METHOD FOR MEASURI NG CONCENTRATI ON OF STABLE FREE RADI CAL COVPOUND FI ELD OF
THE | NVENTI ON The present invention relates to a nethod for neasuring the
concentration of a stable free radical conmpound in a fluid in a process of
treating a radical polynerizable conpound containing the stable free -

radi cal conpound. BACKGROUND OF THE | NVENTI ON Radi cal pol ynerizable
conpounds such as ethylene, propylene, butadiene, acrylic acid, acrylates,
met hacrylic acid, methacrylates, acrylonitrile, nmethacrylonitrile,

styrene, maleic acid and vinyl acetate, or m xtures containing two or nore
of them proceed i MEBHORaFORpHMERSURINGt CONCENTRAG Ta@et iocen of heat, peroxi des,
nmetal 1ons and the like to produce polynerized products, which adhere to
distilling colums, re&@ARNE GREENTRAD TGN CeMrd@yer s such as reboil ers,
liquid transportation pipes, and the inner parts of apparatuses to result
in serious operational obstacles such as a reduction in heat conductivity
and cl oggi ng of the |iqui FREEhSIOITHEE | BVENIH@$. According to

ci rcunstances, it beconmes necessary to interrupt the operation and renove
the pol yneri 78 peodsers, whivenrtsemet inals temiseto coasumptthod offdruge cost
and tinme. For solving this problem nethods of inhibiting polynerization by
addi t i oPedFUPBRYneER2at FORCPRKFBEESRS ©fave bé&abdsed fzae t madistadneri zati on

inhibitors, there have been w dely used aronmatic am ne conpounds,
compound in a fluid in a  process of treating a radical

polymerizable compound containing the stable free radical
compound .

BACKGROUND OF THE INVENTION

Radical polymerizable compounds such as ethylene,
propylene, butadiene, acrylic acid, acrylates, methacrylic
acid, methacrylates, acrylonitrile, methacrylonitrile,
styrene, maleic acid and vinyl acetate, or mixtures
containing two or more of them proceed in radical
polymerization by the act;on of heat, peroxides, metal
ions and the like to produce polymerized products, which
adhere to distilling columns, reaction columns, heat
exchangers such as reboilers, liquid transportation pipes,
and the inner parts of apparatuses to result in serious
operational obstacles such as a reduction in heat
conductivity and clogging of the 1liquid transportation
pipes. According to circumstances, it becomes necessary
to interrupt the operation and remove the polymerized
products, which sometimes causes consumption of huge cost

and time.



hydr oxyl am ne conpounds, phenol conpounds, qui none conpounds and nitrous
acid conpounds. In recent years, however, attention has been focused on
stable free radical conpounds having steric hindrance groups represented by
2,2,6, 6-tetranet hyl pi peridi ne-1-oxyl because of their extrenely high

pol yneri zation inhibition effect. The pol ynerization inhibition of

pol yneri zabl e wunsaturated conpounds by N oxyl conpounds has been disclosed
i n Japanese Patent 2818977 (corresponding to WW96/16921) , JP-B-4-26639
(corresponding to W)87/04179), JP-A-10-1505, JP-A-10-158313,

JP- A- 10- 182549 JPoAVIRT 183605, RED1IPut erte D @de, 286 anohIPiAing- 222462
(The term "JP-A" as used herein nmeans an "unexam ned published Japanese
pat ent RPpMeatidiomndy hadddithorypol: rlymesizpsiern #BARBLI&ARTSexan ned
Japanese ‘Fatent publication"). The stable free radical conpounds scarcely

react X{h BEER IRt peliudde RAETTRFRRRFORAI PP idige 1t oupBeTar e

adjacent to radicals in t{[1e stable free radjcal conpounds, but can rapidly

r eact \%Tﬁe raditdl s foiithe ¥t cal2PUINET i zaBMERConpGORAS U EESi nhi bi t

polymsr}i1 zc?ti 0 .ami'l'rpee coggrtl{rrgti n of the radicals of th stabl e free radical

conpounds Thus Proceeds; 5o tHaf 't he g6 irer i Zat 10 " hhi bi BF3R°Bffect is

| ost | e e I 13 Lcient. £o Lon, sulting in_the sane state
ghé:%ociéécﬁé. a8k &f&%ﬁ P £ nggﬁéé%% {S. "i'_Jﬁcye’rgtf BICLLD

that n yneri zation rnhibitor 1s a ndustri a

vi ewpoi fi, AfeS2f £t Y RPLEAT hQD: bR Fhahled e Jadical frggﬁpgaggglafe used

in large amounts 1 n many cases, and added exceeding a required anount,

whi ch rabgesu s SGNAY CakePieblieMain Bl hed-Ngss t hensfus dgenpgagerly
2,2,6,6-tetramethylpiperidine-1l-oxyl because of their
extremely high polymerization inhibition effect.

The polymerization inhibition of polymerizable
unsaturated compounds by N-oxyl compounds has been
disclosed in Japanese Patent 2818977 (corresponding to
W096/16921), JP-B-4-26639 (corresponding to W087/04179),
JP-A~-10-1505, JP-A-10-158313, JP-A-10-182545, JP-A-10-
182605, U.S. Patent 5,880,230 and JP-A-11-222462 (The term
“JP-A” as used herein means an “unexamined published
Japanese patent application” and the term “JP-B"” as used
herein means an “examined Japanese patent publication’).

The stable free radical compounds scarcely react
with each other because three-dimensionally large groups
are adjacent to radicals in the stable free radical
compounds, but can rapidly react with radicals from the
radical polymerizable compounds to inhibit polymerization.

The consumption of the radicals of the stable free radical

compounds thus proceeds, so that the polymerization

inhibition effect 1s lost in the state of insufficient



desired by which the concentration of the stable free radical conpounds can

be nmeasured for a short period of tine so that the conpounds can be added

depending on fluctuations in process conditions. It has been discl'ased in

Bis[3-tert-butyl-5-(N-(Dxy - tert-butylam no)phenyl]Nitroxide in a Quartet

G oud States; A Prototype for Persistent H gh-Spin Poly][

(oxyi mno)-1, 3-phenylenes] , T. Ishida, H Iwanura (J. Am Chem Soc. 113,

4238-4241 (1991)), U. S. Patents 5,780,257 and 5,811,305 that the stable

free radcal onpound can be neasured b% means of el ectron ﬁgin resonance.
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suf ficient” precrsion, chi eve e 1 nvention. isto say, a gist of

the inveRyign LscRMLOd 4 foL.grasuli g R, 5habl e,f1 68 régkggg Cgﬁrcpound by

el ectron spin resonance nethod’in a process of treating a iC
pol ymer L2ahbi 6QMPYHh 16Nt ai A ik iRy Shab! enfdeedadicabn €9 , and
anot her gist of the invention is the nmethod as described above, erein the

stabl e feeereadingl wiGUWOWRE | ofcdn2rtidnet banethy! piRasidi erde oxyl
radical compounds can be measured for a short period of
time so that the compounds can be added depending on
fluctuations in process conditions.

It has been disclosed in Bis[3-tert-butyl-5- (N-oxy-
tert-butylamino)phenyl]Nitroxide in a Quartet Groud
States; A Prototype for Persistent High-Spin
Poly[ (oxyimino) -1,3-phenylenes], T. Ishida, H. Iwamura (J.
Am. Chem. Soc. 113, 4238-4241 (1991)), U.S. Patents
5,780,257 and 5,811,305 that the stable free radical
compound c¢an be measured by means of electron spin
resonance.

SUMMARY OF THE INVENITON

An object of the invention is to provide a method
for measuring the concentration of a stable free radical
compound quickly and with high precision.

As a result of intensive studies of methods for
measuring the concentration of stable free radical
compounds, the present inventors have found that electron

spin resonance (hereinafter referred to as “ESR”) method



conmpound. BRI EF DESCRI PTION OF THE DRAWNG FIG 1 is a graph show ng the
rel ati onship between the concentration (ppm of

4- hydr oxy- 2, 2, 6, 6-tetranet hyl - pi peridi ne-1-oxyl and the absorption
intensity of ESR DETAI LED DESCRI PTI ON OF THE | NVENTI ON The stable free
radi cal conpounds are N-oxyl radical conpounds which can be stably treated
at ordinary tenperature in the presence of air, and al so include
2,2,6,6-tetranet hyl pi peridi ne -I-oxyl conpounds, 2,2, 5 5-

tet rangl hyd pyfolidigieal -oxyl goepannds and fuaiws gaupands, i, wh ch a

plurallty of "NFoxyl groups exist in one nolecl |nk|ng a ﬁ urality of

2,2, 6,546 d g di QXY , 0ind: 2R r ' yl ol ecul es by
di basi ¢ aci ds opﬁﬁielllke S%e0|?|tégggn%ﬁésgg?g?ﬁggé 2,6, 6-

tetramet hyl piRes i g nes | 5%yl S0gRQUNAs ivhd UdR nt2Snbis a method
t et ramet hyl pi peri di ne-1-oxyl, 4-hydroxy-2,2,6,6-tetra-

met hyl pbpenbdsieihgoay/| st4b0%0£2e2 6Bl BL1 a%ﬁanYnluncp'kpfr bdkledsoxyl ,
4- met hoxy- 2, 2, 6, 6-tetranet hyl pi peri- dine-I-oxy

4- Carm@@thasﬁnﬁnbetMﬁﬁH&W|php&“phd&éés 8XYltreating a radical

4- car boxam do- 2, 2, 6, 6-t et ranet hyl pi peri di ne-1-oxyl,

bi s- ( 221y 1 24l baethyppiuper ichmeainxy| rheccitmiles fRde radical
tris-(2,2,6,6-tetranet hyl pi peridine-I-oxyl) phosphites, and specific
exanpl esmpdundhe 2nd, Bpothetr ametthydPythel iinveéina-dn oky| thenpewhndsi | ncl ude
2,2,5, 5-tetramet hyl pyrroli- dine-I-oxyl and

3- hydraxy-@e2¢6iBedet rhaeehy| prergiiindi ridhe 1-ofagtble Théreadi caldigellyneri zabl e
conpounds for use in the invention are ethylene, propylene, styrene,
acry|0@@q9qwqﬂ is a 2,2,6,6- tetramethylplperldlne l-oxyl

compound.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a graph showing the relationship between
the concentration (ppm) of 4-hydroxy-2,2,6,6-tetramethyl-
piperidine-l-oxyl and the absorption intensity of ESR.

DETAILED DESCRIPTION OF THE INVENTION

The stable free radical compounds are N-oxyl radical
compounds which can be stably treated at ordinary
temperature in the presence of air, and also include
2,2,6,6-tetramethylpiperidine-1l-oxyl compounds, 2,2,5,5-
tetramethylpyrrolidine-1l-oxyl compounds and further
compounds in which a plurality of N-oxyl groups exist in
one molecule by linking a plurality of 2,2,6,6-piperidine-
l-oxyl or 2,2,5,5-pyrrolidine-N-oxyl molecules by dibasic
acids or the like. Specific examples of the 2,2,6,6-
tetramethylpiperidine-l-oxyl compounds include 2,2,6,6-
tetramethylpiperidine-1l-oxyl, 4-hydroxy-2,2,6,6~-tetra-

methylpiperidine-l-oxyl, 4-ox0-2,2,6,6-tetramethyl-



met hacrylonitrile, acrylic acid, acrylates, nethacrylates, acrylam de,
nmet hacryl am de, maleic acid and vinyl acetate, and further include diene
conpounds such as butadi ene and isoprene. The systens in which the radical
pol yneri zable  conpounds for use in the invention are treated are the
stages of producing, purifying, storing and transporting the radical
pol yneri zabl e conpounds, and specifically distilling colums, fractionating
colums and storage tanks. ESR is the phenonenon that an el ectron spin
placed in a static magnetic field resonates by application of a m crowave,
and t heptpacedinatilonxgfl,t he séabebhbrpe?, Radi 6altetorpetird lodperal est i mat ed
by detecting an unpaired electron, that is to say, the radical conpound,
and uti@fizeny eKEL .t he absrPResY~£nehsptetrampéehyilpipwaieline 1-
proportional to the radical concentration. ESR can neasure only the stable
radi cal “¥8hpourfd CERVEAT VP V2 ahid® WP T hehF gResBRIPEPRIFEEL NGty e speci al
pretreatnment to a sanple to be neasured, w thout being substantially
af f ect 1By (Andt ReP ~E6&FPRE Y IEIRSTHE R erx YY) fidcpreEedl ar 3%i tati on
for. use |n the invention. For _ exanple,

on an EEB. measyrin _ap aratuy n the _ )
however; hﬁnzgpgrgtgs I fﬁ&&ﬁ%ﬁ%ﬁﬂﬁ?ﬁf%%Wﬁxﬁmﬂ¥%;)C|rcﬁhﬂ53§ﬁﬁ%§0mave
CLIOUT A0 SISHERD B e 8RO G caTRULCL SUateRiq cenIal O |
Fuch S0 FRPELELYS. {0, Do cacaEmcelal LundR g o ppper s
dine-l-oxyl and 3-hydroxy-2,2,5,5-tetramethylpyrrolidine-
l-oxyl.

The radical polymerizable compounds for use in the
invention are ethylene, propylene, styrene, acrylonitrile,
methacrylonitrile, acrylic acid, acrylates, methacrylates,
acrylamide, methacrylamide, maleic acid and vinyl acetate,
and further include diene compounds such as butadiene and
isoprene.

The systems in which the radical polymerizable
compounds for wuse in the invention are treated are the
stages of producing, purifying, storing and transporting
the radical polymerizable compounds, and specifically
distilling columns, fractionating columns and storage
tanks.

ESR is the phenomenon that an electron spin placed
in a static magnetic field resonates by application of a
microwave, and the concentration of the stable free

radical compound can be estimated by detecting an unpaired

electron, that 1is to say, the radical compound, and



apparatus manufactured by N kkiso Co., Ltd. The neasurenment of ESR is
usual ly made by collecting a snmall anpbunt of a sanple from a subject

process, and transferring this to a nmeasuring cell in the ESR nmeasuring
apparatus. It is also possible to nake the neasurenent by providing a
bypass |line in a process fluid of the distilling colum or the

fractionating colum, for exanple, arranging a three-way el ectromagnetic
valve in the mdst of the bypass line and setting a tinmer, continuously or
periodically collecting the process fluid, and transferring the fluid to

t he neadddiirgrgel thath the Esrormbsemi Agtepwdrtat usf Ithet hreicupyare system of
the invention, radicals derived fromthe stable free radi cal conpound and
radi cal'$ PgePP¥&dorpdmbtehdheadiackicydolsafste et el @®npounds are present. The
radi cal s derived fromthe stable free radical conpound_are stably present.
However, theESRadfRal SeftiiRd Flom the r adrbar pbrYiErlzaBPBPeBAPouUnds are
unst abl e _and extrenely short in life, sqg that they can not be substantially
det ect 8§16 L& SR RBastt Ehe i Et SR S tiveity on “ddtduBPedSBECdR i nar y
tenperature. Accqordingly, the _radicals detected by the ESR neasurenent of
t he in&?ﬁ?F&ﬁtﬁ§§8be£8o i §EFEdS oTBe BRI Y icﬁﬁghngri 84"From t he
stable free radical c oynd, .The cancentration of the stable free radical

S OMPOURAE R PAT 2 TBe RaRSLToH 1Y YR SHRTHeT BRMY SPUETTG o

chromat ography., Ln the mpgsurenent by, gas, ; rt%r@oqgragny Un | 1 gukd

chr omat ogr aphy, however, the ™ neasurenent of the process fluid in the
as'co”dgaé%}fﬂﬁﬂG%pparatus for use in the invention. For
example, however, an apparatus is used in which a magnetic

circuit, a microwave circuit, an electronic circuit and a

computer system for control of measurement and for signal

conditioning are placed in a small-sized box. As such an
apparatus, there can be used a commercially available
apparatus, for example, an “ES-10W” ESR measuring

apparatus manufactured by Nikkiso Co., Ltd.

The measurement of ESR is usually made by collecting
a small amount of a sample from a subject process, and
transferring this to a measuring cell in the ESR measuring
apparatus. It is also possible to make the measurement by
providing a bypass 1line in a process fluid of the
distilling column or the fractionating column, for
example, arranging a three-way electromagnetic wvalve in
the midst of the bypass line and setting a timer,
continuously or periodically collecting the process fluid,
and transferring the fluid to the measuring cell in the

ESR measuring apparatus.



is influenced by other organic conpounds existing in overwhel mng |arge
anmopunts. It is therefore substantially inpossible to use the stable free
radi cal conmpound contained in extrenely small anmounts for quantitative
determ nation. The water-sol uble stable free radical conpound such as

4- hydr oxy- 2, 2, 6, 6-tetranet hyl pi peridi ne-1-oxyl can be separated fromthe
ot her coexi sting organic conpounds by extraction with water, and then
condensed. However, such pretreatnent not only is operationally

troubl esone, but also brings about increased errors. As to the stable f ree
radi cal conpdindthhi chdpseadbt 3v$tame din Waeer invenitdonsubsadhchdbl y
inmpossible to separate it fromthe coexisting organic conmpounds and then
condensteniivedyframethquahtbi gt freedsrddmiadatdmpryingaznd hradhcagrsaphy or
liquid chromat ogr aphy is difficult. On the other hand, the ESR neasuring
appar atdRrivedn fEppar Bh8s FaAifedsuPClTEIE@IE spFrerPotndadi 88Ps, whi ch
can selectively neasure on]y the radicals independently of_  the conposition

of the RABIEE  to BéemedAtslaindenioredverrots Bxer efbyleensFePve, so
that it has the great dvant age t the fluid collected fromthe process
can be r%‘ﬁtﬁaélct e%”f‘%"?ﬂg médsur e %Fa{}és PESPE™WIt houﬁfcb‘?ee‘f‘?’é'at nﬁﬂ? of the
col | ectreaddisca s! edeTQ§ r%%i Si oa%eis gf ;eourse he;xgi_htaﬁ)q?d. cc-arheogxl"x gent

i nvent i W11~ be- Turther 111 ustTaf 8@ rh reater detall Win reférence to

H‘]g f?LalvzgemL{}gsn%@'Eﬁd WBLERRLC snIQWeVE 1Y, 19, b £ONShLYedags i m ting
not be substantially detected by the ESR measurement of
the invention conducted at ordinary temperature.
Accordingly, the radicals detected by the ESR measurement
of the invention may be considered to be only the radicals
derived from the stable free radical compound.

The concentration of the stable free radical
compound can also be measured by gas chromatography or
liquid chromatography. In the measurement by gas
chromatography or liquid chromatography, however, the
measurement of the process fluid in the as-collected state
is influenced by other organic compounds existing in
overwhelming large amounts. It is therefore substantially
impossible to use the stable free radical compound
contained in extremely small amounts for quantitative
determination.

The water-soluble stable free radical compound such
as 4-hydroxy-2,2,6,6-tetramethylpiperidine-l-oxyl can be
separated from the other coexisting organic compounds by

extraction with water, and then condensed. However, such

pretreatment not only is operationally troublesome, but



EXAMPLE | Specified anmounts of 4-hydroxy-2, 2,6, 6-tetranethyl -

pi peridi ne-1-oxyl were dissolved in xylene, and the ESR spin intensities
were nmeasured for respective concentrations with an ESR neasuring apparatus
("ES-1OW: manufactured by N kkiso Co., Ltd.). The concentrations of

4- hydr oxy- 2, 2, 6, 6-tetranet hyl - pi peridine-1-oxyl and results of

determ nation of the ESR absorption intensities are shown in Table 1 and
FIG 1. TABLE 1 Concentration of ESR Absorption Intensity Stable Free

Radi cal Compound (S/N) (ppnm) 00 2510.7 5023.1 10047.5 Utilizing these
result§}SPh r@@ﬁ@emﬁqﬂqcﬁpgﬁeqsed errors. As to the stable free

hydr oxy- 2, 2, 6, 6-t et ranet hyl pi peri di ne-1 - oxyl can be estimated fromthe ESR
absor pEReA Rt eRSFPYUNEXANPLE 2 1% PRty fglePhes, 17| W tenl é§ wéfe
collected from a_ _dipropanizer bottomstreamin an ethylene distillation

pr ocesSURSITAG T4 dr oxyTPOS S6P8: et et RFPRFAER di A&-1-TBRYI akPg stabl e
free radical tﬁggﬁound, and the quantitat inve det er m nat.ion of tge i nvention

by ESRCESRS SHIAHS (HERVABAt PBHar GRafCPERISTe et M nGBFon by

quantitative determination by gas chromatography or liquid
chromatography is difficult.

On the other hand, the ESR measuring apparatus is an
apparatus for measuring electron spins of radicals, which
can selectively measure only the radicals independently of
the composition of the subject to be measured, and
moreover, 1s extremely sensitive, so that it has the great
advantage that the fluid collected from the process can be
subjected to the measurement as it is without pretreatment
of the collected sample. The precision is of course
heightened.

The present invention will be further illustrated in
greater detail with reference to the following examples,
which are, however, not to be construed as limiting the
invention.

EXAMPLE 1

Specified amounts of 4-hydroxy-2,2,6,6-tetramethyl-
piperidine-l-oxyl were dissolved in xylene, and the ESR
spin intensities were measured for respective
concentrations with an ESR measuring apparatus (“ES-10W’":

manufactured by Nikkiso Co., Ltd.).



gas chromat ography (gas chromatography nethod) were conducted. Qutlines of

procedures for neasuring the

concentration of the free radical conpound by

the ESR nethod and the gas chronat ography nethod are shown in Table 2.

TABLE 2 Gas Chromat ogr aphy ESR Met hod Met hod The sanple was col- |ected from

the proc- ess, and the weight thereof was neasured, Collected weight = A

Sanpl i ngfol | owed by exposure (g) to atnospheric pres- sure. Collected weight

= A (g) The coll ected sanpl e Concen-was condensed with an tration

ofUnnecessaréﬁvaporator. Sanpl eWei ght after conden- sation = B (g) C (g) of
yI-

t he condense

SaiffesiT takars ahd dphaceexvn2 2,6, 6-tetrameth

piperidine-1-oxyl and results of determination of the ESR

absorption intensities are shown in Table 1 and FIG. 1.

TABLE 1
Concentra?ion of ESR Absorption Intensity
Stable Free Radical Compound (S/N)
(ppm)
0 0
25 10.7
50 23.1
100 47.5
Utilizing these results, concentration of 4-
hydroxy-2,2,6,6-tetramethylpiperidine-l-oxyl can be

estimated from the ESR absorption intensity.

At varying times,

dipropanizer bottom stream

EXAMPLE 2

five samples were collected from a

in an ethylene distillation

process using 4-hydroxy-2,2,6,6-tetramethylpiperidine-1-

oxyl as a stable

radical

compound, and the

quantitative determination of the invention by ESR (ESR

method) and the conventional quantitative determination by

gas chromatography
conducted.

Outlines of

concentration of the free

procedures

chromatography method) were

measuring the

radical compound by the ESR

method and the gas chromatography method are shown in

Table 2.



a separatory funnel. ExtractionUnnecessary Then, 25 m of ion- exchanged
wat er was added to conduct extraction. An aqueous |ayer after extraction was
pl aced in another reparatory funnel, WAshi ngUnnecessary and oil conponents
were extracted with 10 m of n-hexane and washed. The col |l ected sanpl eThe
resul ting aqueous was placed in alayer was placed in a volunetric flask,
andvol unetric flask and Dilution, xylene was added toi on-exchanged water
bring the weight towas added to bring 100 g.the volunme to 50 m. TABLE 2
(cont'd) Gas Chronmatography ESR Met hod Method D (g) of the xylene The
quantitative de- TABLE 2

Gas Chromatography
Method
The sample was col-

ESR Method

lected from the proc-
ess, and the weight

thereof m d
Collected weight = A e was measured,

Sampling followed by exposure
(9) to atmospheric pres-
sure.
Collected weight = A
(9)
The collected sample
Concen-— was condensed with an
tration of Unnecessary evaporator.
Sample Weight after conden-

sation = B (g)
c (g) of the
condensed sample was

taken, and placed in
a separatory funnel.

Extraction Unnecessary Then, 25 ml of ion-
exchanged water was
added to conduct
extraction.

An aqueous layer

after extraction was

placed in another

. separatory funnel,
Washing Unnecessary » .

and oil components

were extracted with
10 ml of n-hexane and
washed.

The collected sample|The resulting aqueous
was placed in a|layer was placed in a
. . volumetric flask, and|volumetric flask, and
Dilution .
xylene was added to|ion-exchanged water
bring the weight +tolwas added to bring

100 g. the volume to 50 ml.




di luted solution was term nati on was con- taken, the absorption ducted using
an intensity was adjusted colum and a neasured, and the calibration curve
Measurenentquantitative separately prepared determ nati on was con- from
measur enent ducted using a cali- peaks. oration curve. Measured value = E
Measured value = F (ng/kg) (mg/kg) Cal cul ati onFxl OO ( AxD) Ex(50xB)/ ( AxC)
About 20 m nutesAbout 90 m nutes u Tinme Adjustnent of apparat- ustnent of
appa- Adj Required us: about 15 m nutesratus: about 2 hours Results of

neasurenent are shown in Table 3. TABLE 3
TABLE 2 (cont’d)

ESR Method Gas Chromatography
Method
D (g) of the xylene- Th fitati d
diluted solution was € _quag thative ©
. termination was con-
taken, the absorption )
. . ducted using an
intensity was ]
adjusted column and a
measured, and the . .
. . calibration curve
Measurement |quantitative
) ) separately prepared
determination was con-—
. . from measurement
ducted wusing a cali-
. peaks.
bration curve.
Measured value = E
Measured value = F (g /kq)
m
(mg/kg) 9r%s
Calculation Fx100/ (AxD) Ex (50xB) / (AxC)
.y About 20 minutes About 90 minutes
ime
) Adjustment of apparat- | Adjustment of appa-
Required .
us: about 15 minutes ratus: about 2 hours
Results of measurement are shown in Table 3.
TABLE 3
Measured Value by | Measured Value by Gas
Sampling No. ESR Method Chromatography Method
(ppm) (ppm)
1 10.4 14.0
2 13.6 12.2
3 19.2 16.3
4 14.1 16.1
5 14.6 12.7
A slight difference is observed in the measured

value between the quantitative determination by ESR and

the

However,

quantitative

determination

by gas

chromatography.

considering that it is important to confirm that




Measured Val ue by Measured Val ue by Gas Sanpling No. ESR Met hod

Chr omat ogr aphy Met hod (ppm (ppm 110.414.0 213.612.2 319.216.3 414.116.1
514.612.7 A slight difference is observed in the neasured value between the
guantitative determ nation by ESR and the quantitative determ nation by gas
chr omat ogr aphy. However, considering that it is inportant to confirmthat
the stable free radical conpound renains to sone extent or nore, both

nmet hods are sufficiently satisfactory in terns of process control. However,
considering the time and |abor required for neasurenent, it is known that
the méhieod teplESRber madichly exepbiindt repemnishdovispoiantefit avasur enent
operation. EXAMPLE 3 At varying tines, five sanples were collected froma

di pr opBRiTeer H5dth oreEeedanprr aifdfindenel i setkFARCHRTYpridte88rBANt ai ni ng
4- hydr oxy- 2, 2, 6, 6-tetranmet hyl - pi peridine-1-oxyl as a _stable free radical
conpouRd, PFOceRd SAREETRthner HRYSVeh BCaEoringd e §&a6ti 29%of the
free radical conpound s determ ned by the ESR nmef hod and the gas

chrona? P&phﬁegEFHSH;w%@§ulF?aFH§?§8Ptarel§hoﬁﬁ i AnPYBI ethat the

method by ESR is markedly excellent from the viewpoint of
measurement operation.
EXAMPLE 3

At varying times, five samples were collected from a
dipropanizer bottom stream in an ethylene distillation
process containing 4-hydroxy-2,2,6,6-tetramethyl-
piperidine-l-oxyl as a stable free radical compound, in
the same manner as with Example 2, and the quantity of the
free radical compound was determined by the ESR method and
the gas chromatography method.

Results thereof are shown in Table 4.

TABLE 4
Measured Value by | Measured Value by Gas
Sampling No. ESR Method Chromatography Method
(ppm) (ppm)
1 20.9 18.9
2 23.7 22.6
3 21.5 16.7
4 25.3 22.1
5 19.6 18.4
According to the invention, in the process of

treating the radical polymerizable compound containing the

stable free radical compound, the concentration of the

- 12 -



TABLE 4 Measured Val ue by Measured Val ue by Gas Sanpling No. ESR Met hod

Chr omat ogr aphy Met hod (ppm (ppnm) 120.918.9 223.722.6 321.516.7 425.322.1
519.618.4 According to the invention, in the process of treating the

radi cal pol ynerizable conmpound containing the stable free radical conpound,
the concentration of the stable free radical conpound can be neasured sinply
and with high precision, and excess addition is avoided. Further, it
becomes possible to ensure the inhibition of polynerization, and a big
contribution is nade to stable operation of relating equipnent. Wile the

i nvent S&APHES fb‘é%‘?\ Hé‘géﬁal}eac?rFP‘al\é‘B‘él I3 dPS WM STt eﬁ&&‘Ptlg sﬁfé%l fic

enmbodi nents t hereo it owill apparent to o e skllled int rt that
vari ou§™ (FﬁanéégL aﬁaeﬁﬁﬁﬁFPCatF p%ﬁﬁeﬁ i i-Si tHhoUt ‘gﬂgparting

fron1tge glrlt q@ sco g thereof mHgT gﬁsggglﬁﬁél§nh%bf%ﬂg§hqp for
neasurlng R& 'concentratt on For ahﬁ

te”a”g%%mf@ galrdine- 'adéylac%rip(ﬂoué‘gnwlg{l bhon ¢ Sp' Dag sch”asf‘xg%l thod in a

proces reatlng d radical yneriza conpou

tetramgpyLpiBEr L3 081 h1ny e%%%%‘é’?& the

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that wvarious changes
and modifications can be made therein without departing

from the spirit and scope thereof.
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met hod conprising: (a) collecting, continuously or periodically, sanple from
said process; (b) transferring the sanple to a neasuring cell in an

el ectron spin resonance neasuring apparatus. 2. The nethod according to
claim1l1, wherein said radical polynerizable conpound is selected fromthe
group consisting of ethylene, propylene, styrene, acrylonitrile,

nmet hacrylonitrile, acrylic acid, acrylates, nethacrylates, acrylam de,

met hacryl axni de, maleic acid and vinyl acetate. 3. The nethod according to
claiml, wherein said 2,2,6,6-tetranethyl piperidine-1-oxyl conmpound is

sel ect edHAT a8 thiea OIpI8onsi sting of 4-hydroxy-2,2,6,6-tetra- .

nmet hyl pi peri di ne-1-oxyl, 4-oxo-2,2,6,6-tetranmethyl - piperidine-I|-oxyl,

4- met hoxy- 2, 2, 6 6-tetraneth§$giperi- di ne- | - oxyl

4- car boxy- 2, 2. 616- tefCARBENEP hitFasiiditRe the cergpntration of a 2,2,6,6-

4fCarboxaniggkéﬁé%ﬁ§dﬁiF@E[&¥E§4T¢bﬁkpg6ﬁ§gdwﬁ'byoélectron spin resonance
bis(2, 2,6, 6-tetranet hyl pi peridi ne-[-oxyl)succinates and
tris(2, 2, 67803t ranst RyPpeperdiditiearinkyd raphespalederazagip GasPRYAC

according §pcicl al m4, 2 vherei Rethgne 8l,abligef1E@adbed] CcomIRd, i Sthe
2,2,5 5-tetranmet hyl - pyrrolidine-I-oxyl,
3-hydroxy-@?§§QE!§pﬁﬁfﬂéh%$hylpyrroli- di ne-l1-oxyl or a mxture thereof.

(a) collecting, continuously or periodically, sample from
sald process;
(b) transferring the sample to a measuring cell in an

electron spin resonance measuring apparatus.

2. The method according to claim 1, wherein said
radical polymerizable compound is selected from the group
consisting of ethylene, propylene, styrene, acrylonitrile,
methacrylonitrile, acrylic acid, acrylates, methacrylates,
acrylamide, methacrylamide, maleic acid and vinyl acetate.

3. The method according to claim 1, wherein said
2,2,6,6-tetramethylpiperidine-l-oxyl compound is selected
from the group «consisting of 4-hydroxy-2,2,6,6-tetra-
methylpiperidine-l-oxyl, 4-ox0-2,2,6,6-tetramethyl-
piperidine-l-oxyl, 4-methoxy-2,2,6,6~tetramethylpiperi-
dine-l-oxyl, 4-carboxy-2,2,6,6-tetramethylpiperidine-1-
oxvl, 4—carboxamido—2,2,6,6—tetramethylpiperidine—l—oxyl,
bis(2,2,6,6—tetramethylpiperidine—l—oxyl)succinates and
tris(2,2,6,6—tetramethylpiperidine—l—oxyl) phosphates.

4. The method according to claim 1, wherein the
stable free radical compound is 2,2,5,5-tetramethyl-~
pyrrolidine-l-oxyl, 3-hydroxy-2,2,5,5-tetramethylpyrroli-

dine-l-oxyl or a mixture thereof.



