAWA Tomohiro® and WATANABE Hiroyuki”
*Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba, 277-0882 Japan

Polyethylene-terephthalate (PET) having a viscosity number of 78 ml/g or higher is classified into 3907.61 of the Customs

Tariff Schedule. In particular, PET classified into 3907.61 originating in China (excluding Hong Kong and Macao) is the target

of Anti-Dumping Duty and higher tariffs are imposed thereon. Therefore, it is important to analyze the viscosity number for

PET originating in China (excluding Hong Kong and Macao). According to the Explanation Note, the viscosity number

measurement is to be calculated in accordance with the 1SO standard 1628-5 which prescribes that it is to be measured by a

Ubbelohde viscometer. 1SO standard stipulates that the PET content in a sample should be calculated if one or several

additives are included during the preparation. In this study, the method for measuring the purity of PET by *H-gNMR was

examined, using the PET standard and simulated samples which are composed of mixtures of PET standard and SiO..

Relaxation delay of 70s which is more than 7 times T1 was appropriate. There was approximately a 1% difference between

measurements by *H-qNMR and theoretical values, thus verifying the accuracy of this method.
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B 0.2602 0.0675

2.7.2 NMR &R

YRS, B A R OVB 2R Blo 722 o NMR
BT, PEREME L LT AF L ALR L 0.0327 g, 0.0351 g KO}
0.0334 g #ZNEFNEVIY, bV 74 afEE-d 2 NMR 326
EDIEEID dem DE S ETINAT-.

NMR BBHE DN % PTFE OBZ M LT, HwiliRiE X v
EEBICEREIAAE LWL D ICHERE LR D, |RIETHERL, ¥
—IEfE S, ERE S Lz,

2.7.3 PET#R® H-NMR AR M LDOWESR

RHERL &2 VT, NMR BIEZAITWARY M OfERE T -7z,

F72, PETIZHRTAK T VT AR ONEEDE CTH LY AT
IWANKR Y DY T FIAZER Y BRVIHERL, = MIH
K% v 7 F N ORESHED T E R O R 5> 7
F IO TR L=,

2.7.4 FEAIEICH T SBEFFEEHEOBKRE

B bR Z 15 60 B ORI TEE Ll SHRIEZITVY,
MR AT 22 TO T FFGRED, IS L 72
S TR B 2 FEFRs ] (Ty) & Uiz, BOAZMERL) & FEfnAs
LEFEOGFCTH B OV AV LR (T 1, Tio 74500k
ICRET D Z LI LY, Bz Rk 99.9 %L LRIE S+



101

BB R #5561

HZENTE, oD 10520 BICHE L723AITIE, 99.995%0 F
FESEHZLENTEHIEND Y, ﬂ)x@”ﬂi %, T 7 ERW
10 fi% & 70 DAEFIFE B REH] A2 3% E L 7.

275 BERRUEERRMOMEARIE

JSATIE, BCHETH v 7Y v T OFEIZDWT ON & OFF ©
2 ODEMOFLHNH DH. ON ITHE LIHA TIL, EERY
TFND BCHTTA T T FNTNOT 7 I L B DA
BEMERBOTZENTEDLAY v 3B DD, MOKHORES
HENZATO 2 ENEEL L, EMRL 2D AR SH D L0 ) A
BT AV Y FTHD.

—J, OFF IZRAE LT=HETIL, BCYT 74 by 7 FAnim
MO T TN EERDEEPR S DD, BC YT I N T FVE
B2 KMOBREEIT>TWDAEHHY, Y774 v 7
NEBRZIZTHZ LT, EOaKMEZERIZRE LTS RD N
IAV Y "B D.

AHGETIL, TH v 7V > 3%E ON & OFF Offi 712 X B HlE
R T LT, BONTEARY ML E 252 1R L2 5k T
Hrth, PET HROFL=> b KT A F VAR OFFE %
K, 26 1R LICMBEFHE LT, PET OMEZ B U7, fifE
B A KON B O PET OMIE OBERRIEIE, RS ORFUEE I ERS R
FoEH L.

3. MRKOBE

3.1 PET{Z#ER 0 H-NMR ARY M LDOFER

FEYES 2 DT, H—NMR HIEZATV, MEFHRICAE 5
TFNOREREAT o 7. BEHERD HH—NMR A2 L% Fig. 112
AT, Fig.1(@ & NMRT—HR—2 3 2Lz 2 A,

SIFIVA L TEUBEI =y R

7B - mF LY a—a=y b
FNAC s VFLo Y a—a=y k
vIFIAD  VEFLUZYa—la=y b
VIFNVE o UAFIVANKRY

EESETZ)?M)& BT 52 EN T

DAFIAVR CHED Y IV E L, PETICHKET 552 7T
N FIFTEECE TNA T D, NIEIEEWE X LAY 5
ZekLr

5.0 ppm fHEEEJER L7z Fig. L (0)&F RA L, =F Lo 7Y a—u
2=y MCHRT DI FILVEOZED BC Y7 T4 b7,
VEFLr U Y a—ra=y MHKTHDLV TN C LERST
Wa., V7NV CEODIE, YveFLrrYa—a=y MK
THY, NSOV TS /NTHINT 577 AR 2ETH Y,
I FNABREIRR USR5 72, 7 I B BN C 2 —HE RIS
L, 7D OEMEERAETSZ LT, =F L s a—ia
=y FORGEE Lz,

1, THMBA= Y ORI, V7TV ADRSMEE L,
VEF LT a—a=y NOESEE, ¥ 7V D OFESED
2fFzTHZ L L.

28, OB RN Trolo v 7 D ARG L, LR

7o &b L.
A A
| f B B
—0+-c C=0— —C—+0—CH,—CH,—0+-C—
| = | [} I
el E
= =0—CH,— CH,— 0 — CH,—CH,— O0+C— H,— 5= CH,
[ II
(4]
| |
| A B E
| | |
H | [ |
| |
I | e
Il
I I
|
| | ||
| | 1 |
m an ‘|;
__.,._JL) M .._JI l\-...ill-.a_i’l L__.._
TSR TSRS REEE RS T LIRS TR TSR T R
Fig.1(a) 'H—NMR spectra of Standard
c
B
12C satellite si_gnals
60 "’ N 5.0

Fig. 1 (b) H—NMR spectra of Standard enlarged around the 5 ppm.
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Fig.2 (a) Intensity of signal A each relaxation delay.

° e o

Intensity

o 10 20 a0 50 60 0
Relaxatlon delay (s)

Fig. 2 (b) Intensity of signal E each relaxation delay.
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Fig. 3 (a) 'H-NMR spectra of Standard at each relaxation delay
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Fig. 3 (b) H-NMR spectra of Sample A at each relaxation delay
(Decoupling OFF).
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Fig. 3(c) 'H-NMR spectra of Sample B at each relaxation delay
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Fig. 4 'H-NMR spectra of decoupling ON and OFF.
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Table2 PET purity (%) of Standard, Sample A and B at each relaxation delay by *H-NMR (Decoupling OFF)
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Sample Relaxation Integral value Theoretical
delay () PET purity Average of value
A B C D E (%) purity (%) )
of purity (%)
Standard 481.8578 470.0418 10.0000 10.0000 152.3474 99.5
70s 482.7745 470.8360 10.0000 10.0000 152.6780 99.5 99.5
488.9598 477.1161 10.0000 10.0000 154.4257 99.6
477.7616 465.9055 10.0000 10.0000 151.1213 99.5
100s 486.2773 474.3560 10.0000 10.0000 153.5961 99.6 99.5
476.7232 464.8521 10.0000 10.0000 150.9185 99.5
Sample A 463.7109 452.2922 10.0000 10.0000 177.1596 89.1
70s 479.4638 468.0741 10.0000 10.0000 182.5981 89.4 89.3
480.4495 468.8014 10.0000 10.0000 183.0241 89.4
480.4495 468.8014 10.0000 10.0000 183.0241 89.4 85
100s 470.9526 459.3744 10.0000 10.0000 179.6119 89.3 89.3
473.5560 461.9401 10.0000 10.0000 180.5503 89.3
Sample B 482.9949 471.3652 10.0000 10.0000 188.4989 80.1
70s 482.9949 471.3652 10.0000 10.0000 188.4989 80.1 80.1
475.6912 463.9874 10.0000 10.0000 185.8157 80.1
485.9329 474.2629 10.0000 10.0000 189.5536 80.2 790
100s 486.8016 475.2890 10.0000 10.0000 189.8623 80.2 80.1
481.9734 470.2073 10.0000 10.0000 188.2265 80.1
Table 3 PET purity (%) of Standard, Sample A and B at each relaxation delay by *H-NMR (Decoupling ON)
Sample Relaxation Integral value ) Theoretical
delay (5 PET purity Average of valte
A B c D E (%) purity (%) )
of purity (%)
Standard 457.6440 448.1952 10.0000 10.0000 144.6500 99.7
70s 461.4738 452.0978 10.0000 10.0000 145.6958 99.8 99.8
457.8207 448.3718 10.0000 10.0000 144.4489 99.9
446.0810 436.2982 10.0000 10.0000 140.9904 99.7
100s 447.8650 438.1347 10.0000 10.0000 141.3054 99.9 99.8
446.8880 437.1394 10.0000 10.0000 140.9362 99.9
Sample A 468.9019 460.8048 10.0000 10.0000 178.2614 89.5
70s 465.8150 456.2535 10.0000 10.0000 177.3806 89.5 89.6
465.5941 457.5287 10.0000 10.0000 177.1079 89.7
464.3208 455.9371 10.0000 10.0000 176.7513 89.6 88
100s 464.0247 455.7071 10.0000 10.0000 176.6855 89.6 89.6
460.8867 4525555 10.0000 10.0000 1755295 89.6
Sample B 462.1339 4515579 10.0000 10.0000 180.0976 80.3
70s 464.7668 4543711 10.0000 10.0000 180.9832 80.4 80.3
468.7815 458.0916 10.0000 10.0000 182.6326 80.3
468.4936 457.8066 10.0000 10.0000 182.4517 80.3 792
100s 465.4504 454.8007 10.0000 10.0000 181.2931 80.3 80.3
468.4133 457.9151 10.0000 10.0000 182.4337 80.4
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