MITSUBISHI MONSANTO CHEMICAL COMPANY

rrom Location + TOKYO << Messrs.
-, R. E. Keller-St. Louis
s . December 6, 1971 ¥. B. Papageorge "

E. P. Wheeler- "

GASCHROMATOGRAPITY ANALYTICAL €€ Fe‘*otr*-&- YWwreh
PROCEDURE_FOR AROCHLOR AT MMK

SURJECT 1

NEFLMENCE r

10 * Dr. R. 8. Tucker
St. Louis

During our recent stay in St. Louis Mr. Katayvamn nnd I
had discussicns with you on details of your research
subjects. Your comments given us were very informative
and useful to us.

Enclosed is a report prepared by Mr. Uragami, Yokkaichi
R & D, on details of MMK's gaschromatography analytical
procedure for Arochlor according to your request mande
at the time of our discussions.

We are also forwarding you, as requested, by air a sample
0of low chlorine content biphenyl test-produced at Yokkaichi
(temporarily called "Arochlor-2000) together with a sample
of Kaneka's KC-400 (tetrachlorobiphenyl) for your study

to find out whether or not tetrachlorodioxane or chloro-
dibenzofurane is contained in it.

Please review of the above-materials as well as our
analytical procedure and let us have your comments.

Best regards. .
AJSJ, //z/(;vse,uhcr—*
S. Uneno

Product Director
Divisgion C
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Date : November 29, 1971 cc: Messrs.
. *R. E. Keller-5t. Louis
Subject: ON ANALYTICAL METROD ~ 'W. B. Pnpageorge H

FOR_AROCLOR o E. P. Wheeler- "
To : Dr. R. S. Tucker*
St . LOU is

¥e hoar that when liessrs. Uneno and Katayama discussed with
you the components of Aroclor during their stay in the States,
you found some differences between MC and MMK in the identi-
fication of GLC peaks. Therefore I would like to explein to
you our method of determining component names of GLC peaks.

Messra. Arasaki snd Yamamoto were trained at ¥r. G. ¥. Miller's
Lab. in Aanigton four years agu. At that time, they received
a set of information as attached("Information 1"). And

Dr. R. H, Munch sent us & letter dascribing GLC anmlyticnl
mothod for Aroclor(attached information 2). It does not
appear that there is any inconsistency in these two methods.
So, we are using these two pileces of information as basic

data for identification oI our GLC peaks.

In our GLC diagram, however, we find peaks which do not appear
in Mr. Miller's and Dr. Munch'e diagrams. For iastnace, the
peaks 10, 14, 16 and 22 appear in our GLC diagram, but not in
MC’'s diagram. Attached "Iaformation 3" shows MMK peak numbers
that correspond respectively to MC peak numbers. I do not think
the difference is so important. Attached "Information 4" shows
the physical and electrical properties and chemical composition
of our test product named temporarily "Aroclor 2000 * .

SIGNZD

M. Uragami

* Eacl.
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When you were here last February, we agreed to furnigh detalls
of the gas chromatographic method we use for determining the
amounts of the verious individual isomers and homologs present
in Aroclor 1242, chlorotenzenes and chlorinated naphthalene
Our Analytical Group hes now completed the work of testing

the method on all these materials,

AMtached 1s & copy of the basic method for "has Chromatographic
Determination of the Distribution of Isomers in Aroclor 1“42,
Chlorinated Benzene, Chlorinated Naphthelene and tlixtures of
the Three," 1In addition, there are copies of pages frcm one
of our reports describing the procedure for preparing the

. gilicone gum rubber coated capillary ¢olumns used in the
analysis and an crticle entitled, "Application of CGn-Column
Injection to Open Tubular Columns: Instrument Modificatiorns
for On-Column Injection."

We are sending you separately a freshly prepared silicone gum
rubber capillary column of the type usecd in the methnd., Along
with 1t are four small samples of materials uwhich we hove
f analyzed by the method., These are trichlerobenzene, Helowax
1000, Aroclor 1242 and a mixture of all three of these.
Analyses of these samples are given in the method,

Aleng with the method we gre alsc sending an original record

; of the gas chrometogram of the trichlorobenzene, Halowax,

i Aroclor 1242 mixture run using the capillary column being sent
to you.

With the information and the column we are sending you along
with a suitable gas chromatograph, you should be able to
enalyze the samples we are sending and check your results

' agalingt those given in our method.
i ' ¥e trust that this will 111 all your needs for the analysis
) of mixtures of halogensted aromatic materials for use in
] electrical applications.
i Pleases note that thod should not be given to anyone
; utside Monsanto without CUT permissioii: —_—
f Q. [ T T
i R. H. Munch
i dp N
,l e T (e
Attachments

4
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. CAS CHROMATOGRAPHIC DETZAMINATION OF THE DISTRIRUITON OF ISOFRA Tit APG~" A~
1242, CHLORINA JTD BEHZENE, CHLORIIATED HAPHT:. .LENE A NIXTIRCS
OF THE THREE o . '

PURPOSE OF ANALYSIS

To detcrmine the isomer distribution in samples ol Aroclor 1242 ralorinzted
benzene and chlorinated nzphthalene, Mixtures of the three can also be
chromatographed, but scme of the peaks overlap one another,

CHROMATOGRAPHIC CONDITIONS
instrument:; F&M Model 5756B with Infotronics CRS-100U Integrator

. Type Detectbr: Flame Tonization

Columnn: 0.02" I.D., X 200' SE-52 Silicone Rubber Gum Stainless
Steel Capillary

Colurmn Tempersture: 225°C ' Flow Nates

Helium: 12,5 ml/min.
Auxiliary Helium: 37,5 ml/min.
Hydrogen: 40 ml/min.

Sample Volume Injected: 0.0S ul Air: 500 ml/min.
onto an “On Column” Insert )
{Ref. J. of GC, Aug. 1967, p.435)

COMMENTS: To achieve better resoluilon of components In chlorinated
benzenes and chlorinated naphthalenes, the column can be
operated at 175°C isothermally., This temperature (175°C)
isugoo low for Aroclor 1242 or mixtures contalning Aroclor
1242, . .

Detector Block Temperature: 350°C

Injection Port Temperature: 290°C

Integration of the ares under the peaks was carried out by
<o T 0 using an Infotreonics CRS-100V integrator. The settings

are below.
Pigital Filtering - 20 cts. Threshold Level - 100 nv.
- output - Auto., X1 Input Noise Rejection - &

Peak Rete - 10 sec/penk
Sloge Sensitivity - 2

Beaeline Tracking -
‘ ] 60 pv?min. P

200 uv/min. DOWN

RETENTION TIMES (UNCORRECTED) FOR COMPOUWDS SEPARATED (CHROMATOGRAMS
ATTACAED )

CALCULATION TECHHIQUE . >

Formalization with no calibration factors applies., Results reported in
area per cent. . -

8ee¢ Tadle I - attached.

ACCURACY . -
No fstimation of a curaci wes made, The veriability of a single GC
;g:sggts f{nthf 92. anrid:nce limits 13 usually +1.5 to 2% of the amount
] . slectronic integrator reduces th Tiat
factor of tho g e varianility by about a

) - . M. Mees  B8/68
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Application ~f On-Column Injeciion *~ Open Tubuler
Columns: Insirument Modification for -
On-Column Injection

by D. . Wiliis and R. M, Engelbrecht, Monsanto Company, 5t. Louis, Missouri

Abstract

A todilied injector insert for the F
and M Ked2] 019 gar chromeotozranh
le described permifling on-column in-
Jection inlo open-tubular cotumns, The
insart it umple to Mbeicale and res
quires e majer mediliciion in the
pneumalt syctam ol the intirument
A chiomatozram s given te illusirale
application of the insert to the snalysis
of wide Matilng fanpe hydrocardan mix-
tursh, -

The me of wide-diameler open
tubular colunns has  sdequately
demonstrated the ability of these
columns o handle gimples up to
20 pl. with high eflicicncy (1.6),
The lost in uscful resolution in go-
ing fromm 0.0%.inch to 0.02 or 003,
inc¢h {4 colurans is oftcn more than
off-sot by other practical considers.
tions: more rapid establishment of
flows, decrensced pressure drop, more
versalilily of eperation, and sppii-
calions with o'her than jonization
detectars.

A modified insert lor the F and
™M Modet 810 gas chromatograph
has bems built and tested with 0.02-
inch and 0.03-inch id. open tubular
wolumna With this injector insert
and smll.volume Hamilton syr-
inges it s possible to achieve direct
oncolumn applications of samples.
While deaipned specificnlly for tha
¥ and 31 810, the inscrt desizn
wuid madily be adapled to other

. Experimental
The Injector insert design I

"shoen in Figurs 1, A Linch length

of ¥i-inch od. tubing (or drilled.

out rod) is fitled snugly to one end
of 3 10inch length of Yi-inch od.
x 0.03-iach Ld tubing, The larze
and of the tube is tapered and pol-

.

- ished. The tube must be straicht and
ho Ppilting must occur at the line
joining tha Ye-inch and  4.inch
tubes. This insert js fitled in the
injection port with o Swagelok Y-
inch te Lp-inch reducing unian
which has been bored throush with
8 Vg-inch drill. A I-inch length of
Visinch tubing with two scts of fer.
rules seated back to back is used to
provide a gas-tight scal. Colomn
connection i3 with a Swagelok L4
inch to If16-inch reducing union.
In fitling Lbe inscrt in the injrction
port, allpwance must be made for
the linear expansion of the inxcrt
in order to prevent culting off the
carrier gas fiow by expanzion of the
inscrt against the septum.

L T T et

Coemdnrinm e L e

Figura L. Oa<olumn injactor [nsert.

The column used in the present
evaluation was & 200-foot x 0.03-
in¢h i.d. SE-52 column ceated {rom
3% solution in n-hexane. (Applica-
tiona with other colsmns will be re-
ported in futurs publicstions.)

Alter coating, the column was
conditioned overnighl st 300" C wilh
halium fRowing through the col-
wnna. The tubing used was Handy
and Harmon 31§ stainiess steel, 10-
32 microlinish, annealed to & bright
finish.

The instrument used wos the F
and M Model 850, with dual fame
ionization detectors and & 1 mv.
Honeywall Model 5 recorder with

- b e r———y ———  — —————

a—— .

1 second full-seale pon rr<pon,. Al
gases were [assed through audica el
scrubbers befure enlering (e .
sirument. The desd valinm 1 e
flame ionization delector was m.
anzed by tie wse wl a Uy inen 1o
Lrilincthy adapler wlich Pornigied
the column effluent th ba ted 15 (he
flame base. No chan;es were made
in thy preumalic system of thy in.
strument,

Discussion

Althaugh the larger-bure apen
tubular eolumin was used in the
present study, fow rule usel v
lower than narmally used foe Q.
inch id cotuians and was jn e
range to yivld mauimum eleoner
£2). It is felt that fow-rals and
temperature of operalion coaui] he
adjuated for use with 1hemal cone-
ductivity deleclors, of a2 mal .
gas could be addit] Al thy ealign
axil to reduce the eiffcclive volume
of the thermal conduciivily driec-
tor. -

Figure 2 is a chromalogram of a
wynthetic arematic  Loiting  point
mixture analyzed on the SE.32 ca.
piltary coiumn progranmmed from
60°C to 270'C at 10° per minule
and illustrates the applicalicn of
this column to the analysis of hish.
boiling components with capilliry
afficiency. The mirlure ontagnd
arocatics boiiing from EO°C (ben-
zene) tn 452°C {2.2-binaphiivt)
{see Table I3, The 1elention Liae
for 2.Tbinaphthy) 8 ca. 2! min.
utes: this can be redurcy fo 23 min-
ules by programming (rem 10070
to 270°C at 10°C per mirute with
virtually complste resolubon of 11l
olher components in the misture
This colunn gives hailing pomt ros-
olution and will not resnive com.
pounds boiling leas than 1.2° upuit.

L of G C—August, 1557 413
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Bl

e.f, »rylene and siyrene.
.+ The sample size used hoy been
0,05 ta 0.1 al inirction with +* “rer
a 05 or 10 W Hamilton sy, e
With this size snmple it w3 pos.
aible Lo use range 107 (100 mesahm
input resistor) at allenuations of
23 to x32 with improved sipral ta
noite ratio.
The insert and technique de-
scribed technically do not fulfil
. lhe requirements for “on~cr'umn”
Injection silnce the sampls is not
placed direstly on the o uted por-
tion of the column. From » prac.

¢

tical standpaint, Injection (s virtu.
aily on<column; the slizht tailing
ohserved with the Sromatic separs.
tion may be due to adserplicn in
the Jiner. Tha use of the insart de
sign with instrmiments having difs
ferent oven geometry shou'd per.
mit injection of the snmple on Lthe
cnated porlon of the columin.

The injcetion port temperalure
far +e chromalograin shown was
250°C. Analysie of &8 sample wilh
this wide 8 boiling point range
would have required a mach higher
temperature on ihie injeclion system

TR A T T
s g AT
i . J‘ i(". }. . :.J_.4_.,_#..'.._}.._,
TR A SPITER
TR T T
IR IEN NN R l;_

i 1 i ,
el 4 A 3
St g H b !
T A A ST

Figuwe & chm-tngum of Synihetic Aromatie Btend on SE-57 Columa

Cenditions:

Sample sire—D1 »

Tlmperltml—ﬁﬁ‘c to 210°C at
10 per minute

Hatium flow—é mF per minute

Hydrogen flow—30 ml per mwnute
Air fow—300 mi per miny‘e
Delector temperdture—323°C
Range - [0*  Attenusiuon — ut6

Tabie L Identification of Components in Aromalic Blend

Benzene

Taluene

Ethylbergene

m- 4 p-Xylene
o-Xylon

L Propyhenzene

m- + p-Ethyltoluens
o-Ethylisluene
1,24-Trimcthylbenzene
1,23 Trimethyibenzena
Indene . .
14 a-Butylbenrene

15 Decalin

18 Tetralin

17 Naphthalene

u“:sbnhhuun

18 1-Methylnaphthajene
19 Biphenyl

20 1+ 2:Ethyinaphthalens
21 1,8-Dimcthylnaplithalene
18-Dimethyinaphthaicne
Bibenzyl

4.4 -Dimethylbipheny|
Fluorene
1.Phenylnaphthalens
Anthtacene
Flugranthene

Pyrene

1.1-Binaphthyl
Chrysene

2.2 Binaphthyl

BReERaRBRRHN

1 Lot G Ctugisst, 17,

o insure representative sanipting
if a splitling device had been u=md,
U~ 1 the high tempetatnre on the
#pL.gr prevents sccurnte continl
ol oven lemperature ab the beoon.
nihy of a prozrammned temprrstiuee
analysis. A 3 rosull, reteulion
tsmes of coniponents will vary frem
run Lo run, prevenling component
identification by conparison of re-
Lention times.

The wse of the insert deseritbed
in this paper has severs! advaniag-a
over convenlional aplitting terh-
niques. More rajid e<tablishment of
naalytical condilions s porsible
since only the column flow must be
adjusied. Application to flow pro-
gramming shounld be possible as well
as use for trace analy<is. The larper
sample sizes permit rapid scan niass
spectromelric anslysis of [he col.
umn eflluent to be made with high
sensilivity to even niinor rompo-
nents No major imalruinent modifie
cations are required, permitling
rapid conversion from packed Lo
open lubular columns nx may bere.
quited by usc of tie oppropriate
reduting union withgut removal of
the insert.
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(/.;1;_ EXPERIMENTAL WORK AKD DISCUSSION {cont'd.)
//' . B. Auxiliary Infection Block for an F&M Hodel 1609 or
; i ., Fodel b0J Ges Chropatogragh {cont'd.] P

hEugncct: the therwuscouple to a pyrometer and the ,//
ca trid%c heater to a Varlac. Install a column using
the 1/4" Swagelok fitting on the rear of the auxiliary
block for tha inlet end of the column and the regular
outlet Sonnection lor the other end of the column.
Place the\(pgular column oven 1lid over the column
resting on top of the transite pipe. Turn on the
.°  varlac connected to the 75 watt cartridge heater and
.. heat the auxillary injection block by adjusting the
Variac settings Until the deslreq temperature is cbtained.
Then proceed to use the instrument as usual, except
pushing the syringe meedle through the center of the
auxiliary injection blqsk sepftum and into the center of
: the metal insert before“depressing the syringe plunger
%o injJect the sample,

. The metal insert can,be replaced as often a3 found

.. necessary with the/particular\sampllns veing analyzcd.,

- To replace the metidl insert, reiiove the injection nut

and scptum using a 9/16" deep gocliet. Insert a serew

driver through the opening and unscrew the metal inserst.

- .Using a plece of 1/16" stainless ste2l rod which has

" been bent over sharply and filed dowm to form a sharp

- hook on/;HE end, pull the metal inscrt Suf to a point

! where & pair of pliers can be used to completely rcooiove

- ‘the insert from the block., Put another metal inser:t

. with 'small glass wool plug at both ends into 'the cpening,
“-push 1% in and Screw 1% down with the screw dri(ii;

:° Replace the septum and injection nut.

--13111cone Cum Rubber quilléry;polumns

.. In the past, we were not able to make consistent capillary
columns coated with silicone gum ruober from Superlior -
- Tubing Company 316 stainless steel caplllary tubing
{1/16" 0.D. X 0.020" I.D.,}. However, three consecutive
successful columns were made in the apring of 13854 by
using 316 stainless gteel caplllary tubling purchased in
. two different orders from Handy & Harmon Tube Co., Inc.,
" P.O. Box 549, Norristown, Pennsylvania. In both orders,
. .the tubing was specified as 1/16" 0.D. X 0,020" I.D.,
© ground to a 15-20 micro finish and annealed to a bright
 finish., Tne price was 37 per 100' in 200’ quantitites.

.One 150! length and two 200' lengths of this tubing were
successfully coated with SE-52 as follows: Each lengih
of tubing was cleaned by passing through 1t threc 10 ml.
portions of methanol followed by one 10 ml, portion of
n-hexane followed by three 10 mi. portions of methanol
followed by one 10 ml, portion of n-hexans, Then 10 ml.
of & 3 w/v per cent solution of 52-52 in n-hexane was
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EXPERIMENTAL WORK AND DISCUSSION {cont'ds)

C. Silicone Gum Rubber Capiliary Columns {(cont'd.)

pushed through the tubing under 100 psig. nitropen
pressure followed by vne hour of flusiiing with
nitrogen at room temperature under the same pressure.
The column was then condit'oned overnight at 210°C.
under 10 psig. nitrogen pressure.

A1l three columns performed with excellent resolution
at about 230°C. for the analysls of Arocler chlorinated
biphenyl iscmers and HB-Y0 hydrogenated terphenyl
iscmer mixtures.

D. Pyrolysis-Gas Chromatography Technique

terials which would normally not exert sufficient ./
.vepor preasure [or an analysis by gas chromatography
ca be analyzed by attaching a pyrelysis unit directly

h{ injectlion block of a gas chromatograph. A qQuartz

tube flaah pyrelysis furnace, similar to the cne
described by Mrs. K. Ettre and Mr, P, F. Varadl in
Analytlcal Chemistry 35, 69-73 (January, 1553), has
been cons :gcted and successfully demonstrated- The
unit deoes ndt include a gas sampling valve as does the
unit describéd in the reference paper, thus eliminating
-& source of cold spots where high boillng pyrolyals
products could condense. Y

Since the samples are placed in a amall COORS porcelain
combusticn beat, both\liquid and solid samples can be
handled. Very amall sample sizes (about 2 mg) should
be used to reduce the pbssibility of secondary recombin-
ation of pyrelyals rragmeﬁ;i;

All of our work te date ha een quallitative rather than
--—quantitative. The technique 1; very reproducible quali-
tatively. If two pyrograms are placed on a light box
and lined up 8¢ the starting peints are overlaid, the
retention times correspond, the peak areas superimpodc,

and the peak heights vary with the 3ample aize.

An additiconal plus feature of the laboratory constructed
unit is that i1t will rit on the inlet of -any gas chromat-
ograph. The “unit 18 connected to the 1nJection block of
the gas c&romatograph by means of a 2" section of 20
gauge neog le stock which has a diagonal cut at each end.
Each e of the sectlion is like the end of a syringe
needl One end of the needle stock sectlon plerecs the
) regg} injection block septum and the other end plerces
‘s séptum attached to the outlet of the pyrolysis unit,
using a 1/4" to 1/4" Swagelok union. Tals methed of
cdonnecting to the chromatograph is similar to the one”
used on the Beroza carbon skeleton determinator. A
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