| DESCRI PTI ON METHOD OF ANALYZI NG | NORGANI C PHOSPHORUS | N ORGANI C
MATERI AL AND APPARATUS THEREFOR Technical Field [0001] The
present invention relates to a nethod of analyzing for inorganic
phosphorus contained in an organic material using pyrolysis gas
chromat ography, and in particular, to a method for anal yzi ng

i norgani c phosphorus, such as red pE3eRiFIGS, contained in a
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phosphorus in an organi c mat eri &PPARATUSHIEREFPRe net hod of anal yzi ng
for inorgapiiG phesphorus in an organic material can be carried out.
Background Art [0002] For covering materials of insulated wres
used in BP¥dtric equi pnent and resin materials such as interior

fini shing mat efeipadssit hhamti@iitiasDb b hesod dflagiRing &ﬁ insiganiCghospBorh&@hitath@dn an
fC:)(r:]);neE]ll]:n z%n?‘c gﬁﬁt%taﬁusm% Byraa et VI ra]‘)r}]l%to%ﬁ{ﬂgg a%g l1‘1'1(:";} af{}g W%}%@ECF f:éarts %glyzing inorganic
flame-r ep@ﬁnile@ls sech pyyed phasphpyas nonddined in afbmeretarishesyians 2 IYE rgediat atlestha

| arge anmpudahe lmemh,aze@sﬁéé% af ks iF BnllBBig e [nblRBhi CABHRMS hd 105 orBAR nfalHSt with

non- hal ogen flane ardan} I esi onposi ti ons have been used in
recent vy QF% e ][n@tb‘ﬁi analyzing oggawl%él orF%%awnﬁ g]aga@ (§an be carried out.

f | ame- r eBakghanid Artesi n conposi tion i nclude conpositions in which a
flame refggHant is mxed with a non-hal ogen resin such as an olefin
resin. re, phosphorus flame retardants are used as the flane
retardant. Al ¥eeevatijeyediepials piingylated yirpsoneddedecyisehuipmenping pisinurricHglelrexisde

and nmag nﬁ!@hb&mnnmdg bk AT 8t0RbSRs, ﬂ&e&lreﬁﬁanmere diRiBoh %%ﬂ@&& of safety and a

However, .in order to | eas e ef {
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in combi Qﬂtti'mg Qon—l[a%@e%ﬁlt‘]ame-retardangémlrrﬁ&lt%tls ﬁab@be%§@in?gc&§ Jaisan’e
retardants i nclude organi c phosphorus flanme retardants §Uch as
phosphat@o%gters and hal ogen-cont ai ni ng phosphate esters; and

i nor gani ¢ phosfhprust tie nafBal ek ﬂzﬁﬂa&ﬁlﬁxﬂarﬁ &ﬁpe@gﬂmﬁﬁn ihdl@E g@ﬁioﬁtions in which a
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flame re ave ur es &% OF hor us
el ement s uémi githeaftndhe rdteadant. IAétnrsatrveImmaéiw@mmums alnApaumeﬂir@gdeanCS mal |

anmount Ofna@gﬁln’; h)QFbmd@E}g afgmgﬁ a%%hlahgfé{agﬁﬁl' ﬁo@&&sﬂm{e% n'fc}egsg%e flame retardant
retardants are pre erab arre retardants for sone types of resins.

For ex anffﬁf‘é?mp%&déwre‘we&ﬁﬁ%e ip merhapierd rgpegtics fugfpa degiease Hafispmpuakqt petal
conposi t h)ﬂﬂ)xﬁuﬁhedaﬂao@ﬁormmfné Rtafd@sd dfe BNt @mbihdlign.r ed phosphorus fl ane
ret ardan 0005] Under these circunmstances, in producing and
shi ppi ng a %roduct i ncl udi ng such a fl ane- retardant resin conposition
cont ai ni ng anBieRsleyanicehpsRknssHeme etapdantprinclpderorgapie plrospharug flame refardanissadh as
vvnhr es | nﬁﬂob{ﬂlbtfe gstetrsh@d hﬂ@gemc&l&mcg%wpm e@tSrs afd m&gma@ﬂlb@gorml e kddgdants OF

t he purpose o contr of of anal yzin

wht ch 1 norgat el BeelsiaORHa i =hEt FRteRt G fecanERE AR e has
been desieraa@dnt ave fratmgs hotthergeof cmzent of phosphorus element is high and that flame resistance can

be imparted by a small amount of addition, and thus such inorganic phosphorus flame retardants are

preferable flame retardants for some types of resins. For example, Patent Document 1 proposes a flame-
retardant resin composition such as an olefin resin containing red phosphorus flame retardant.
[0005]

Under these circumstances, in producing and shipping a product including such a flame-retardant
resin composition containing an inorganic phosphorus flame retardant, e.g., insulated wires including the
resin composition as an insulating covering, for the purpose of quality control thereof, an method of analyzing

with which inorganic phosphorus such as red phosphorus can be analyzed has been desired for manufactures,



and the nethod of anal yzing has been desired also for purchasers of
this product as an acceptance inspection. [0006] Meanwhi |l e, as
for inorgani c phosphorus such as red phosphorus, problens that

hazar dous phosphine is generated during conbustion and that el usion
of phosphorus fromwaste to a water system causes eutrophication of

| akes, and ot her probl ens have been pointed out, and therefore, the
use of i nenglninetipldedphdyzisg hes heen debérsd rled ferpushamrcelybis product as an
Furt her nor ticular, regulation of the content of red
phosphorus&thﬁﬁﬂgﬁmCh%ﬁter|als has tended to be strict in recent
years. Cop®qpently, also fromthese standpoints, a nethod of
analyzing with |ch |no ani ¢ ph rus such as red phosphorus
contai ned in aNearys &S T inageic lﬁﬂaﬁpqﬁe*satﬁ%ﬂ g7ed Pheseheyue preflems Bat as
an accept ﬁaﬁedduaﬁmgﬁm@m elaftd dtlhhgcorﬁﬁusaat af 0GB R onlof BFu%?rom
Unexam ned Patent Application Publication . 2004- 161924 Disclosure
of | nvent igste @wa@wste@l pratssoauirephigagion (oé 1a|knsv end piber l{l‘gbi@?l]s have been
However, r i.S oIved
. . EQ@feg%m %nd e%l% #2 u?e Eﬁhg(ﬁganrl@ﬁnoggl? %ﬁ){]? ngtscliets% L sox%e RS

in variou es6f vents icu separa

and col | e@tzrtlsanmbrel, mqragtamular qagtdsqnhmfmbe cdntenadﬁlneﬂ phesphoia® irg@Qardc materials
phosphorug |t§% Pas .no. infrared gﬁf n in_.an hnfrarggy

spect r ome P& ENGRALQ PRSHIE, B reenkYFar- PR ﬁ‘H paR? EOBHBSE REPERO IS Retof
an organi ef fily2ingalittSwhith dforgani@SHopHotusiieh t@ed pH@pﬂgruacBﬁaméu in an
spectronmeter, information about the organic material is main

obt ai ned ArEENic A IRAEIORE aBlEed hasdephdnsiahpcanyreayHice wp%céwﬂ@f thsdike.
di sti ngui

or gani o mat o B REERE ko ARRQUANAR PR AR ANARPEAIIING DOBE o
met hods. Aﬁﬂ@ﬂnatively, by an el enental analysis, for exanple,
energy-diip sive f el emental anal ysis (EDX el enmental anal ysis)
usi ng an ﬁ%(ﬁvﬁég % }be X-ray fluorescence anal yzer, phosphorus as
an el emenprabiyindie bedSbRet @d thdldentidgnt i fi cati on between inorganic
phosphoru? and organi ¢ phosphorus in an organic material can not be
per f ormed! ﬂ&bordlngly in the case where organi c phosphorus such as
a phosphate esH@ﬁze@,YmQ%aﬁ:iQ héasphéids sich o at.;%ed HRGSHHR @nttqnlee%ﬂ@var,ous
i norgani ¢ phosphor us g present invention has been
made i n ofypeso soh@otsw@dtthv&slt prdafbicelid wp@m@ anélcalﬂ@dwhtmorgam@ ghagsphorus.
obj ect of | té‘ogs]ltt’o e?n%td‘g nic'}a‘ﬁ%g%hot’d! &sglfﬁltsoﬁ’d iflfadq B0 %’aﬁ %%ta¥ezd ng for
sinply, rapi rel anal'yzing |norgan|cp osp orus such as
red phos pb]mctISmélEr yﬂeltdmmtvphp&&hwheﬁ ioginid pledpliotusanixed gean agart siatesibl,

in particul ar, inor ani c sphorus contai ned | resin as a flanme

r et ar dant S@ﬁa atreﬂb léféé)‘gﬁ r&@%@%&@e?tmm%ﬁam%mﬁw thﬂ%itﬁoysaﬁ@ out

this net hagofh @nakng beﬁmet{%ﬁ@ﬁlftﬂan&hydt@gletlﬂ&%t?m@pt&gﬁow%%t be

As a result of intensive studies to solve ove prob

i nvent or @fstingvéshpd dwegfron.ndeqordioglyfioergenie thSqu)ftlﬁmﬁgltpl‘g%ﬁP !pihteyplmﬁlu@s

and yello &ﬂqoéaﬂ &rhlésangi An of?i?ersgﬁtﬁth%déugﬁ‘%{ﬂﬁ%gr b$ Eﬁ?é’lex%?ﬁ‘tapa%agsw,
g phy, Which'I's e€xc se

detected pyrolysis togra usrvely u

to anal yzéor@kgapie,oenmyedwﬁt“svesﬁcmy dmmhwmtysmeﬂexi eddrsentdl anal gl s)tusing,
it was found tha according to an ratug gr an%H%% usiﬁg
pyrol ysi s S%Bf%‘fh %@%afﬁﬁgluoteﬁ“cﬁ“@% 35 B B3 PROTUS A BT AP E G2 RC an
or gani ¢ matistbdlbuCidbntiRaflfRbaté8sh BbiRhi¥ ﬁhéﬁ)ﬂbﬁ‘xk ¥nd &R8hit ?hbs%ﬁbﬂﬁs BYan
gasifying a sanple and then nmeasurin e gasjfied sanple by gas

chr omat ogeegahie matseigbcdn o gerieresdl @Pfdlﬁgk’folﬁﬁhfetﬁs@)ﬁ’h@ﬁ argasir esent
i nvention r ~ound
that, by Bg§ﬁ5&§$%§§§§§5% %%%%é?@?ﬂﬁ %%%ﬁ%n ﬁﬁ@ﬂ%xm ¥§36 raé{lons
of the gasumgmmnﬂmqgmaphy, i norgani ¢ phosphorus contained in an
organic nﬁ&ﬁ% can be nore reliably anal yzed, and good

quantitati L is obtained. [0010] Specifically, as a first



pyrol yzing a sanpl e conposed of an organic material by heating the
sanple to a tenperature equal to or higher than the sublimtion

t enperature of inorganic phosphorus to gasify the sanple; separating
the pyrolyzed sanple to fractions by gas chronmat ography; and
detecting a fraction of a retention tinme corresponding to the

i norgani ¢ phosphorus. [0011] 4 analyzing the present invention is
applied are ré@WnsmﬁmhhymﬂpshasWmnmhdehnméawoH@vaﬂﬁhmﬂbbﬁﬁamhhym&ﬂgn.

of the pres on ¢ e _applied.,t ti.on

Cesin i & SieObpRS® isREmERn e RepePRe = Sisned of Rualbei ool vl
mat er i al sanderetjably amﬁ@merg%ﬁic%&phai@@mlﬁﬁlaf HolghdridddrGallbe phosphorus
phosphor us |ncuﬂwe red phosp horus and. yel | ow, phosphor us. [oof

The step BMEH§ ﬁl@mjnac @%Pﬁ‘iﬁ emwrtwg&m%g%w@awr@ qagtained it b resin s
tenper at up @288 Yahrdhi}, 8d 1B 'pEVEde dnBParhfls f LIV ARE FR L SRR OLAGLIY

i norgani c pﬁosp orr us to ggm ye t @B%arrp le i slypeéror ﬁegﬁg% ﬁ{hgt]ﬁeﬁggﬁﬁe
sanpl e he@ﬁhﬁmghe sanmple to a tenperature equal to or hlgher t han

t he subli e r f inorgani c phosphorus to a tenperature
at which gﬁr ﬁgﬂﬁgﬁégéﬁegéd or higher. Anong various types of
inorganic(mmepphorus red phosphorus has a hi gh sublimation

tenperature; 416C or her, Therefor n order | jably su lime
red phosphor us aﬁaeSP%OB Fois &F%?‘ﬁ %éi?ﬁb%(em e%ﬁ%w&w?ﬁ

heat i ng t EB&k Aivdhifor Puit AheAABlYh RAQCoPholts GREFelloWpHIBHHdr G Hrdbolid N

t he case where inorganic hosghorus contained in a resin is a target
of the anBlioygsnis supstaricss, feeyess eQetﬁ@efi}@aﬁyrp}wsgamlmatpg@phm@mhasure

equal to %cil&'i\%g%s]pera%laylﬁ %%ﬁ&rﬁ?é%éﬁatléﬁﬁ g&?ﬁqé\fﬁ{ﬁtgn% imﬁdlﬁgé'lﬂuas

Accordi ng I ng tenpera n such a case iI's
t he rangefohd dagurc@fidgte an §Patus]OOB]yzing usmglplyrcdlyklh gas&hronidtr%raphy,

heating tine is tine re d for co et.e asi e sanpl e
or I onger m%gﬁawiamhﬁaﬁrcp gir S i kbR Rarehg! on 5 Ao g SA: o
t enper at Ufefiab a Simpie AR @en AREutiAL tHel diSifie@Bnp1S b Qhs
particularly |n1te Heating neans i s not partlcularl Imted, and

any heat i fiyORERERPHY eHﬁeﬁ%ﬁn@ﬁg%ﬁeaﬁWérwcwm egpsafshegprgseshinypitiongr aph
can be us?lgrthe[rrggl:ch' he 1nventor }Pﬁm%%t%%ﬂ% Yo%ﬁ@hlﬁﬂ%gnp f alfedds | 'sﬁectr%ne'neter

introduced into a co as chr omat ogr ap ents In

sanpl e aras lseapmf@twctmg fregond afithe gas ¢tHomatdgfpley, execgniopholghorus

distribution.e riumc nstant fromt tatlon

and el ar et lgingy ab SrasH BTG of AR Blafeed BlreBR RSy i

conponent shtafgedidi ti ons for this gas chromat ography are the sane as

condltlonf for ordinary pyrolysis gas chromatography used in analysis
resi nslt 15]

Specifically, as a first aspect of invention of the present application, the present
invention provides a method of analyzing for inorganic phosphorus contained in an organic
material, the method including the steps of: |

pyrolyzing a sample composed of an organic material by heating the sample to a
temperature equal to or higher than the sublimation temperature of inorganic
phosphorus to gasify the sample;

separating the pyrolyzed sample to fractions by gas chromatography; and

detecting a fraction of a retention time corresponding to the inorganic phosphorus.
[0011]

Examples of the organic material used as a sample to which the method of



Ei t her a packed colum or a capillary colum can be used as the
colum, but a capillary colum is preferably used in qualitative

anal ysis. [0016] The sanple eluted fromthe colum of the gas
chromat ograph is introduced into a detector to detect the presence or
absence of elusion (fraction) in accordance with the retention tine.
The anal ysis of inorganic phosphorus is perfornmed by detecting a
fracti on atalgzingtheptdsan itvendor Brappliqlandiesigs (polfnhes). Makfericte, the method
phosphorus,. For .ex le, if.a detection peak (fraction) is present at
et ent | Bt MG bioa g 1 CEhEST RET 1S Siksionh A bich h s
confi r med disbsived, BRnbmers dad tife 1RO SrdaBicRiRSRIN, elg phBHhaRRRES.

Furt hernore, organi c. phosphorus has a detection peak Ffraction) at a

di f f er ent Exeinalgt plidhe nopganicphospherusgnsiudeipd phrsphoris apshillow rhesnharused
in the org@n'%g material of the sanple is inorganic phosphorus (such
as red phosphorus or yell ow phosphorus) or not can be distinguished
by this anal ysilse stfip0fpgirolyzing a sdinple bgtheatinpihetsanmpleor s espendungedual to

i i h i d di t. diti f th
oS BRI 53 ISP ET 1. O ARELBLLT, SRR g L e

Ther ef or e sarfifle & petformhdichbypasis eRBaipeheati SRR @mplde S MpnRky &l &5
t hat descri bed above is perforned using a standard sanpl e of

i nor gani ¢ *phEphidradhe gulyimatigytegmesaine ddneganp shospherysdodigmesattiene
correspongi t ' ' , baSi ] j

Fo0L] I o e el o P IRl AR
fl ame photasicsphorugdiaee high sgbimytjondemperatie; 4 b durdigher.t Thededorecinarder to

(TCD), a nit en. phospharys det ect or . (NPD).. .and,the like, all of.
Wi oh ar o SPEFATRRORSBRE AR 8% Rieimaraiyy SHinceien it Fiosh e eyne,
case wher engryatat id frefeeablies ®CCai highsr. Us paticolugin thathseeviapaingSegiccan
be performed on the hasjs of the presence or absence of a peak of a
r et ent i onPRISRROTUHFIERR Biaﬁﬁs“flbgﬁt?r@e rihea é‘sgpﬁbsr%?ssf‘@digfa“ grple
t he above,Oelgpb@iurd &P hidRPRGh tRfdebdhy, It!oﬁ@er%ﬁer&tbf‘e JHRS@Hh.
application). Specifically, ih such an FID, an FPD, a TCD, or and
NPD, i dentickqréiaglyompisferabip hepiini sepprsaipide sushiasagseis fothasengsiof abrut BAASICs
of only t&}esdoe&enti on tinme. Therefore, when a conponent having the
sane retention tinme as that of inorganic phosphorus is contained in a
5sanpl e, [@aAfification of the inorganic phosphorus may be difficult
in sone cases., On the other.hand,. accordi ng to mass spect.ronmetry,

i nor gani c phothacﬁirdﬂéonhglg h&ﬂglrggg?ee’lsia Wege%‘%}%ggora@rqﬁﬁ?e@ gﬁii,fy“@%heé"gflple
and 124. AeraEsH mat Meating eidd JariealidRAdia oh HR HeAR{teMbErafing) SR HMdHHt 6N
be reliably perfornmed on the basis of the presence or absence of

t hese peaRanplg.god@je like, and is not particularly limited. Heating means is not particularly

limited, and any heating means used for an ordinary pyrolysis gas chromatograph can be
used.
[0014]

The sample pyrolyzed and gasified is introduced into a column of a gas
chromatograph. Components in the sample are separated in accordance with a difference in

the distribution equilibrium constant from that of a stationary phase, and eluted at times



10Furthernore, quantitative analysis can al so be perforned using the
FID, the FPD, the TCD, the NPD, and the mass spectroneter nentioned
above. For exanple, a resin conposition whose content of inorganic
phosphorus is known is prepared, the resin conposition is neasured by
t he above-descri bed nethod, a calibration curve is prepared on the
basis of the area of a peak obtained, the height of the peak, or the
| i ke. Subsetgutat fiyies) it diffee dauegegtivie cofmpanshTtandit®np &rftis gid, and
guantitative analysis can be perfornmed on the basjis of the

Cal i brat | GHORRIBEPEK A thigsahe P&amﬁefakoréfnaph@'rﬂ@?@ RS grompiaerpainiused
obt ai ned RQyadaR@isEasuisenent of the sanple. [0021] According to the
present invention, inorganic phosphorus such as red phosphorus or 20
yel | ow ph&¥4hAbrus contained in an organic material can be anal yzed,
and it can be (N f ' j ni c
material is i n%?gégtr?ip%bp cf\gt[ﬁ)ﬁr](glrsa (%p Hﬁg{]&lﬁn g%r aladégfgaisr%hgtc %lgﬁlﬁg%'%%d of
anal yzi ngcafillarheolpmase ptefdrable nsddom quanatbe asalysiabl y applied to

anal ysi s ﬁ%ﬂhgorganic phosphorus contained in a resin and anal ysis of
i norganic phorus contained in a solution in which aresinis

di ssol ved, a nphOsEple slufd TRk @oRRRSI Bie g8 thioiRtdgrdpd is Bltdod@dedWitb gh
have been difficult to sinply and reliably performto date (a third

aspect of d¢taciRrfeidgiscione prescnse 65 absenegnbelusioni(Brotion] ingregqrdance with the
Exanpl es he . resi L ch . i Ay ; .
Exanpl e pggteyr{gpg e rglg}ag%xgég%gﬁggggme bESHRbrub IVRROHAR HAR RSB RRkLES
pol ycar bont wsfeatieytionicorredpendiog tedthe mergnicrgsphpABSKor SGunpdd, yandeadetion
and pol yest ic nmateria o .wh

reresins.  However . orqgani rial ich the present
venti onPeitBaRn i mERAEE s e b Baliae R DGR HRS RS T
Fur t her moisssonfiigedpth&tsBd notgavRphosphofRis freseapl the shngll& OF drthesibrd] droftic
in which a resin s d'ssqlvedkégnno rs,,%pd 7 ot.her. or anig
material s ph%spéqr,us PHdiRtien 88 ré?ﬂ({r%etz%@}l erent retepitien HEF nHFerdinglya
fourth aspeeheqfhobpheeid doRmiRl ih IR RERRERkeAARIIIRARINPR is tdfedRlesent
i nvention provides an apparatus for anal yzing i norgani c phosphorus
cont ai nedphesphorgafaytleas red phosphorus or yellow phosphorus) or not can be distinguished by
this analysis.
[0017]
The retention time corresponding to inorganic phosphorus varies depending on
operating conditions for the pyrolysis gas chromatograph, the type of column, and the like.
Therefore, prior to the measurement of a sample, the same analysis as that described above
is performed using a standard sample of inorganic phosphorus, e.g., red phosphorus so that
the retention time corresponding to the inorganic phosphorus is determined in advance.
[0018]
As the detector, a flame ionization detector (FID), a flame photometric detector
(FPD), a thermal conductivity detector (TCD), a nitrogen phosphorus detector (NPD), and
the like, all of which are ordinarily used in a gas chromatograph can be used. In the case
where any of these detectors is used, qualitative analysis can be performed on the basis of
the presence or absence of a peak of a retention rime corresponding to inorganic
phosphorus.
[0019]

More preferably, the detection is performed using a mass spectrometer (MS) instead



5conposed of an organic material, the apparatus for anal yzing

i ncluding gasification neans for pyrolyzing a sanple; and a gas
chromat ograph including a colum for separating the pyrolyzed sanple
to fractions and a detector of a gas ebuted fromthe colum. By
carrying out the above-described nethod of analyzing for inorganic
phosphorus contained in an organic material of the present invention

using this 7 I i . f ysyin a
R Lo et St A SR R

Thi s appar Sgearicéls incnch eIy an RRID e, ga snd WAL idomnificemnef ofrganisanpl e
and a gas chrgmat ogr aph nd. t he. gas chromat ogr.aph incl pudes . a col um
24 & dor et portone Sttt ittt PRIt Boly i REREALERT | gBEBFE P
appar at us dopipoadidhydhdle S@sciichsh tirfle dshiat ﬁemb@dniaﬁthcﬁﬁﬁls Y&itAifkd in a

i norgani ¢ phosphorus contained in an organic material. That is, the
same gas cYHreHatdseiimphonef thaingeanshasphsusgngydediffigalt Bispmpaseyr hcan

be used. | .yl : 3 : PD,
s speals o AP ey HE AR o SRa Mo mi s R iR
because of attniie =3boiZe S asd i 240 e dcardigly, identifivgtiontvd theabaeanin ghosphorme san
spectroneter |. referabl e fifth aspect of invention of the
oresent apd I B ThEN B PERER e i B SRR e aci ng
unit, whicfeo@ a portion connected to the colum of the gas

chr omat ogr aph, _an ion source .that perfor i oni zati an of S , a
mass separat i oﬁ“ﬂ?ﬁ“ﬁ“?‘eaq‘&é'{”éﬁ‘fetﬁ“?iyg‘ﬁBantqlﬁé? CiPREOT A UsiRe ﬂﬁﬁi%é??"‘géﬁ

met hod i n §RECDOhe AU, GRA theIntalEipedRARR hRAHdHRM abdVRACKorleQithgla lairéh (El )
met hod or an ion chem'cal ionization (Cl) nethod can be enployed. As
an appar at egsnpositiomwhpsgxonignief inorganigwespbeipais&ne whiswrmpaieddhe aip g
magnetic s . r i . r -

appar at us. fomesioy B ABRALR) 2 bk Rt oA RE oHRE RS on
mode i n t hixe adisafitinr sreaoftalyeak STANdythd deight dBitivl peaider thatikbe Snbseduend@

Advant ages. [002C] By, 2Bl o0 AlEE hor, Ol e afa A% W phIOh R0k e
basis of the calibration curve and the area of a peak or the height of the peak obtained by
the measurement of the sample.

[0021]
According to the present invention, inorganic phosphorus such as red phosphorus or
20 yellow phosphorus contained in an organic material can be analyzed, and it can be
identified whether phosphorus contained in the organic material is inorganic phosphorus or
not. In particular, the method of analyzing of the present invention can be suitably
applied to analysis of inorganic phosphorus contained in a resin and analysis of inorganic
phosphorus contained in a solution in which a resin is dissolved, a monomer, a phosphate
25  ester, or the like, all of which have been difficult to simply and reliably perform to date (a
third aspect of invention of the present application).
[0022]
Examples of the resin to which the present invention can be applied include
polyolefin, polycarbonate, polycarbonate/acrylonitrile-butadiene-styrene (ABS),
30  polyamide, and polyester resins. However, organic materials to which the present
invention can be applied are not limited to these resins. Furthermore, the present

invention can be applied also to solutions in which a resin is dissolved, monomers, and



8 organic material of the present invention, or by using an anal yzing
for inorgani c phosphorus contained in an organic nmaterial of the
present invention, analysis of inorganic phosphorus, in particular,

i nor gani ¢ phosphorus contained in a redin, can be perfornmed sinply,
rapidly, and reliably. In addition, whether phosphorus contained in
an organic 5 material of a sanple is inorganic phosphorus (such as
red phosphetherrgnicyedttrile, paoshdsphidnsdstegs. not can be identified.
Furthernnrﬁp ﬂuantitative anal ysi s of inorganic phosphorus can be

per f or med tH a good accuracy. Brief Description of Drawi ngs [0027]
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[0024]

This apparatus for analyzing includes gasification means of a sample and a gas
chromatograph, and the gas chromatograph includes a column and a detector. These
components are the same as those of the apparatus for analyzing described in the method

15 for analyzing inorganic phosphorus contained in an organic material. That is, the same
gas chromatograph as an ordinary pyrolysis gas chromatograph can be used. In addition,
as the detector, an FID, an FPD, a TCD, an NPD, a mass spectrometer, or the like can be
used. |
[0025]

20 Furthermore, because of the above-described reason, among the detectors, a mass
spectrometer is preferable (a fifth aspect of invention of the present application). The
mass spectrometer includes an interfacing unit, which is a portion connected to the column
of the gas chromatograph, an ion source that performs ionization of a sample, a mass
separation unit, a detector, and the like. As an ionization method in the ion source, either

25  an electron impact ionization (EI) method or an ion chemical ionization (CI) method can
be employed. As an apparatus for analyzing of the mass separation unit, either a
magnetic sector-type apparatus for analyzing or a quadrupole-type apparatus for analyzing
can be nsed. Furthermore, as a measurement mode in the detector, either SCAN mode or
SIM mode can be used.

30  Advantages
[0026]

By employing a method of analyzing for inorganic phosphorus contained in an




25[ 0030] (Pyrolyzer and pyrolysis condition) A pyrolyzer

manuf actured by Frontier Laboratories Ltd. was used. The pyrolysis
condition was 600C x 0.2 mnutes. [0031] 30 (GC/ MsS appar at us)

Agi | ent 6890 manufactured by Agilent T&chnol ogies, Inc. was used.
Qperating conditions for this apparatus are described below. 9

Col um: HP-5M5 (inner dianeter: 0.25 mm filmthickness: 0.25 um

| engt h:  30ormanidGaktenial of theWwrdsait énveifong&sbylusg Ah bid] y¥ing for inorganic
Tenper at ure- i r}jcreasi n%gfpndi tion: The tenpperature was increased from
50C to 320%0gphogrsicgptaingy inpagergagicmaterishiolfas presnhisyentien. 3pelsis ofingrpapis

minut es.  SYRsiHBRREHHaHlclar, %%Qg@g{é;g%o%gbﬁ&@&mai&e@(?& (M, ésadczn%)p%%réned

Interfacing unit t enperat ure: asurenment node:
Not e t hat ¢imelynepidly ananliably MmaklitbpeehatiempbosphqrivByontstnsd preanfaygamisd i n
the range of mz.= 33.t0.550 in.order to avoi eaks of en.
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Brief Description of Drawings

[0027]

10 [Fig. 1] Figure 1 includes a chromatogram and a mass spectrum obtained by gas

chromatography/mass spectrometry (GC/MS) of a standard sample.

[Fig. 2] Figure 2 inclﬁdes a chromatogram and a mass spectrum obtained by
GC/MS of a sample for measurement.

[Fig. 3] Figure 3 is a graph showing the relationship between the red phosphorus

15  content and the peak intensity ratio of a GC/MS spectrum.
Best Mode for Carrying Out the Invention
[0028]

Next, the best mode for carrying out the present invention will be described on the

basis of Examples, but the scope of the present invention is not limited to Examples.
20 EXAMPLES
[0029]

A sample was pyrolyzed (gasified) with a pyrolyzer described below, and the
gasified sample was measured with a gas chromatograph/mass spectrometry (GC/MS
apparatus) described below.

25 [0030]
(Pyrolyzer and pyrolysis condition)

A pyrolyzer manufactured by Frontier Laboratories Ltd. was used. The pyrolysis
condition was 600°C x 0.2 minutes.

[0031]
30 {GC/MS apparatus)
Agilent 6890 manufactured by Agilent Technologies, Inc. was used. Operating

conditions for this apparatus are described below.



reagent) was used as a standard sanple. First, 0.1 ng of this sanple
was sanpl ed and 15 pyrol yzed under the condition described above to
gasify the sanple. The gasified sanple was introduced into the above
GC/ M5 apparatus, and a measurenent was?performed under the conditions
descri bed above. The neasurenent results are shown in Fig. 1. Note
that, in Fig. 1, the upper part is a data (chromatogramn obtained by

the chronat ogr auniEP-5VIE (fahe diawes:: (B thml ﬁlnﬂth@ﬁﬁ@s:(m%ﬁn,q i Bl
obt ai ned by the mass _spectroneter (M5). 20[0033] egardi ng t he

peak detected &olumnBevsrats: bls ees 8 mJ¥mm. 2 m nutes of the chromat ogram
(the data of t I"ng -iﬂ@lreéslng dofldi ig'lﬁ Tﬁ?%&p@ﬁﬁ?i&w‘h&gﬁa ﬂ%%{)‘% ol he
Fy, peaks characteri s

| ower part) obtalﬁggﬁgy nass spectrone ) ics of
red phosphd2Qi€ af PrhteofP3A) /miarmd dediredheict 320°0ds: fiveamisuted, Mz = 62, 93,

e ofS a2 m s ke B S LR BlC o7 - copondi ng to
i norgani ¢ phos pherfating BY tehcRdtireMB0eC MBSS spectrum regardi ng the peak

at this retention time, inorgani c phosphorus can be detected. [0034]

[ Measur enent 1 Mgaswampntarodgr Sl gwdenent] 30As a sanple for

measur enent, aRgd i r : i

resin conposit?gﬁpﬁﬁgaﬂﬁgﬁgﬁgéﬁggfﬁﬁﬁﬁ%gggﬁﬁﬁzwgﬁggg ﬁ(ﬁﬁéﬁﬁﬁ%%?%¥bd

by KANTO ChiaMzCAL3 t€O5( inl dxilr Yo avwdll peekk gdloepgehor us (reagent manuf act ur ed

by KAN?S @@:ﬁHENICAL CO, INC.) were mxed with ethyl ene-ethyl
acrylate c 8 ynmer (EEA, trade nane: EVAFLEX A701) in a ratio of

EEA: magnes|Meastiy@eoif sendaetsapipesphasuttencht dQee2n ithe(of@iogdthicr at i 0) was
used. First, 0.1 of this sanple was sanpled and pyrol yzed under
the condit PP i bed above to gasify the sanple. The gasified

sanpl e 5 was i RaQHNGRGuk it & 1tzﬁﬁ(tn?a99fé&u%V§AWCﬁE}bﬁCAmﬁ).,arNc.:

measur enent was performed under” the conditions described above. The
nMeasur enenteagaguiasgiselras astrodard sampis. g Firgt, 0.1 mgrofghis sampltreassepeledpad t i s

o IR OB 0 S0 S W s 86l o R s,
of Fig. 2, wasintrodicbeintethe amfve GUEMStappudiing ashbnpedurcmepesds pedamee usdet ed
O LT O B Ve AL oL TS SRR U
R i i A
’ the lower part is a data (mass spegtmm) obtained by the mass spectrometer (MS).
20 {0033]
Regarding the peak detected at a retention time of 4.2 minutes of the chromatogram
(the data of the upper part), in the mass spectrum (the data of the lower part) obtained by
mass spectrometry, peaks characteristics of red phosphorus (P4 = 124) were detected at
positions of m/z = 62, 93, and 124, Specifically, in this example, the peak at a retention
25  time of 4.2 minutes of the chromatogram is a peak corresponding to inorganic phosphorus.
By obtaining a mass spectrum regarding the peak at this retention time, inorganic
phosphorus can be detected.
[0034]
[Measurement 1 of sample for measurement]
30 As a sample for measurement, an inorganic phosphorus (red phosphorus)-
containing resin composition in which magnesium hydroxide (reagent manufactured by
KANTO CHEMICAL CO., INC.) and red phosphorus (reagent manufactured by KANTO



i-nor gani ¢ phosphorus (red phosphorus) is contained in the sanple for

measurenent. Thus, 15 it was found that red phosphorus contained in a
resin conposition can be anal yzed by the nethod of the present

i nvention. [0036] [Measurenent 2 of salrppl es for measurenent] Sanples

(1) to (4) of inorganic phosphorus-containing resin conpositions were
20 prepared as in [Measurenent 1 of sanple for neasurenent] except

t hat the nCHENGCARG@, NAE) gt nieddivajh mﬁylﬁﬁkthyhgmﬂsﬂempoﬂwﬂsroﬁ’ﬁ&e&arded

phosphor us_was follows, and a ur e 0 M5 was
per f or ned 181¢ ggéﬁﬂgg%tﬂi) a1 E%@WSI@%% dLHf}i‘P%/B'i‘lﬁm de/ red
phosphor us16p: 3519wl at fafid) HAIQLQ0/ Birg, Me@dihmmh@lmas%@ﬂb@@hnd 1.1 wt
% Sanple (2) 100/ 90/4 4 éred phosphorus content: 2. % Sanple

(3) 100/ 90oPwolyzedruadershtenpribion dessabrdafieve tg g@lmthwfaamshnpibe gasified sample
100/ 90/

graph s owwégglﬁ?%&éﬁgg@%? P%?\bsoﬁ? gt?gtgmgéﬁ&ﬁq%m;@erg%g?%%ﬁgﬁz gllrﬁg?l od Uh‘?er
t he posi ti tha cafditidne dgredbedatboee. r é’henieiasurcntehmesubﬁs ark.sRown imlngaéa (ﬂmﬁg 2,

value Obl ol e b gl o Alc YaLS, 0L 255 L. 08 PR Yo
obtained by the MS.
[0035]

10 Referring to the chromatogram of Fig. 2, as in the case of the standard sample, a
peak was detected at a retention time of 4.2 minutes.  Also, in the mass spectrum
regarding the peak at a retention time of 4.2 minutes, as in the case of the standard sample,
peaks were detected at positions of m/z = 62, 93, and 124.  This result clearly shows that
inorganic phosphorus (red phosphorus) is contained in the sample for measurement. Thus,

15 it was found that red phosphorus contained in a resin composition can be analyzed by the
method of the present invention.

[0036]
[Measurement 2 of samples for measurement]
Samples (1) to (4) of inorganic phosphorus-containing resin compositions were

20  prepared as in [Measurement 1 of sample for measurement] except that the mixing ratio
(weight ratio) of EEA/magnesium hydroxide/red phosphorus was changed as follows, and
a measurement of GC/MS was performed for each of the samples.

[0037]
EEA/magnesium hydroxide/red phosphorus =

25  Sample (1) 100/90/2.2 (red phosphorus content: 1.1 wt %)
Sample (2) 100/90/4.4 (red phosphorus content: 2.2 wt %)
Sample (3) 100/90/6.3 (red phosphorus content: 3.2 wt %)
Sample (4) 100/90/8.4 (red phosphorus content: 4.2 wt %)
[0038]

30 Figure 3 is a graph showing the relationship between the peak intensity ratio of the
position of the peak at a retention time of 4.2 minutes (the value obtained by dividing the

value of the area of the peak at a retention time of 4.2 minutes by the weight of the



nmeasur enent sanpl e) obtai ned by the neasurenent of GC/MS and the
content of inorganic phosphorus (% . As is apparent fromFig. 3,
there is a good correl ation between the content of inorganic
phosphorus in the resin and the peak iHtensity in the GO M5 anal ysi s,
and the correlation coefficient thereof was 0.9781. This result
showed 5that not only qualitative analysis of inorganic phosphorus
but al so gmasttietnehi MpRNSbtYSESHhE Med@uith@ht FGUIMBGYd GRtoltentRer f or med
by the nethod of anal yzing of the present invention. [0039] Not e
that, in tiRereayeylos ). o i apnpseasfropn &iige 3rthere praotonR 6pdatiod used
as a sanpl g hanendeRRa 086 R bho & the bdifh Rl BRAK LAIERNh o can
be applied also to other 107types ‘of 1 norganic phosphorus such as

yel | ow phoSPHES asalysimend the erpteldtiontdediiciend thareofiwes ©9781 e dTipik esplhsirowsd

| ndustrj al icabi lity [0040] .The nethod,of al yzing.. and t he.
appar at e, YRR dhatie b it e o st B M e atelrsa
or gani ¢ maRK h 8ighQbcurAts chf BSEorheMSNthe HBheA BT HelyaiRp bf &6 pteder(t Useftion.
for), for exanple, quality control in the production and shippi ng of
a product %¢¥ludi ng a resin conposition containing inorganic

phosphorus, —SuaR@$ainlth&sBevé ELAANbn1Y @a%ggh@ﬁﬁﬁre%ﬁ&ii}hﬁ'u§g i 89 1N

which a resin that may contaln inorganic osphorus is dissolved; a
nmonomer t hsamplehave beenaleseribebr diovweverpthe syshant inyention cart breappbedpise to other

mat er | ?I!l ghtygésgo‘f ino%#a%b ¢ p%%sp%orzug sPc%%? 2@%&&11%?@%@1’5@%%\%@ LAGEER! a%@%eg?fh od

i nspecti A purchasi'ng-such”a pr

of anal yzi red phespheresl phosphorus contained in an organic material, the
met hod conpr,i si, the steps of: pyrol yzi ng a sanpl e conposed
Can or gani dH%TagﬂﬁEmﬁanheating the sanple to a tenperature equal to
or hi gher the sublimation tenperature of red phosphorus to

gasify the sanple; . ] .
The method of analyzing and the apparatus for analyzing for inorganic phosphorus

15  contained in an organic material of the present invention can be applied to (used for), for
example, quality control in the production and shipping of a product including a resin
composition containing inorganic phosphorus, such as a flame-retardant insulated wire; a
solution in which a resin that may contain inorganic phosphorus is dissolved; a monomer
that may contain inorganic phosphorus; or other organic materials, ¢.g., such as a

20  phosphate ester, and an acceptance inspection in purchasing such a product.



separating the pyrolyzed sanple to fractions by gas chromatography;
and detecting a fraction of a retention time corresponding to the red
phosphorus. 2. The nethod of analyzing for red phosphorus contai ned
in an organic material according to ddml, wherein the step of
detecting is performed with a mass spectroneter. 3. The method of
anal yzi ngcfionfed phosphorus contained in an organic nateri al
according to Claiml or 2, wherein the sanple is a resin, a solution
in which a resin is dissolved, or a nononer. 4. An apparatus for

anal yzi ng red phosphorus contai ned {n a sanple conposed of an .organic
material, 'the gﬁ%%ﬁ%fﬁis‘mf‘g "andl vgi"h%”@%’%%‘ﬁ‘ﬂ%‘ﬂ”g‘&ﬁ¥€I“é%‘f‘i“8’d“l Y8ns
for pyrol yiziing canpesipg eheliyegedst i ng the sanple to a tenperature equa
to or higher than the sublimation tenperature of red phosPhorus; and
a gas chr omat oBYAPRERSP I i PosR] @frin ofgsiicd By EiH LY hgatiteehe st g e
sanpl e 1 0 dnfREdui8B§uA R oih i B @GdnQhe beliﬁlag&?teﬁ'nlplﬂltaﬁgeBFF&?&B&I%RJSW' _
5. The apparatus for anal yzing red phosphorus contained’'in an organic
mat eri al &t¢brias signde O aim 4. wherein the detector of a gas is a

mass spectr Orrege?)'érating the pyrolyzed sample to fractions by gas chromatography; and

detecting a [taction ol a retention time corresponding to the red phospharus.

2. The method ol analyzing for red phosphorus contained in an organic material
according to Claim 1, wherein the step of detecting is performed with a mass
spectrometer,

3. The method of analyzing for red phosphorus contained in an organic material
according to Claim | or 2, wherein the sample is a resin, a solution in which a resin is

dissolved. or a monomer.

4, An apparatus for analyzing red phosphorus contained in a sample composed of an
organic material, the apparatus for analyzing comprising:

aasification means for pyrolyzing a sample by heating the sample to a temperature
equal to or higher than the sublimation temperature of red phosphorus; and

a gas chromatograph including a column for separating the pyrolyzed sample to

fractions and a detector of a gas eluted from the column.

5. The apparatus for analyzing red phosphorus contained in an organic material

according to Claim 4. wherein the detector ol a gas is o mass spectromeler,



