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1 DESCRI PTI ON METHOD OF ANALYZI NG | NORGANI C PHOSPHORUS

I N ORGANI C MATERI AL AND APPARATUS THEREFOR 5 Techni cal

Field [0001] The present invention relates to a

met hod of anal yzing for inorgani c phosphorus contai ned

in an organic material using pyrolysis gas

chromat ography, and in particular, to a nethod for

anal yzi ng i norgani ¢ phosphorus, such as red phosphorus,

contained in a flanme- 1Ppselrgpdrsresin as a fl ame

retardant. Also, the present invention relates to an
MEPPATAOKANAL YZRE GyINORG AdH CiFHO SRMOB USidE PROIANIG MAIERIAL

organic material wit ich the anal yzi ng
for inorganic phofﬁﬂafﬁgmﬁﬁﬂéﬂsgﬁg&&&%“ﬁater|aI can be
carried out. Background Art [0002] 15 For covering
materials of insulated wires used in electric equi pnent
TechRdarEsign materials such as interior finishing

materials for autonobiles, flane resistance is required
Woﬂﬁbntthe st andpoi nt of safety and a fire- retardant

ert Consequen hi t hert vin chl o
PV Do PR Tt fatelatt Pt Thiboisaik Phptiprus
F
cmﬁéggpggﬁgﬁ%ﬁﬁ%¥?ngggas riﬁgm%%%gggﬁegﬁﬁﬂﬂgéﬁﬁln %%%hntoa
methdd Hiad amgbairigl iaongamie phosphntusy @ch as exiphosphoras) sotavied beefiame-
used in recent years. ‘%0003 Exanpl es .of the
retaigel 168N 9§ érﬂameatﬁ@rcta@t ardlispn the pegsent é’b‘f?ﬁ@@@ felases tor@agparatus for

I
ana‘rf?gznrtp%ar E)dé)g id eého%l!écﬁrg%ﬁlad‘sn og’gﬁng ﬁlt ferrlqﬁwﬁth IV&II%@ %e%otd
anaPpasPie inesgdni @pidspiedras thodit srg@i€ nlaked] e Hehaniddae

retardant. 25 Alternatlvely, net al hydroxi des such as
Bw&@unmddﬁihydrOX|de and magnesi um hydroxide are also
[OOHZﬁd as the flanme retardant. However, in order to
rease the flanme retardant efficiency and to prevent

a @ﬁ%@@éﬁlvg‘ rHat@ﬁ&lQ %Pirﬁf’i‘l‘ateﬁr\ﬂpe%rdsé@ﬁ eq'éb?né &Hﬁprﬂé‘rﬁraﬁ@%%m

in the unt of netal hydroxi de m xed osphor us
mafehialssucletsinttaiot Sinshmgusaetidl nfor antonudilen lﬂame[ré)ﬂﬁét}ce?.@reqmred

o Bl S T e LM o e
pol?vc‘ﬁl?lr &1&?&: (PHGIERCH IS AL IR RAE RN HEs Fhen v However,
PVC generates a large amount of hazardous chlorine gas during combustion, and thus non-
halogen flame-retardant resin compositions have been used in recent years.

[0003]

Examples of the non-halogen flame-retardant resin composition include
compositions in which a flame retardant is mixed with a non-halogen resin such as an
olefin resin. Here, phosphorus flame retardants are used as the flame retardant.
Alternatively, metal hydroxides such as aluminum hydroxide and magnesium hydroxide
are also used as the flame retardant. However, in order to increase the flame retardant
efficiency and to prevent a decrease in mechanical properties due to a decrease in the
amount of metal hydroxide mixed, phosphorus flame retardants are used in combination.
[0004]

Examples of the phosphorus flame retardants include organic phosphorus flame
retardants such as phosphate esters and halogen-containing phosphate esters; and inorganic

phosphorus flame retardants composed of inorganic phosphorus such as red phosphorus.
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phosphorus flane retardants conposed of inorganic
phosphorus such as red phosphorus. 2 Anong these,
i nor gani ¢ phosphorus fl ane retardants have features
that the rate of content phosphorus el enent is high
and that flame resistance ca% be inparted by a snal
amount of addition, and thus such inorganic phosphorus
flame retardants are preferable flane retardants for
Am®agEheby, ARGrg@ic pRSIpRSIus Flamea¥@riahe, haPafefireBeURE Rite df content
proposes a flane retardant resin conposition such as
of phwspiiosts elemendiinhigbrandihait Agme ecslspsamsp Ao be gmparigddy a small amount

t.ardan Under. th r cunst ances,

of 43R G S ERHG RO oS L TE RN g BiEpraple flame
retard Aot 85AL ARJe of S8 Cpéip&ﬁfnﬁa OPae DA AR 1 ?gbposes a flame-

I norgani ¢ phiosphorus flane retardant, e.g
retardesiti keatrecbmpasoni sach aim@efin &srremmlmﬁgmlsp}tdsplmr%ﬂane

i nsul ating covering, for the purpose of quality control
retar@@f.eof , an method of anal yzing with which inorganic
Oogggsphorus such as red phosphorus can be anal yzed has

n desired for manufactures, and the nethod of

analydel s discuReedthcee $h fn%quahg and gnplsmF ﬁgb@&ﬁkﬁin@fung' stch a

product as an acceptance i nhspécti on 06] 15
ﬂam@mmkiamtepsmsomposmmccgmmnmgphompgmuph®ph¢ruaﬁameaietardant e.g.,
inm@ho hor us, | ens that _hazardaus phosphine i.s

PafE P%l CIBHB GRPPOioMe sl amgoyFriRg, for the purpose

o QUSRI AT VS 1 B PTG s

~as 1pd bhb@ﬁoﬂﬂtcan boandlyreddbhobecsn debedifoe n(aﬁ]ufaﬂﬁir@aﬂﬂld:the method of

hosphorus i s not desired in sqgne cases. Furthernore,
angj yilrpﬂabztsub@am desired alsaifer pusehasers o thit piedasitas an apeegtance mspection.
OOB?fsphorus in organic materials 20 has tended to be
ict in recent years. Consequently, also fromthese

st avigapitileSas @r invREMRIpiRfspiarad M&hrag rod SHOspHYr6d) problems that
I nor gani c phosphorus such as red hosghorus cont ai ned

hazardouaph@pgmmls:gemtmd diringanonthasteoredngzbat dhessorbeferhosphorus from

i red as acce S e I ke.

wagpE et 45p SYATAR ESUBES SRS OR AELRE A0 BE RApleIts have been
pmﬁt@ﬂ'o'u? ahd BferdtuR! {h‘é"i‘fsé Qf‘mB% gﬁ’l gus]@ #gtchespédsﬁl Qnd &ses.

of Invention Problens to be Solved by the Invention
Fufl¥®fidie, hopetiarar, regolagan b thelvostehoofirsd phedphass iredrganic materials

phosphorus is. not dissolved in various
has tended to be strict in recent years. Consequently, also from these standpoints, a
method of analyzing with which inorganic phosphorus such as red phosphorus contained in
an organic material can be analyzed has been desired as an acceptance inspection or the
like.
Patent Document 1: Japanese Unexamined Patent Application Publication No. 2004-
161924
Disclosure of Invention
Problems to be Solved by the Invention
[0007]

However, inorganic phosphorus such as red phosphorus is not dissolved in various

types of solvents, and thus it is difficult to separate and collect such inorganic phosphorus.

In addition, inorganic phosphorus itself has no infrared absorption in an infrared

spectrometer.  Alternatively, even when inorganic phosphorus mixed in an organic
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30 types of solvents, and thus it is difficult to
separate and coll ect such inorgani c phosphorus. In
addi tion, inorganic phosphorus itself has no infrared
absorption in an infrared spgctroneter. Al ternatively,
even when i norgani c phosphorus mxed in an organic 3
material such as a resin is analyzed using a Raman
spectroneter, information about the organic materi al
mafeBialnguich by a e3irpispaslyaddcusiny ORambh Specablier, iffd rinMngducthe
phosphorus cannot be distingui shed therefrom
orgawe Bradriag Isymainhyoebieineanshiospmetiors abayt the inergamic phosphorus cannot

terial , .su as resi n _cannot. be anal yzed by any of .
be TG et HBHEoR « SriekTndl ForByieoHariB i e A mleria
sucRAgh Y& B carfhn8f bEXRATRLE Bg(%ﬂ? bl BPRbE. VA RErh@Nely, by an
el enental analysis (E el enental anal ysis) usi'hg an
elemaalpnatlisspr ekaepl; erygy-dispereise Xamg ebenadnyat @nalysis (EDX
phosphorus _as an el enent can be detected, but
clemgiat anpfysky MRS Be eRRBYrdisRenstys AY -cayphss prseRasanakygerophpsaherus as
an éi@ﬁéﬁ%%ﬁ B8 dS@beR But ?%nﬁﬁﬁit%%%%eéﬁ‘qg&é%ig ghé’%)hh&ts 408 organic
case where organi c phosphorus such as a phosphate
pha@plicls E@YndI®e peiTbhdde d Adcbrdir]y, i @eTakd Whére oaalyp@sphorus
i norgani ¢ 10 phosphorus. [0008] The present invention
such4s apbesphaigcster maybd epntaimeddl isdmphssblp fowriabireiinprgdrac
hre}Ilated art. It is an object of the present invention
Phasg %P%vi de a nethod of analyzing for sinply, rapidly,
[00@31}1 reliably analyzing inorganic phosphorus such as red
phosphorus or yell ow phosphorus 15 contained in an
or Jhaipresemtievangibn hanbggamiadetih arder tonsul grathiscprpblesyah oharslated art.
,containegin aresinas a fla retardant, and_to. )
It ipanyohierd oatheappienhinysntios to RFYe? mGthod ol anglyzing fprstpply, rapidly,

o 2 TERA5 Bl O B % [ RO Do prepppores
cort@haEintdnergiy mafekial e partit il er, invv@inioghogphdriieconpdi skinta resin as
i nvention found that although red phosphorus and yell ow
a flame spadpnls and © evide an pprargnios asdlbaing fuegrryingaypt anmgihod of
aniigected by pyrol ysis gas chromatography, which is
8ﬁ%sively used to anal yze organic materials such as

MeR& S6FBHIVIFRE BE PAdbiemd N addition, it was found that,
according to an apparatus for anal yzing using pyrolysis

[00§8k 25 chromat ography, inorganic phosphorus cont ai ned

g (PRGN i1y GaF 57 SN S POAlAaH b e e the
RS, AR Ly AP B S AR s
inorgavirsubstances, they can be detected by pyrolysis gas chromatography, which is
exclusively used to analyze organic materials such as polymer materials. In addition, it
was found that, according to an apparatus for analyzing using pyrolysis gas
chromatography, inorganic phosphorus contained in an organic material can be analyzed
simply, rapidly, and reliably by gasifying a sample and then measuring the gasified sample
by gas chromatography. These findings resulted in completion of the present invention.
Furthermore, the inventor of the present invention found that, by using a mass
spectrometer as means for detecting fractions of the gas chromatography, inorganic
phosphorus contained in an organic material can be more reliably analyzed, and good
quantitativity is obtained.

[0010]
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Furthernore, the inventor of the present invention
found that, by using a nmass spectroneter as neans for
detecting fractions of the gas chromat ography,
i norganic 30 phosphorus contained in an organic
materi al can be nore reIiabI§ anal yzed, and good
quantitativity is obtained. [0010] 4 Specifically, as
a first aspect of invention of the present application,
t heSRERRAIN, ak B\RE st Bf RVERRD F tREpeQst fplRBAONY, A Fesent
for i norgani c phosphorus contained in an ‘organic
invemticay pravides dmethetdind dnalpzihg dirrgorghwc shegphowk comyined yizamerganic
a.s | e conposed of an organic material to gasify the
Ina?EﬁEF ;e Oggﬁin?gﬁ@SFﬁéo'yrolyzed sanple to fractions
by | : e i.ng:. a. f | a
R A
phosphating the[pyeslfdeddmiph o Sraofiodsts @isarngate@hsty; ahd
used as a sanple to which the nethod of analyzing the
pr edségeting pEstiomal 3 tensiohtioee corgspandingsto throingrgapis)phosphorus.
E thernore, the nmethod 10 of analyzing of the present
rnvention can also be applied to solutions in which a
r eSE)(hrﬁp?esddﬁﬁé’bx‘gﬁﬁ’ic PREITRES] ANkalhip fol Wiich ARIARNESS

organic materials, e.g., phosphate esters. Exanples of
anal yrng the pgaantdnpdndiep hoappdied acl rasles (petynwre)s p farthernamel the method

yel| | ow phosphorus. [0012] The step of pyrolyzipg,.a . .
of agl&h/ﬁll@ quh@argﬁw “t‘ﬁé{l%%ﬁ%’l alsq wﬁﬁ%w@tws HEWPIChG fesiR is
. | . :
s PSSR BURIRRL TR AL LR SRS R cor
Ex@hplspbdihd snorgaic pisphiras ik liesedplvsghorasibhd yelomophosphorus.

tenperature; 416C or higher. Therefore, in order to
[00d2] i abl y sublime red phosphorus and to perform anal ysis

Wi t i accuracy, t eat| temperature | .

or ofrugl ' BERGE Spaphlio BR8P o RR Prtifhely heging e

sanif1€ fLa teRffetiive Gt RARDRNOS4hSp16 AdaiREGr highdr. I @5hénd Varus types
target of the analysis, it is 20 necessary to heat the

of inargahie phosphorusatrerosphorechala high siblimiatihe tempesatuteh €l 6°C or
g TRES B ard P A So e o Gl SRR o
w1t%1%gn%}9£&ﬁra‘é§/, tHo Hé’aftmggé}ﬁ%gtu?ée)ig girerfiélggl%@oo a o?ﬁ%’h&ﬂ. Ol particular,

eating tine 1Is or conpletely
in thasadeywhrege inoeganangiospha2ts @amtdineigiara. resih és hiagdeit ofjtheianaysis, it is

vari es dependi ng on the heating tenperature, the anount
necgggsary to hea t%e samgle at a temperature eq%al torg)?%lg%er than the decomposition

[00

temperature of the resin.  Accordingly, a preferable heating temperature in such a case is
in the range of about 600°C to 800°C.
[0013]

In addition, the heating time is a time required for completely gasifying the sample
or longer. The heating rime varies depending on the heating temperature, the amount of
sample, and the 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
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sanple, and the like, and is not particularly limted.
Heating nmeans is not particularly limted, and any
heating nmeans used for an ordinary pyrolysis gas
chr omat ogr aph can be used. %0014] 30 The sanpl e
pyrol yzed and gasified is introduced into a colum of a
gas chromat ograph. Conponents in the sanple are
separated in accordance with a difference in the
(retdhtddi firRed)itea defistifbi &g;‘bdéﬂv@@cnﬁmféhtsf r OBhdifighs Rk tids gas
stationary phase, and eluted at tines 5 (retention
chroinpegyaphp ate it fdree af omdrtenp dortdrdivayqypalysingas chromatography
gbndiﬁions far this gas chromatography are the sane as
used 4 ARy BHef ®8PS-or di nary pyrol ysis gas chromat ogr aphy
WOT§Fd in analysis of resins. [0015] 5 Either a packed
colum or a capillary colum can be used as the col um,
butEither @ pptkedanoiungodid@tpiliarp tali;maih Ye useichsithe column, but a
qualitative anal ysis. [0016] The sanple eluted fromthe
capgléry aplusm i Recterably aedbimetveliatiphanalysint r oduced into a
mo?g ector to detect the presence or absence of el usion
action) in accordance with the 10 retention tine.
Therign@ahphd SuRll HoAPIHERB]EPHAES Eer SfohstoPRbh % iMBEdRYEd into a
detecting a fraction at a retention tinme correspondi ng
deteaort theletenbthg @rdsenqelvo spéence st elEgon Exanphkin acordance with the
det ecti on %fr ction) i s present at a retenti.on

pea .
retqniing tgnsy r d4F &Hé?f @0? orgaalc RGsRNARTL!S PRI RYdetgefing p fraction
o FARLETERSE B TP LA S LASRIREIS, PERRENL if rcion
peditetrectidnd s fresdat ff & @etion Jimgtcotreshiontimpes therigdrghiic @hosphorus, it
_ tine. Accordingly, 15 whether phosphorus contained in )
is copbirmpgdythai the ierganaphaspharpeispaessnianithe sammleyanfiusthermore, organic

h horus ch a d..phosphesus. or. vel | ow .
o BRBSRNBA< 29 SR o R UBOR B Pl Sty B gocordingly,
whéthad phvisghorliOEbhfdindd i@ th&b@ahik Mhtéridlef ﬁ@rsmgl@qm fionghni®
i norgani ¢ phosphorus varies depending on 20 operatin
phasphetius (suals a$ md phiephoyusairysllew ghgsphhrusirat majicap he dishaguished by
HS:%@E’ of columm, and the like. Therefore, prior to the
thi GFement of a sanple, the same anal ysis as that
odescribed above is performed using a standard sanple
[0 ?]5_ .
of " i norgani ¢ phosphorus, e.g., red phosphorus so that
t heTheatetentibw tintei correspond mgpo nehrgegid ghospleoruneargadepending on
phosphorus is determnm ned in advance. ' )
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
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[0018] 25 As the detector, a flame ionization detector
(FID), a flame photonetric detector (FPD), a therma
conductivity detector (TCD), a nitrogen phosphorus
detector (NPD), and the Iikg, all of which are
ordinarily used in a gas chr8nmat ograph can be used. In
the case where any of these detectors is used,
qualitative analysis can be perforned on the basis of

of the EbdVeQRRRMR (£5ccoR® 8fpett HindenbBAKT Me pReseht @Plii:aﬁfbnﬁ.i me
corresponding to inorgani c 30 phosphorus. 0019]° More

Speasrfehby.ablsych 4 Djen #€D, ed'GLY opend diPik ddensifingion afassganic

t t [ f. 6 f th b tect
PhCSBEBHAEHOETGEN IHeTatE PoAm G KERIPRaRIT, dBFFIRY 2
corfBRER SR e BASRRR B SEPits, FFRos Rans n

sanfye, fi denmigidativh diltBe hasdadicofhogptorud ey betENE oM soidRases. On the
Therefore, when a conponent having the sane retention

otheri pad aaccendang tofmasa epesinamestrphiosiganic phosphorshas chesect¢ristia peaks

5 sanpl e, .jdentificatio f t.he.dnorgapjc.phosphorus
ot e 0 631 93 B 41 rRkoRingly R inghBOR B g ifRtpSRE RS Phorus can
be RHEGHY PeABrh& PSS baRS 6T e PrlstNoe drRBEGRELEHR kor us

has characteristic peaks "at niz = 31, 62, 93, and 124.
[002¢kordi ngly, identification of the inorganic phosphorus

ca e reliably performed on the basis of .th sen
or %@@ﬁe@emu@ﬁ@gge peadys ¢ DeTgIREA 1HB8 FisdD; the FED,
' Ny (VA r ' he ac:
e A DL R Al gAY LT kB i
corsgsitionontaise coment o fonagdardd pesphdi@k ikl ie preparedsihe resin
conposi tion whose content of inorganic phosphorus is
COTRPASIIPN; 1§ MsARIsed @dt,hetah@vq-é@mbectmﬁ%@é,i a Gadihration gy us pigpared on

o RS B R LB s
a meRSir&BEMIE 2 QhmpRas P&ddtmea! addnfuahiiteBve MUPEEWAA Ve pérfodedPon the

measurenent of a sanple is performed, and (%uant itative
bastred|ths cadibeatonisaryseantl dhevarda oha péak orlibeshaighfot theepeak obtained by
h calibratiqﬁ.gurve and the area of a peak or the height
the gpeasyrementar A 3ammled by the measurenment of the sanpl e.

[00[2 21] According to the present invention, inorganic
phosphorus such as red phosphorus or 20 yell ow
phasgiooding tectha pedseetdnvemtian, iaogamic hogthenisalicicasretd @hosphorus or
nal yzed, and it can be identified whether phosphorus
yelloghpligspaeius sontpaedb AR Arganiamaterigl cande; anglygethapd 1t can be

ideRERSPIRNHS 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
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),
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
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not. In particular, the nmethod of anal yzing of the

present invention can be suitably applied to analysis

of inorgani c phosphorus contained in a resin and

anal ysis of inorganic phosphorus contained in a

solution in which a resin is’dissolved, a nononer, a

phosphate 25 ester, or the like, all of which have been

difficult to sinply and reliably performto date (a
othérhirpghi aaeeialspé.gi, ?M@srphht@rest@fs.t he present application).

&OOZZ] Exanpl es of the resin to which the present
[002%venti on can be applied include polyolefin,

polycar bonat.e, £i . .

pol YERPRHEL B/2A8rTh Bsneet ol ivaptipa gl tirereeytanriictinpgihe present
: . . . , i
invafioRHryRAE Ry ﬁﬁﬁtt@%y ﬁ%ﬁﬁﬁn%@%fﬁ&ﬁrc rﬂﬂi@%}ﬁ)‘é‘?ﬁs coflad®dlifr a s%mple

materials to Ich the prese Inve n can be applie
congpaaed of arl ongaiie thaterial bs eppaegunfor akalyzihgimechrdéng gdsdication means
present invention can be applied also to solutions in

for prioeyring ¢ emmie; andd aps shipgtograpioineludingartelymn firseparating the
pyrg{a/rgﬁﬁea?nrpg?{eoeﬁ%wﬁfogls ?fd g %i%te&l&o (‘?’ff:)z{I g%%hﬁg& fbi: the L&QI%SLeBy

. . our aspec . | nven. Ion o .
carBiSaN theddHdlve @aédridad nieftt difanging ifeviasicheid pRbsPhoERToRfAined
_ apparatus for analyzing inorganic phosphorus contai ned .
in anrprgansamplesial &f the prssend anvehtiam usng tns appasdtes foahnalyieg, inorganic

apparatus for anal yzi L ncl udi n asifi i on nmeans
phoRBRSThS i sl Cot Relded ST S RdgRER By aph
[OO'Q@]CI uding a colum for separating the pyrolyzed sanple
to fractions and a detector of a gas eluted fromthe
col ThimapByatucter ayilpgng irticludes gadiiicatiod @asans bfdsamgildadd @fas
anal yzi ﬂg fOL?i nor.gani c phospho({ us contained, in a

chremaigaraphmnddhs aos drompiasispa deshi efﬁ\?ehlmrb%nd@sqieﬁ@cterh?éf hese
corfBASRE AN RnEREiEL e ARGRATE 1, ENERRAELE | e v

for bRA¥Ahg THorSandPptessphicas Editainebinyl diganid\@lategi@s  That is, the same
gasl fication nmeans of a sanple and a gas

gaschrangioggplaphan erdthanhpyrglysisas emamatngagh dandeuerds dn addition,
| d a det h t th
as BEIFRHOE BFTPHE Hgat EBs s PTLALYS prisUaBstEr Bd Ty can be

useihe method 15 for anal yzi ng i norgani c phosphorus
contained in an organic material. That is, the sane
[00@8k chromat ograph as an ordinary pyrolysis gas

e ETETTOGH PR DE o PEBE 4eebE BoNPBMOR fitectors, a mass
speéﬂ&ﬁ&t%?g%@f%rabfér(a% Asb&? of AeRfon Y56 pregém %Eélication). 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
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 used. Furthermore, as a measurement mode in the detector, either SCAN mode or
SIM mode can be used.

Advantages
[0026]

By employing a method of analyzing for inorganic phosphorus contained in an
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20 Furthernore, because of the above-described reason,
anong the detectors, a nass spectroneter is preferable
(a fifth aspect of invention of the present
application). The nass spectroneter includes an
interfacing unit, which is a“portion connected to the
colum of the gas chromatograph, an ion source that
perfornms ionization of a sanple, a mass separation
orgaiit matadiatief e tpesentdneentio, ér byausindSanadmalyeitigZat inérpafiet hod
in the ion source, either 25 an electron inpact )
phosplfireseendrngdEn)anrasgandeimateriahof the pehentiimventipm @nglysis ohinorganic

oy B0 S o B e PP ¥ et

i i1 1. Y oRGirRl ; i
simFRORRAIF, RGN Y IR BHAE AkiinchogelutoRinR iflan grganic

mafetiak dfer saopds isasorganie psasphoms (such de radrphbbghothet @ gebow
ei t her SCAN rmode or, . SI M. nmode can be used. 30 . i ]

phospROiHY) £ @8t cangigadsntifisg. o FRthgymere, qUarstHbE apalYas &F T grpic
f ' ' alalg ined in an 8 organic

P hoﬁ*glﬁoé{rllpgz{ng%;B e?%o@ﬁ%@%@@fgﬁoﬁ%@%@%@h’ or by using an

Briéfésydptich dODrawiggsgani ¢ phosphorus contained in an
organic material of the present invention, analysis of
[00RAbr gani ¢ phosphorus, in particular, inorganic
ph horus contained in a resin, can be perforned
i 1% 11 Fiigpe ietuditia pliomatgam and At soskiruyabegd by gas
hrBReBRBHYAEO HeRtBRlr| (GeMIY SBMtsndrdBhetal of a
¢ sarrpggl%iyéI ino%%ar{i C 6%'1gcsiphor);s (such as red phosphorus
or [¥el. Rphiguphd spholesis hromatigram and bendssiepecirfunendtained by

Furt hernore, quantitative analysis of inorganic
GCAWS 9hReAmBledanmMERs WPy ned with a good accuracy. Bri ef

De e . . _ , . .
o Bl AR i d SR g i Thiad ool G bt B g
conés and the@alt QQéranFydtrmﬁa Goads speddtufy (GC/ MS) of a
standard sanple. [Fig. 2] Figure 2 includes a
Be%ﬁ&ﬁﬁd@b@ﬁﬁhmaﬁhﬂﬁmﬂg entihect r um obt ai ned by GO M5 of
lpozﬁganple for measurenment. [Fig. 3] Figure 3 is a graph
Wi ng the relationship between the red phosphorus 15

Cony&At thabekt ktRicsRkartyi S tfe/presint Rivertich VA B&escribed on the
spectrum Best Mdde for Carrying Qut the Invention
basfsoffABjamples, but the scope of the present invention is not limited to Examples.
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.

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

conditions for this apparatus are described below.
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Next, the best nobde for carrying out the present
invention will be described on the basis of Exanples,
but the scope of the present invention is not limted
to Exanples. 20 EXAMPLES [0Q29] A sanple was

pyrol yzed (gasified) with a pyrolyzer described bel ow,
and the gasified sanple was neasured with a gas
chromat ogr aph/ nass spectronmetry (GC/ MS appar at us)

descslupadHPeIMS/(indér difaet: 0(F3yihal, Yiti@ thiskiksPM. 2 Ml Bngth: 30 m)
condition) A pyrolyzer manufactured by Frontier

Lalibrrlamorﬂoe\sram dile gaad. (lmédmnThe pyrolysis condition
600C x Q.2 m.nutes, Q%gll 30 (GO M5 ap% tus%
Ag CBRETES N R B g REEHre MRS ARG PaSEH dom $IE to

2B e o BRI Ao BRERIESAR (e S pRRELD o7 '

0. S n#mpdrature: RBOWK (S Soufkefd 507C (8dYEd) 30 M) Col um
flowrate: He gas 1.0 nL/min. Tenperature-increasing
condierfaeing umﬁéemmer%%@éi was increased from 50C to

32 at ar 1;\%&?& na and mai ntai ned at 320C for
firsiead moge Pt ure: 230C (M5 Source), 150C
( e
NZE“S%?%*EH# BRIy B LSRR VS e R Tomed n fhe rnge
of iz 73 ® s’iﬁhntmdnremawldnd@ksmgxp@nfor med in the range
éﬂrﬂz = 33 to 550 in order to avoid peaks of oxygen.
[003 [0032] [Measurenent of standard sanple (neasurenent

SRS gl DOESRNS, o PRRTRIFRNS i
ph@@lomg)mc reagent) was used as a st andard sarrpl e.
First, O. of this sanple was sanpl ed and

py r%?@lﬁ@dphma%ﬂ% thi24e émamwfa%wed &3 dcANED %HEM:.ICM @asilNG.:
reagen?) vsvgsnyseg as glgteangaralsgﬁmgl%. S%th, 6.1 mg of this sample was sampled and

pyrolyzed under the condition described above to gasify the sample. The gasified sample
was introduced into the above GC/MS apparatus, and a measurement was performed under
the conditions described above. The measurement results are shown in Fig. 1. Note that,
in Fig. 1, the upper part is a data (chromatogram) obtained by the chromatograph (GC) and
the lower part is a data (mass spectrum) obtained by the mass spectrometer (MS).
[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
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)

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
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was i ntroduced into the above GO/ M5 apparatus, and a

measur enent was perfornmed under the conditions

descri bed above. The neasurenent results are shown in

Fig. 1. Note that, in Fig. b the upper part is a data

(chromat ogram obt ai ned by t]he chr omat ograph (GC) and

the lower part is a data (mass spectrum obtained by

the mass spectroneter (MS). 20 [0033] Regarding the
CHEdAK Ade€Coctbf. ptvere migt@mithethyléneeetiof] adryPaterconol yeerd EEAh érade

chrQmatogram (the data_of the upper part), in the nass

X fr

nangg; doty 81 bigradate ot EEAma@esiyay hydropderedadomporyas s
: hag.act.eri st i CS:
G RE T T NP Be MRS OT LU b PBARDNS
pyrdRded ddbler BResonlitioaldeyoribed abhieto @4ARPhE sathple. PFRK gafifid sample
retention 25 tinme of 4.2 mnutes of the chromatogramis

wasinfreduced antogkparode S-/MS apreragesaiand psepiromens waspgrformed under

obt ai.ni ng a.mMmass spectrumregardin he peak at_.thjs )
the 2o PRsohs i tFa op Yy oot TBEaSHRGEBHBR UL 415 S Befitd odn Fig 2
theyBpet bart it yRARMIATRAD obidtledTHe 6C 814 HERRNE BERM d milh dRotrum
obtpined pindreddy- contai ning resin conposition in which

rér:ag:nesi um hydr oxi de (reagent manufactured by KANTO
[00&pEM cAL CcO., INC.) and red phosphorus (reagent

ma y b t%y | 0. & |

m ;tg%?]&w&# ﬁg g}eh%llr ene- gtaﬁly?f ng%agﬁtthg?%% I 03{ rtf'\%ér Qt?)@%kl,%amp le, a
peak vadQletcd iRt a RGtldRAinde 81192 infindtes. at ARo,Gh tiEAasBRGBERINIM

hydr oxi de: red phosphorus = 100:90: 10 (wei ght rati o)

regording tbe deakritagetenion timg 06 f . 2trhingtes sasph ehevgase elathp steadard gample,
r ol d. under t.he condit] descri bed., above, t.o gasif

peah Rt fieect SRosts GBE <60 dpe iR 12 gt s WY tha
inokgdfi shord KhsSs casingd FBAS YARPR Tor MBS t. Thus,
mopégﬁlfc rmelglound(cli:'/r§1 ﬁ?ﬁg co??disfi onél descri beglgabrove. u[]_err]neen o
it was dswndghaed pessphoms ao@amhdwna resinfiogpoitioh marbeanalyzed by the

thé@f per part is.a chromatogram obtained by the GC and
meghg QWCS;?&PWVP@IOQ' mass spectrum obtained by the MS.
[Oob@]o%] 10 Referring to the chromatogramof Fig. 2, as

in the case of the standard sanple, a peak was
[Mesureiend? af sanpled fontricasurtmem] of 4.2 minutes. Also, in

t he mass sgectrum regarding the peak at a retention
t i rengflesa(12 tnidp of worgais phesphmeucensaipmeresin serapedtians were

e §SE QSRS FalShEFLF g SR e ol s
(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 =
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]
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
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i norgani ¢ phosphorus (red phosphorus) is contained in
the sanple for neasurenent. Thus, 15 it was found that
red phosphorus contained in a resin conposition can be
anal yzed by the nethod of the present invention.
[0036] [ Measurenent 2 of s | es for measurenent]
Sanmples (1) to (4) of inorganic phosphorus-containing
resin conpositions were 20 prepared as in [Measurenment

measufimen@ Bathle § GHtaifB@BY fHRREHshreea Ot GEMS ahth ehelBoxiteRof
ratio (weight ratio) of EEA/ magnesi um hydroxide/red

lnoxﬂao@mhommnwdsvt%ﬁﬁa ne s appareot fromd’ig.ah theraisragoodcerrelation
erforne r each of the es 0037
ber sty eGSR Y B PERIP PR B gron p B2 PRASRipgb iy prthe
/ : r %
OO ey 0 PRGN RS afe D08, gl Shoned
thaﬁaﬂ’ph}y ud)itali®O hRA)Y Hs Sf mb:gdnmhmsghmmssbm aBb qnﬁnntﬁw:é anklysis
Sanmpl e (4) 100/90/8.4 (red phosphorus content: 4.2
w1tkMa h@gh acrBRSBFamsbe p@réqm)@d Pyithe @eg\od@ﬁ asHpeing gt thegresent invention.
[00 glatlonshlp bet ween the peak intensity ratio of the
é |t|on of the peak at a retention tinme of 4.2 mnutes

(t heoty daan AR AoRetx Pws Vol Eged Qﬁere\fé’d y&s?ﬁmhm @e@as a

of the peak at a retention tine of 4.2 mnutes b
sampa¢ bhte been db@rlbdd ndawencstbnpresentvetiabca baeappbyd alhe to other

ur ement GC/ MS and ont.ent of |no
typ%%ﬁawgmg P RRIIS ARCH & YRR HEROPHOTGreres i PO TG 2 pase of
d3h8 niorrelation between the content of inorganic
e gﬁogﬂhorus in the resin and the peak intensity in the
Ind®idRAppirblibitys, and the correl ation coefficient thereof
was 0.9781. This result showed 5 that not only
Ooé@blltatlve anal ysi s of inorganic phosphorus but al so

per fe rﬁ%éb% &f %ﬁyz@ zind\ghé Ppp%ﬁ%il%%r %éﬁg%lgé ﬁ r%‘&g?ﬁc phosphorus
cont NGl aﬂrbrgar{l@%&hal\ﬁﬁtﬁe phaént inventibe cﬁb&é’@pﬁé@@dﬁ@d for), for

only cases where red phosphorus is used as a sanple

example quekty cetselrineaprodintionand shippingod s eneduchinehndingra rain
lied.also to ot 10 types i o
corgmnsa iR B8 k@S it SR Pt Gpsulated wire;
solttidH th&hiliPa PeshPBE Rhy cdftdn RORERNROPMSSphorus is dissolved; a monomer
that may contain inorganic phosphorus; or other organic materials, e.g., such as a

phosphate ester, and an acceptance inspection in purchasing such a product.
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I ndustrial Applicability [0040] The nethod of

anal yzing and the apparatus for anal yzing for inorganic
phosphorus 15 contained in an organic material of the
present invention can be apqgled to (used for), for
exanple, quality control he production and shi ppi ng
of a product including a resin conposition containing
i norgani ¢ phosphorus, such as a flane-retardant
insulated wire; a soluti @LAIMSWich a resin that may
cont ai n i norgani.c phosphorus is dissolved; a nononer

It hefy mgpd o ARaly#ing FsipeIEATC phesoherys gentaiped bt ancorganig aptesial,
sugﬁ.as a 20 phosphate ester, and an

the&E@&EﬁQH&E”Pﬁ%B%&FPS i n purchasing such a product 12
CLAyMNbyAing ésﬂﬁ%l@%@n@ﬁse@@aﬁ@r@ﬁné Iﬂﬁtehﬁlotb%ﬁﬁfycthe sample

phosphorus contained in an organic material
netshpetatogthe pgiohgyet sempleap sracionsbyrgas y}znorrgttogramypmei
coggosed of. an or ic material to 8asif£tthe sanp g
5 SefaHng p iig cte%of%ﬁezﬂnye% Hms£aprEPongdingta dhe igprgapy phasphorus.
chromat ogr aphy; and detecting a fraction of a
retention time corresponding to the inorganic
Phasehedthisd offanallzihgtet metbadfc phasphozhs@niaied il @h @8ink material
phosphorus contained in an organic material according
accorgling tai(laim 1 wiksreiniihe step ef dgiecdihgdepastarmegd With s@assopeeitbmeter.
with a mass spectroneter. 10 3. The nethod of
anal yzing for inorgani c phosphorus contained in an
27 gaRIrkethEH & dnﬁlymn%%f’fn@fg%ﬁlctﬂlo%}ﬁirﬁ@ ébn?arine%i inWHSFEINRE material
the sanmple is a’resin, a solution in aresinis
accdidsptioedim dror , whereimethe sdiipld is esiapp scrlamcnrsmf\m}nch a resin is
anal yzi ng i norgani ¢ phosphorus contained in a sanple
disgobYRdo QeiMOoBPmehy organic material, the apparatus for
anal yzi ng conpri sing: gaS|f|cat|on means for pyrolyzing
a sanple; and a gas chromatograph including a colum
4 orAsparhid fog ahdigzipy inokgankcoiaphvres dontdineicihiacampigbngposed
detector of a gas eluted from the colum. 20 5. The
of aawsara@ mgteris thrnppratsgfor analyring mmgsmgnor ganl c

ha or uS cont ned jn. an ccor.diin
Fo SPEChGh ST o kg B ol Sh o IR SO Rero BB R Bl o
c01§1ﬁﬁ Goe s@ﬂ@‘aﬁ’ﬁg the pyrolyzed sample to fractions and a detector of a gas eluted from

the column.

5. The apparatus for analyzing for analyzing inorganic phosphorus contained in an

organic material according to Claim 4, wherein the detector of a gas is a mass spectrometer.



