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SCOPE AND APPLICATION: Thia method describes the analytical
proceduras used to determine the amount of volatile organic
compounds trapped on Supeleco, Inc. Carkctrap air tubes uging a gas
chromatograph ion trap detecter.

This methed i intended to meet the Juality control requirenments
of USEPA Compendium of Methods for the Determination of Toxic
Organlec Compounds in Ambient Air, EPA-600 14-84-041, April 1984,
Method TOZ2.

SUMMARY OF METHOD: Carbotrap tubes are heated in order to
transfer the captured crganics ontec a fused silica capillary
column. An ion trap detector is used fcr analyte detection.
Analytes are confirmed by spectral i{deptificatien. See Table 1
for the list of compounds and reporting limita.

The Carbotrap 300 tube contains 3 types of absorbent material.

Flu sections from front to back are Carbotrap C graphitized carbon
black, carbotrap graphatized carbon black and Carbosiave §-III
molecular sleve. Thae back bed of Carbosieve S-III traps gases
such as vinyl chloride, the middle ted, carbotrap traps Cy~Cg
compounds, and the front bad, Carbotrap C traps the haavier
compounds. See Appendix A for published literature from Supelco,
Ine.

APPARATUS AND MATERIALS:
A. Instrumentatlion
1. varian 3400 Gas Chromatograph equipped with
split/splitless injector.
2. Finnigan ITS40 Ion Trap Detector
3. Bavirochem Model 851 Thermal Desorber
4. Tekmar LSC-2 Purge and Trap
B. Fused Silica Capillary Column
DB-624, 75 x 0.83, 3.0 unm £ilm thickness
c. Data System - The data system being used is tha Finnigan
IT540 software, vergion 2.00,

REAGENTS:

A. Solvents }
1. Methanol ~ purge and trap quality
2. Reagent Water - organic free watar
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B. Stock Standards
S$tandards for this method are purchased from Restek
Corporation and Chem Serv with th2 necessary data packagea or
standards are made from pure materials. The stock standards
for this method are the following:
a. Restek VOA Calibration Mix #4 - catalog No. 30009
2000 mg/l in methanol )
b. Restek VOA Qalibration Mix #5 - Catalog No. 30010
2000 mg/l in methanol
€. Agquatec 802 Mix (11199102) 500 mg.l in methanol
d. Aguatec GCMS VOA Calibration Mix #3 (06/18/91) 2000
mg/l in methanol
@. Aguatec Trichlorofluorcma-hane Standard (05079104)
5000 mg/l in methanol
g. Restek VOA Internal Mix Catalog No. 30011 2500 mg/l1
in methanol
c. Working Standards
a. 100 mg/l working standard
500 ul Restek Mix #4 20C0 mg/l
S00 ul Restek Mix #5 2000 mg/l
2000 ul €02 Mix 500 mg/l
- 500 ul GcMs Mix #3 2000 mg/l
200 ul Trichlorofluoromethane Standard 5000 mg/l
€300 ul methanol
b. 20 mg/l working etandazd
2000 ul 100 mg/l working ztandazd
8000 ul methanol
c. 5 mg/l working standard
2500 ul 20 mg/l working standard
7500 ml methanol
D. Standards for calibration are intrcduced to the analytical
system via the thermal descrbaer to replicate the flow pattern
of the sample analytes. A known amount of etandard is
injected conto the front bed of Carbotrap C and thermally
desorbed as the samples are performed.
5.0 INSTRUMENT SET-UP: The thermal descrber transfer line is directly

connected to the inlet of the purge and trap vessel. The helium
carrier gas containing the organic analytes is purged through 2 ml
of reagent water in order to scrub polar organics such as the
methanol, used for standards from tha sampla. The organics are
refocused on the LS5C-2 trap and thermally desorbed onto the GC
column.
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A. Thermal Deﬁorbe:
Desorn Temp. = 400°C

Desorb Time - 5 min.
Bake Temp. - 400°C
Bake Time -~ S min.

B. LSC=2 Purge & Trap - Two milliliters of reajent water is
transferrsd in the § ml purge vessel.
Purge Time -~ 7.0
Day Purge Tima =~ 2.0

Predegorb Temp. = 40°
Desorh Tsemp. - 1809
Desorb Time -~ 2.0
Baks Temp. ~ 220
Bake Time - 7.0

- The trap used consiats of 2/3 Tenax, 1/3 carbosieve S~II.
- The purge and trap transfer line is directly connected to
the capillary column,
€. Varian 3400 Gas Chromatograph
Initial Temp. = 40°C

Initial Time =~ 4 min.
Ramp Rate ~ 10°/min.
Final Temp. =~ 200°C
Final Time = 1 min.

CARTRIDGE PREPARATION: Cartridges are prepared by purging ultra
high purity helium at a flow of 50ml/mm through @ach tuba
thermally heated to 400°C for 10 minutes. After 10 minutes, the
tube ig coolad to room temparature while gtill connected to the
helium gas. The tube is removed and stored in a Teflon lined
screw glass tuke. The cartridges must be used within 2 weeka of
being baked.

Prior to field sampling 5% of the tubes must be analyzed for blank
contamination., The batches of tubes are acceptable if thare are
no analytes of interest greater than 10ng.

INITIAL CALIBRATION:

A. Before analysis may begin, the ion trap detactor must ba
toned using bromoflucrobenzena (BFE). BFB is used instead of
FC-43 in order to tune the detector the same as in the USEPA
Maethods 624 and 524, which are purge and trap metheds for
volatile organic compounds.
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Bromofluorobdenzene (BFB) must meet the following
specifications:

Masg fon Abundance Criteria

50 8.0 - 40.0 percent of mass 95

75 30.0 - 66.0 percent of mass 95

95 bage peak, 100 percent of mass 95

96 $.0 - 9.0 percent of mass 95 (8ee note)
173 legs than 2.0 percent of mass 174

174 50.0 = 120.0 percent of mags 95

175 4.0 = 9.0 percent of mass 174

176 93.0 - 101.0 percent ¢f mags 174

177 5.0 = 9.0 percent of mass 176

Note: All {on abundances must be normalized to m/z 95, the
nominal base peak, even though the ion abundance of
m/z 174 may be up to 120 parzent that of m/z 95,

A 5 point curve containing all analytes of interest must be
analyzed at the following amounts: 10, 20, 50, 200, and 500
ng. Using a gquadratic¢ egquation, the corrglation coefficient
of e@ach compound uged for quantitation must be greater than
0.990,
The asymmetry factor sheculd be between 0.8 and 2.0 for the
following analytes:

1. benzene

2. methylene chlorids

3. tetrachlorocethene
A Quality Control Check Standard at 30 ng should be analyzed
after the 5 point calibration. GSee Table 1 for acceptable
recovery limite. The quality control standard is prepared
the same as the standards are prepared,
Instrument Blank -~ Before analysis of samplaeas ghould start,
an acceptable lnstrument blank must be acquired. An
acceptable method blank containsa all nnalyte at less than one
half the reportxng limit.
The initial calibration sequence is as follows:

1. VIBLR##
2. 10 ng
3. 20 ng
4. 50 ng
5. 200 ng
&. 500 ng
7. QCS##
8. VIBLR#

8.0 CONTINUING CALIBRATION

A.

The mid-leval standard must be analyzed within 12 hours of
the previcus standard. The response factor must be # 20% of

the initlial mid-level standard to continue analysis.
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The first 12 hour time period aftar the calibration curve

starts at the injection of the 500 ng standard. For the

following analytical windows the start time ¢f the 12 hour

window L8 at the injection of the instrument blank prior to

the 830ng check standacrd.

Instrument Blanks - Inatrument blanks must be analyzed every

10 samplsa. Instrument blank muat not have any analytes

above one half the reporting limit. If an instrument blank

fails previous analysis must be reviewed for possible

centaminat.ion.

The continuing analysis ls as follsws:

6. 500 ng ~ start time of first analytical 12 hour

window (Note: This is the 500ug standard
at the end of the calibraticn)

7. QCS##

8. VIBLK#
9-18 samples
19 VIBLK##

20-~29 samples

30 VIBLK## =~ start of second analytical 12 hour window

31 50ng Check Standard - must be analyzed before first
12 hour window ends.

9.0 SAMPLE ANALYSIS: Before samples, blarks and standards are
analyzed they are fortified with surrogate and internal standard

compounds.
Internal Standard Spike Amount
1,4-difluorchenzene 100 ng
Chlorubenzene-dg 100 ng
Sromochloromethane 100 ng
Surrogate Spike Amount
1,2-dichlorcethane~dy 200 ng
Toluene=-dg 200 ng
Bromofluorobenzene _ 200 ng

Tha internal standard recovery should ke within 50 to 150% of the
average area counts from the five point calibratlion.

The surrogate standard recovery should be 75-125% of the true
valuae.

Matrix/Matrix Duplicate Analyais - In genaral samples for matrix
and matrix spike analysis will be spike data 100 ng. The recovery
limits are 75-125% of the true value. The reproducibility of the
rasults should be + 25%.

10.0 IDENTIFICATION: Identification of analytes is performed by
comparing retention times of the standards with the samples.
Analytes are confirmed by spectral identification.

i

\
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11.0 QUANTITATION: Sample results will be reported in ng/tube or ppb
v/v dapending on information receiveZ with the tubes. The
calculation for reporting the result in ppb(v/v) is:

Ng_ g .1 ug .1 umole , _24.45 ul(g) at 1 atm, 25C
tube 1000 ng m.w. 1 umola _
= ppb(v/v)
L ampled at tm, 25C_ x __m3

L ]

tube 1000 L(g)
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Table 1 Target Comround List

Reporting _

Limit i QCs
compourd ng/tubae ecove i s &
Chloromethane 10 60-141
Bromomethane 10 59-142
Vinyl chleoride i0 69-132
Chloroethane 10 77-123
Methylene chloride 10 . 78-123
Trichlerofluorcomethane 10 67-134
1,1-Dichlorcethene 10 63-137
1,1-Dichlorocethane 10 84-116
trans-1,2-Dichloroethene 10 64-136
cig=-1,2~Dichlorcethene 10 60=~120
1,2-Dichlorcetrans 10 72-129
1,1,1-Trichlorcethane 10 71-129
Carbon tetrachloride 10 69-132
Bromodichloromethane 10 76-124
1,2-Dichloropropane 10 74=-126
eis-1,3-Dichloropropene 10 64-136
Trichloroethene 10 77-123
Dibromochloromehtane 10 66-135
1,1,2-Trichlorcethane 10 79-122
Benzene 10 77=123
trans-l, 3-Dichloropropene 10 64-136
Bromoform 10 74-127
1,1,2,2-tetrachloroethane 10 49-151
Tetrachloroethene 10 70=-130
Toluene 10 78-123
Chlorobenzene 10 80+~120
Ethylbenzane 10 63-137
Styrene 10 60-120
1,2-Dichlorobenzene 10 68-132
1,3~-Dichlorobenzene 10 72-128
1,4-Dichloxrobenzane 10 70-130

Total Xylenes : 10 60-120

Not@: QCS limits are derived from USEPA methods 601/602

92902D02JUL92
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Varian Finnigan Data
3400 GC Ion Trap Acquisition
(ITS40)

Thermal Tekmarx

Desorber LSC-2
Purge & Trap

FPigqurg 1. GC/MS Analysis System. The sample tube is thermally baked at 400°C. The organic compounds are transferred

-

- et

using helium carrier gas and refocused on the Tekmar LSC-2 absorbent trap. Thie trap ie then heated and the

organic compounds are transferred to the gas chromatagraphic column and detected by the Ion Trap.
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Caroolrap high purity, graghiized carben black can aa-
s0rb, then relezse a wide range of airborrz grganic con-
taminarts., A Class I adscroent (1), it has ra surface ions
or active {functional) greups. The entire surface is avaiiable
for interactions that deperd snigly on dispersion {Lendon)
farces (2). In contrast, two ciher widely usad adscrkents,
Tenax® GC and Amterite? XAD-2 resins, have localized
surface charges or specific adscrpent/adsarbate interac-
bens. Furlhermore, Carbotrap adsortent is more
rycropholic i nature than aither cf the resirs. Thus, (s per-
formance is unalfectec by humicity, Carberag adsorbent
is Iree of contaminants and is nct suscapiible 1o solvent
gegragaton.

Wa evaluated Carbotrap adscroent for 2 -borne organic
compounds, using procedures that paralls’ work descri.
ed by the US Envircnmental Pratection Aganrcy (3). We ia-
troduced a known challenge concenlraticn of adsorbate
ontc a Carboirap tad. then passed air through the ted.
The spocific retention ar breaxthreugh veiume (Vig) of air
necdec 10 giute the adscricate was determied. The larger
tnis value, the beter the adserbate was ratzined.

Carbotrap adsorbent traps and reieases a
wider ranga of airborne organic compounds
than Tenax GC or XAD-2 resins

Tao determing Carbctrap adscrbent’s furstional irapping
range ({he range of moiacuiar sizes that can Be lrappad suc-
cessfully, then desorbed), we used 38 ccmpounds rang-
ing from C2 to C14 straight chain and ring sompounds. To
characterize the nonspecific surface propeties of Carbotrap
adsorbent, acsorhatas with civerse furctional groups were
chosen. We estaniished the lowar end of the functional
range by setting 1.0 liter as the lowest acceptable break-
through velume. The upper end of the rarge was determin-
ed by evalualing the Carbotrap adscricent’s ability to release
large moitcules (e.g.. PAHs cr pesticices; through thermal
desorption. A 2.0 minute migration. tme and 350°C
termnperature were considered the maximum al'owaktle con-
ditions for proger thermal desorption,

Carbotrap adsorbent's functicnal rarge for the com-
pounds stucied is indicated in Tabla 1. Extramely large sam-
pla volumes can be used with adsorbatas larger than n-
decane and n-butylbenzene. .

As a comparisen, the lower end ¢f the functional range
for Amberlii@ XAD-2 resin is similar to that for Carbotrap ad-

€ 192G Sugaco, Inc.
ALL RICHTS NCSaRVED

‘. , A RQHM AND HaAAG COMPANY

Carbotrap® — an Excellent
Adsorbent for Sampling
Many Airborne Contaminants

GC Bulletin 8468

sorbent. 2.t th2 upper limit is restricted by Amperiite XAD-2
resin's livitac apiily ¢ withstand cerjain sowvents and
temperatL-es sbcve 150°C. The lower limit jor Tenax GC
appears 12 e 8 linear C8 tackbone or equiva'ent struc-

Tacle 1 — Breakthreugh Volumes
fer 3rganic Adsorbales on Carbotrap Adsorbant
Adzorba 2 Vig 20°C (miiq) Correi. Cosf.*
Sihara 1.75 x 1Q0 1.00C00
n-Prooa-a 5.49 x 100 39642
A-3ular: 4,06 x 10? 0.69475
gihano 493 x (2 0.89219
Acels o 7.46 x 1C2 (3¢ed0
Prepion 5 zo.2 1.66 x 103 ¢.98410
1,2-0ich no&:ans 1.94 x 109 0.52848
2-3Lan~na 376 x 133 0.95611
a-Femare §.89 x 103 0.59894
2.NMaly,.-2-propanct 6.52 x 103 0.58859
Barzans 1,17 x 104 0.99302
1.1.2-Tr S~ o cathylene 1.27 x 104 0.20839
n-8utar 1.82 x 1Q¢ 0.25843
1,1.2-7 =riz-zelnara 2.47 % 104 0.99988
nHexa-a 7.99 x 10+ 0.83371
a-fenz~ee 2%e 4231 x 108 0.97180
Fhenal 6.16 x 108 C.39341
Toluer= 6.2Q x 109 0.98372
Chicrebaniare 1.98 x 109 0.969939
Cyclohaxers: e 204 x 106 0 99581
n-Butyismine 2.08 x 10¢ 0.99333
4-Hegtanorz 2.44 x 108 Q.29991
1.4-Diclorecanzene 1.34 x 107 0.99925
nCc's-a 1.81 x 187 0.99959
thylbcazere 2.03 x 107 0.99988
" pCrasal 2.06 x 107 0.99548
Berzylaming 223 x W07 0.93980
p-Ay'e-e 4.27 x 1C? 0.99963
Acefogrencre 8,40 x 1C7 osggery
ooy 2] 70K 270.99999 7
2 : '3'99'971 o
S ) . 0.39837 %%
%] AR 10.99989 .,
7 L X - _".‘.0-.999.8.9.i A
. "7 77T 099903
n-0¢tyibanzane 1.31 x 1014 0.99988
n-Teirz¢aczne 8,32 x 100 0.96308

Vi, vai, 2331 ~5h Doting adsorses must e daierminge at ievaicd lamparatures.
thell setcuislos Tor 20°C (by Tnedr ragession) Ior comparson. These lemp
eratue/t-es<urugh volume corrailion cogiticiema show regressicn plols used a
this invecuoalion were linear,

D Fur=tanut tange 'or Carbotrap acsorbery

@ Lar38 SoMpounds (Ral sl ko desoreed At hugrar 16meeralured,
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Figure A — The Entire Surface of Carbotrap

Adsorbent is Available for Adsorber/Adsorbate

Interactions

A1 — Surface Model for Carootrap
Adsorbent (Surface Area =2 100m?/g).
Charges arg uniformly cistnbuted
around (he cartan alom caniers,

\/\‘-. -
7 /

/ /
7 N

A2 — Surface Modc! for Tenax GC Resin
(Surface Arga 3= 23.5m?/g), Surlace

i$ nenuniform in ¢harga — charge

is localized 1o oxygen atoms.

nunits

A3 = Surface Model for Amperiile
XAD-2 Resin (Surface Area =t 384mz/g).
Surface is nonunifcem in charge and i3
lgss polar than Tenax GC,

‘CH:‘CH‘CH,'CH ‘CH"CH‘
-CHy - CH- CH,-CH - CH, - CH
7 -
| l
XN N

Figurc At sfapted from (4), Figu:ea A2 and A3 from (3),

OH

®

ture (e g., “utanoic acid: C-C-C-C-Q-C). For Tenax GC, as
for Amcarie XAC-2, desorption of l2rgar molecules (and
ol centan mS'ecules within the funchiora range) is restricted
by sci.ent and lemperature edacts.

We usac adscroates recresenting gight classes of com.
DOUNCS 5 zompare ihe adsorptive prepertiss of the Carbo-
trag, T2nex GC. and Amberiite XAD-2 aZecrients. Carbo-
trap aczorsant shews greater adsarb ag cagacily fer linear
and ¢.¢ic molecues (Tabie 2). This resuils frem its unique
surfacz2 arzz preperties (area: 100mé/g, density: 0.38g/ml)
and csicezlized suzce charge, a comzinztion that garmits
greasr ‘nicracton between the adsorbent surfacs and the

" adsorozte. Tenax GC adsorbent's greaer adserbing power

for meoentznciC acid is due to Icealized surface charges
specitc fo; imteractions with ac'd greucs (Figure A),

Frem thz breakchreugh veiurmas, Vg, two cther values can
be cacuzled 19 characierize lhe agdsarbent/adsorbate
relaticash:p. The adsorption coefficent, Ka. describes the
districuiicr of the adsorpate betveen the gas and solid
phases, re ating the retention voiume to the acscrbent sur-
face area. The equirbrium sorplion cagacity, Qg. descrites
the ausorkent’s capacily for the adsorbate. Large values
of Kg a1 Qg indicate goed retentien characteristics. The
large g values for Carbotrap adscrent in Tatie 2 reflect
the azidily <f the ertre sur'ace 10 partic.cate in the intaraction
(Figu-a A). Vlg vaiues can also be used to precict the reia-
tionsip Catween the adsorbent and untested adsorbetes
in the sama chemical class as a tested adsoroate,

You ¢an ccmpletely recover adsorbed
cempounds from Carbotrap adsorbent by
either solvent or thermal desorpticn

Acscriates were recovered from Carcetrap adsorbent
tubes by 00ih seivent ard thermal descrption techniguas.
Qur oravious stud.es showed 1-butanol, 2-butanone, and
2-ethoxyeihylacetate wera difficult 'o desord frem some ag-
sorbernts. The eleciran-r'ch oxygen atoms i1 ‘*Yeze molecules
form zavalent bends with melal and sait ‘mpurities on an
adsc:E2r's surfaca. These adsortales, than, are a stringent
test of auscroent surface purity. The acltive groups on
cnlorstenzens (haiogen), n-pentancic acid {carcoxyl), and
benzyiam.ne (amino) simiiarly reveal specific, logalized
charges on an adsorbent surface. Adscrbate volumes in
Tao'= 3 represen; the quantity of adsorbate in 5.0 lilers ot
air 2. 0.5 times the Cccupational Safety and Health Ad-
ministration’s threshold imi value (TLVE). Whe~ a TLY was
not avaiizhle, 1.0u4! was used. _

Fer acuvatad charcoal, €0% racovery of 1-bulancl and
2-etaxyethylacetate is typically cited as an acceptable
valus. Fer Carbetrap adsorcent, recovery of these and other
compcunds is virtually complete by both methods of
descrption (Tavle ). This is due to the high purity of the
sorkert and the ronspecific nature of its graphitized surface.

Two dasorbing solvents were used in this evaluation
(Tak:e 3). Carbon disullide was chosen because it is com-
moniy usad as a desorbing solvent lor charceal. Also, its
high neat of acsorplion allows it to readily displace adsorbed
compeurds. Carbon disulfide cannot be usad with
polymaric adscroents, such as Tenax GC and Amberiite
XAC-2, tacause it degrades them. Thus, you are ferced to
use dter solven's that may not remave the adsorbates ef-
fectively. The other salvent, acetonitrile, is often usaed in li-
quia chromatcgraphic analyses.
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Table 2 — Breakthrough Volumes (Vf%). Adsarption Coefticients {Ka). and Equilibrium
Sorption Capagity (Qq) Values for Carbotrag, Tanax G, ard Amberlite XAD-2 Adsorbents
Vip 20°CH , Ko Ggq
Adsorbale Carbolrap Tsnax GC XAC- Carbelrap  Tanax GC XAC-2 Carzotrap Tenax GC XAC-2
a.Oezcane 479 x 109 156 x107 3353x107 | 2.60 361 =107 340x:9% | 280 9142 13% 2.12x1Q"
Bsnzyaming 223 x 107 357 x 10 183 x 1¢? 121 x 107 823 <107 242x:C7 | 921 x107 157 x1C° 7123 x 107
Chieroberzene 1.88 x 104 1.81 x 105 4,34 x 108 8.35 x 1C* 349 :10° T20x10% | 733 x1C? B.35x10° 2.2¢ x 107
oXyiene 424 x 107 353 x 10 7.35x 1¢¢ 230 x 10* 339 ¢ 30! 1.18x10? 1.82 x 10" 1.66 x 163 3.40x10?
p-C*esct 206 x 107 150 x 107 438 x 108 | 1.11 x 10° 345 <107 7.33x10° { 9.14x 102 270 x!C? 2.21x 107
n-Paranoc acia 431 x10% 9.78 x 1C! 1.0% x 1C5 234 210 226 <107 1.51x 103 | 1.78x10° 399x10° 4.31x10*
Cyclchaxarone 204 x 138 106x10% 627« 108 | 1.10x 10° 245107 545x10f | 2.19x 107 4282107 1.47x 10?9
2.Mchyl-2-cropatsll 6.52 x 103 656 x 107 5,42 x 102 353 x1C% 1,58 <10 S.08x 0" | 199 x1CY 209 x10% 155108

WFor the thrao adserbants, carrelalon coaflicicnls 'c- traaklhrough volume and Lemperature ranged {rem 0.87190 o 1.00000,

Table 3 — Desorgtion Efficiency ‘cr Carbotrap Cartotrap 100 Thermal Desorption Tubes
Adsorbent by Scivent and Thermal Desorption : ) )
Desorpticn Efficiancy (9%} - .
Scivent Desorption

: Carbon | Thermal
Adsorbale Volume | Acetonitrile  C'sulfids | Desorption
Toiugne 2.2ul 102 - 111
2-Bulanone 1.dul 108 102 105 . LT
1.8ura0l 0.3ul 1$8 102 118 z e
2-Ehoxyelrylacotals  1.4ul 104 102 tels : . o
aDecang T.é’u' 100 - 111 )
Chiorotanzens 18 93 - 13 i staine ‘dad with Ly
Pemancic acd 12 e 103 111 i Storace container Includad with tube - .,
Ranzylamine 1.0u! 108 - 109

grmal desarption has now gained acceotance because
of more demanding regulations from tre US Envirernmen-
tal Protaction Agency, the National Institute for Occupational
Safety and Health, anc other agencies. When reccvered
by scivent desorgtion & trappad adsorbste is diluted. In con-
lrast, when a sditadle adsorbent is heated, » adsorbates
are reieased effectively and undiluted. Thus, with tharmal
deserption, you can manilor small ame:.:nts ¢f airborns con-
taminants that weu.d ctherwise be urdetectatia.

Tenax GC rasin relaases to'uene, benzane, angd trichloro-
elhyiene resicues curing thermal dese-ption. Residuss are
evoived from Amoarlite XAD-2 resin z: 150°C. At 250°C
the resin will comp'elely pyrolyze. This, Amcerlite XAD-2
ig poorly suited lo thermal desorption, and Tenax GC must
be carziully condiliored to prevent artifzct formation. Carbo-
trap adsorbent, in contrast, is statle at temperatures of
400°C or higher.

Although Carbotrap adsorbent once came with wite par-
ticie size distribution, we now offer the unform sized, large
particla material (20/4C mesh). This further reduces back
pressure.

Carbotrap adsorbent is availaple in 7mm OD x 5mm 1D
x 10cm long ORBO™.100 solven! dasorption tubas
(350mg/175mg bed weights), or in tubes for thrae widely

used thermal desorption units. it also comes in bulk, Of

course, we can prepare custom Carbotrap tubes to your
specifications. For information about thermal desorption, or
detai's on custom Carbotrap tubes, cal our Technical Serve
ice Depariment.

wStrang pe'ar and/or ioN'c groLPS On an adsordent v.face ¢an cause disassceia.
tion of an adsorbata, or of the adsorbent's surface bonds, lerming artifacts.

Tharmal
Cesorption
Urit Tube Specifications Cat. Na.
Supe'co glass, 6mm Q0 x°
4mm ID x 11.Scm iong 2-0238
Termar® stainless steel,
114" QD x 7" long 2-0241
5/8" OD x 7” long 2-0239
CCS stainless steel,
1/4” OO x 3" long 2-0240
OREQ-1C0 Soivent Desorption Tubes 2-0255
(pack of 25) )
Cartotrap adsorbent (20/40 mesh), 5g 2-0287

Bor cascripiions of additicnsl Carbolrap (harmal deso-picn (ubes and the
Supeizo™ Tharmal Ocsorption Unit, plaasa rafer to our catalog.

Relersnzes

. Kizgizw, AV, and Y. Yaahin Gas Agsoratan Chromalegransy, Plen,m Aruss.
New Y¢k, 97, 11-23 (1588)

2 A1(;: a-:&‘ ., Prysical Chomxry (2nd S0 ). W.A. Freeman & Cz | 3an Pranc.aco

23%). .

3. Crameizizaior of Sortert fegns “or Use i Airserre Enviranmramial Sarpi'ng,
US £2A Decumert No 800/7-75-084 (1978).

4. Wzug, Keanan, and By, Fudomaenialg of Celage Charusiry (2na Be ), Karper
ar3 Aow [1968),

Rofersncae Aol dvailab @ ‘rem Supeico.
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Supelce™ Thermal Desorption Unit

If your analyses involva. ..
» Industrial Hygiene
* Ambient Air Mcnitoring
» [ndoor Air Follution
¢ Sampling Hazardous Waste Sites
» Water Pollution Samples
¢ Alcoholic Beverages
¢ Petroleum
¢ Plastics
... tha Supelco Thermal Cesorpticn Unit cffers ycu the
most value at the lowest price.

Accurate, ballistic heating — Samples are delivered rapidly
tc the analyticai column for sharp, symmeirical peaxs.
Coalccwn time is <2 minutes via a hign speaed fan,

Temceralures alta:ned:

3C°C -+ 400 £4°Cin 26 =2 secsnds
20°C —» 300 £1°Cin 2Q £ 2 seconds
30°C -» 28C £1°Cin 16 +2 seconds
20°C —» 100 £1°Cin 12 2 secaonds

Termparaturg Rrogramming cacackily — Program at variable
rates ‘or thermal fraclionation of coniaminants, resicue/pyrolys's
analyscs of polymers, ¢

Exclusive samplzs saving device - A saiter and a secencary
adsorbent trap saves y¢u 0 to 5% cf the sampie for a second
anaiysis. The spiitier incorporates a sh.t-off valve and a fire
melering valve,

Accepls reusable Carbolrap thermal cesorotion tudes — For
long lerm econamy.

Secendary lrap/water removal port — Acce'erate waler
migraton through the adsorbent bed Ly apglving minimel heat
to the adsorbent tube. This protects tre anaytical column from
water damage, whilg highar toiling compounas remsin on the
adsorgant. Or place a secendary tra2 in the port, to coilect
materials from the primazy ¢hambar during balistic or
temigerature programmed desarption.

Heated nickel lransier line —. Praven's sampis adsorplion
or cordensation during ‘ransfer 10 a glass or metal packed col-
urnA, narrow bora (0.25 - 0.32mm iDY ¢apillary sclumn, or wide
bore (0.5+ mm I10) cagillary column. Each transfer line is
custom precared for the GC system it wi'! b2 used with. (Fused
sil.ca transfer ling available upon requ2st.)

Elecironics interface with the GC — You can automatically
§'271 tne analylical and inlegrating sysiams.

b

2-2895 Supeico Thermat Desorption Unit {110 VAC)

FOr CLorart -0340 prizas, 804 & £OME 000 axp anation of Supe'co & imtad wan
nly, pizazs Sce ¢Jr Mest oeenl £3:3°09

Trademarks
Arsboilie = RShm 21, Has e,
Cartawrap — Supsles ‘re.
REJ — 3,520 Ine
Supuice = Supass, e
Tokm 3 = Te<mar Co
Tenk: ~ E-#3 Razaarzh 23ion.3. Acmhiim
TLVY — Ciapavanal Ssfety ant =23k Adm 1307a0'an
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EfflClentIy Monitor Toxic Airborne Compounds

by Thermal Desorptlon

Desc:ibed in thre Compendium of
Methods for the Determination of Toxic
Organic Compouncs in Ambignt Air ars
US Envircomrenta!l Protecticn Agancy
methods for mcrilsring volaule and
semivolad!a orgame comgounds in air
sarples (1). Eacn of the first three
methods cai's for a different sampiin
tecnnigue, folowed by therma dEaO.’"
ton to a capihary GC column lor
analys:s.

In Method TQ-1, ccmpeunds ar'~
tragped ¢n a porous polymer adsord-
ant, transicrred 10 2 cold trap, and
descred 10 ihe cclumn. In Method
TC-2, they are tragped on a carben
molecuiar sieve adsorben:, transierreg
to a ccld trap. and descrbed ic the ¢gl-
umn. In Mehod TC-3. they are rapped
on a co'd irap and desorbed 1o the
goumn.

To perforn all three methods yeu
need wo diigrent adsorbent traps —
plus a ccld trap — to otiain your
samg'es. Evenif you folicw on'y cne !
these me'nods, you need 2 highly effi-
cient Sys\em for apping desorting,
and analyzing your samp'es.

We recommend a reuseble Car
botrap™ 3CO thermal desorption tub‘-
a Supeico™ Thermal Desorgtion Unit,
and eilner a SUPELCOWAX™ 10
cap.l'ary coiumn or a Carbopack™
packeg cc'umn. This system ensures
high all: c:e-\cy for trappmg transferring,

nd analyzing sampias for each of tr2
above mentioned metheds,

This tnree compenent system en-
sures excel'ant analyscs for TO-1, TO-2,
or TO-3 toxic compounds. A Carbotrap
300 multi-ted tube (Figure A) efficient-
ly adsorbs and releases aif compounds
listed in ‘hese methods — even whan
they are presant in complex mixtures
The back sed, Carbasieve® Sl car-
bon moiecular sieve, traps vinyl chioride
and cther light compounds. The midcle
bed (Carboirap graphitized carton

€198 Suoukce Ing.
ALL R/GHT3 AESSRVED

GC Bulletin 849A

black) raps the C5-C8 comreunds. The
front bed (Cartotrap C grashilizad car-
pon black) trass the heavies carn-
pounds (Tanie 1) Qesorution fer al
compcunds ‘s nearly 10073 (Tzekle 2}

Qur Supelse Trermal Cesorption Unit
(Figere B) efficiently ang rapidly
transiers the adsorbad compounds

- fram the Carlbolran 300 tube o the GC

coumn. The uni cesorbs the com-

Figure A — Carbelrap 330 Tuces Trap 2

Carbotrap €
grepiitized
- 2ar3or Black
{traps
hegviest
somzounds)

wida Range of Aicterna Compounds

Cacbotrap

graphitizod Cartosisva™ §-111
carbon black molecuiar sieve
ltraps C5.C8 (rzps light
compounds) compounds)

Sampiing

Oirection

»

Tabla 1 — Breakthrough Vclumas (in Liters) for US EPA TO-1 Hydrocarbons
on a Cartotrap 300 Thermal Desorptien Tube

Hydrocarbon Ca-zosieve™ 3-lit Carbotrap Carbotrep €
Vinyl Chigride 158
Chierslorm 190
1,2-Richloroeinane 04
1.1,1:Trichlorcethane 278
Carbun ‘eirachioride 47
1.2-Dighlorogropane 88
Trichioroethylans 25
Bremoform 1.7
Tetrachicroathylens 22
Chioratcniera 318
n-Heptarie 261
1-Heplens 264 %
Benzere 23
Tolucne 130
Ethylbenzene 12.9
p-Xyleae 12
m-Xylens 11082
o-Xylane . noe
Cumens 278"%

BT heorstical valus, calulated fram prediclive model astabished for sampling volumas.
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pouncs talisucally, rasing (he (ude
temparature from 35°C 10 33C °Cin18
seconds. Al valves and woing in the
unit are inet. The transfer iine Cetween
ine tude and c¢olumn s healsd,
glim.nating cod spots where anaiyles
could condense. As a rasuit, sampies
are sharpyy focused at the co'umn inler
and the compounds c2n te eificiently
scparaled. Peais ard symmeirical, en-
suring accurate gualitative and quan-
titative aralyses without a coid irap.

To caibraie the thermal descrplicn
unit or eva'uaie cescrption gif'c ency of
the adsorber: luke, you caninjcct con-
trol sarrcles inlo the unit's irjection gon,
These are deliversd ¢cnto the GC cclh
umn through the same palhway that
descrhad samplas lehow, Furthermiorg,
you £a1 use Ihe unit with silher capitary
cr packed coivming. (This is irp3rtant,
because oln column iycoes are rees-
ed 0 perfarm 3 compeie arays's of the
TO-1 comngcunds.)

Cheoose 20.78nmm D SUPELCOWAXK
10 cagihiary column or one of two Car
bopank macksd celumns to effeclivaly
refocus he thermally cesorbec com
pouncs, Iken resolve them as sym-
melrical peaks. The wide bera capiliarn

Tab'a 2 = Toxi¢ Compounds Efficiently
_Desorbed frem Carbotrap 30C Tubes
4mm 10 Tube o GC Column

. Dasorption
2 Efficiency®
Adserbaie + Rel. Sid. Dev. kel
Beniena 100 #5385
aremg'erm 100 2.1
Carzen lelracr.¢rice 89 £3.5
Chicrgtanzene 100 £0.7
Chlorglerm 94 +5.2
3-Cricropropsre 100 £3.2
Cumene 89 +36
1,2-Dicrlerceihan 102 41
1.1-Dicloresthylena 101 +0.8
Qiehlaorcmetirane o8 +1.0
g£:ny.sanzene 160 +3.0
n-Hepiane 99 4.2
1-Hepieng €9 147
Telraclucrcgthylens 83 +29
Toluere 89 #4.2
1,1,1-Trich:croalhare 100 +3.0
Trichioroetisyiena 101 £2.6
Viny! chicride 101 £25
o-Xylgne 93 £3.6
m-Xylerg - 100 +£3.8
prXyigng 59 =3.8
4mm 1D Tube to 2mm 1D Tube to Column
B Desorplion
e Efficiensy”
Adsordaie + Rei. Std. Dev, (%)
Acrylonitrie 100 +0.8
3-Chicreprogene 101 z2.%
1.1-Oichicroethyene 99 +1.7
Maihylene chiorige 101 215
Vinyl ehiorica g9 =15

*Mean for thraa evaluallsns.

solumn accents samples with a wide
range of componant cencentraicns(<1
‘a > 10,000ng on-cclumn). \t 2.3 be
used wilh the same injection, fiov. con-
trol, and detection equipmer: gs sack-
ed ¢olumns.® Of all the packings we

@

tested. Cartopass pacrngs provided
the best anz.veas ¢ ine TO-1, TC-2, and
T0.3 somsdunds The nign surface
area cithz Carbocatk gragntized car
mor Diack Cack ~0% ansures excelent

£ P EIN TN |
reiosusINg Saoel Y.

'%}

Carbotrap
300 Tube

Figure B — Compiete Systcﬁi fer Trapping and Analyzing 7O+, TC-2. and TO-3 Compounds

S.recs
Therml
Qescrnticn
it

Your Chromatograph

Y

.
ey

——p——

Columna 10 Lisa:

C.75mmC
SUPELCSYAXIC
Cap¥ary Calome

oR

Corlenack €3.1%
$2-1000 packed chumin

oRr

Carbonaca & i%

SP-1000 pachad SCiom™n
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If vowr sAMELes cortain 21 6Hne gigh-

TC-7 compRounds, Use 2
SUPS_CoWAX 10 woe borecap 'fa'y
P 5 Carcozack 0/0.1%4

- -~
SEM. 00T packed coumn (Sigure Q).

Twe oaes of nannzicg2ratid hydrs-
carccns (n-heptan anc 'ciusne, o
xyl@na and cumene) cleuie from the
packed wClumn. The cagidary column
resclves thszg compounds, Smiterly.

two psirs of ““’O"ﬂ’.-‘”‘ hydroca:oons
{carzen telrach'oriae ara 1, t4ane
crigrcginara, chwrziorm zmd tetra
chlgrceihyiane) ceegluie frem ins
cap’iiary column. But are rascived or
the 2aZ«CC CTiumn,

Enrer 2 5 7%mm 1D SUPELCCOWAL

10 csiurn ¢or a Caicagack 819
SP-iCT ,.4c'«'cc column provices ex-

~2'la~t 33750
A A lw\llnd

ahors ang sharp ceaxs fer
TS 2 compouncs (Fgura

ing the cacliary cowrmnr,
Yol ; ‘:an (N3 Srarpest vy,
chlgnge peak Sy Irapping the semp's
cn a srmm 10 Caroolras 300 tube,
transfersing 0 3 2mm I 1Log, ihen
cescrz.ng o o tha caglary cclurn
(Figure D) Tre Supeizo Trerral
Dcv~'~:.c.. Und mzkes this transier
gasy. Snrp'y putlhe 7rr‘m‘3'ucaintr'a
exci Ua.«e garng'e savar chamber and
quam' 3l VCIy trans ar tr'e samoele from
tha 4mm D tute (Tatle 2). With tre
gcacked coium

l"e viny! chionca pes!
wll ke sharp frr"r tre 41 T tuba ar
582

d
thig ransfer greccecure 1s unnecassary.

I ycu =g [odowing alitrree methecs
you can usg 2 Carbopack B/1%4
SF1080 cowmn o the TO-1 com-
councs. as well ag ‘or the 70-2 and
T’“ 3 compoenda Aralysis tmae [or tha
TSt comecunds will g a fille longer

cn a Caraopack Ci0. 1% =F 1CCO wei-

uimn, C.os the semples wil Se resaived
well,
We aiso cregate stancards o heiz

you pericrm Mese analys es. Toxi
Orgarics M'x TC-1A canmains 2mg of
gach compecund in the capillary
chrormatogrant n Figure Cinmetha '*::»'a
_Toxic Crgamcs Mix TO-18 conizir

2mg of eacrh of the olhear ¢¢ mprwnrls
in Figure C. plus allyi chlorice,

acrylonitr'e. bremobdenzere, 1,3-ai-
chicreprogare, ang ethylers adromice

—— —

——————

Figurg C — Ccmpleta Ar.al._.s of Thermally Descrbed TOH1 n,-:rc:arbons

Meth anor £ mer oot

P ML TE T BT IE Y]

Uss KCKQ. e serorts vee 54 :-_?f,'\"q ot are | 8 Rrigne
) ~
C&hmﬁ f"Qf o'umn tar '_'-,-ueuerlli \'
Chlarirates '\.ah?‘n;;-_r 2%:4 mn..],
hydrazirhars hqdracirben v | ‘
voob
|
1V eiNTeesgae ']
i1 Treraaceirane J - . i
1.2 Ce*-.'o-mr- w N |
Metana |
St ST B { P H
4 Senrere b '
! \-',-t:uﬂ
CMQIMT ‘} B t" - r Aebeina | “
| i pipptinge ! Loty ” l
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Z209.196 824140, &' x 1/8" 58, Ca
I agzorp. tue L3 cogmey 20t

Angytzal Condivons — 300130 Carcspace
16 220°C 3 16°C/min., Fiow Ralg (anm
3a~pla: 2ng 2ach ¢ m;::ncm.
SUPELCO\“‘AK 10, 60m x
Flow Ruie (Amm IC Casors. 'Joe (¢
AFS), Samnpie: 9.2nq 2z2k ompoant
Ceuorplien Conduiors — Tune Casza

e ¢ 220°C al 3°C/mn .
. Ng, Del.: FiIQ (80 x 1C

mlmy, ol Tarsns 38°C far4 m .,
CQIm/mie, M, Maxe-us Gas: a0m o

8.75=m D 7

-

Te=3,Timel 33030 min, Valve Compat & Trans. Lind Tema.: 226°

Figure O — Toermaly Dessraed 7O-2 2nd T8-3 Cempcuncs
‘ Y Cd Y .
Packed Column § Jenisia=aliine Capiilary Column
(2 A1 T
2’8 ; * 1.0k oroeitylene
] .
5.
_! 1. 3
: 3 \0 }
3 Ciesanefra /8 by
. ¢ unizng !
' 1. Chigrzelrylone 4 ]
! . 12 ]
\ 3 V3 Znzrobertan:
. ( 5
i ! & !
i Y1 1 i 2 |1 ‘3
Jo ]! > |y
G 8o I"" (N l
| ”' tERTI I 12 } 1 1 i
) ' i o A f I L |“ A ‘i ' J
AL 4 ' R
r-—l- 1 |\—'I|‘Jb‘|-HU| =T J\_J —J [ |L_|-_l~ |\‘-Jk ‘\-“J I_L'___
Q0 3 [} s ] 10 12 1 15 )5 13 11 -} 2 4 8 [ YO 12 14 |8 58
Mis Min,

Anaiytical Senziliong - 30/30 Carzosacs B/13% SP-10C0, 8 x 1/8* 83, Sarpie: 1:5135 93CN ¢ompaaeni, cengi
liors same as for Figure 2.

SUPELCOWAX 10, 89m x C.75m: 1D 1.0um film), Cob. Temp,: 352C (ar 4 min., than (0 15C°C at 3*C/min.,
Fiow Rala (27m 10 casarp. Ltz (0 cciumn) Smimin, Ha, Make.wp Gas: s0iimin., N;, Det.: FID (8 x 10"
AFS). Sarpie: 1.8ng 2ach compenen!.

Dasorplicn Conditions — sec Fig.re C.
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in mefhanal. Toxic Crganics Mix TO-2A
contains 2mg each of the TO-2 com:
pounds vinyl chlonde. vury.1dul
crioride, and methylene chiorids i
malhang!. _
To monitor all airberne 7O-1, TO-2,
and TC-3 toxic compounds, use Car
potrap 300 iubes, a Sugelco Tharmal
Descrotion Unit, and a SUPELCOWAX
10 wide tore ¢apillary column or a Ca:-
bepack packed column. You will gs=t
corsisient and reliatle anaivses for
these comeounds, and for mary olrar
airbarne compeunds as well,

e —
Ruferonss

1 Compengium ¢l Ligiags or ine Determingtion of
Texd Crpsms Compounds il AmEivat Air, US £2A
Document Ng. 60C7.34-Cal (April, 1354,
Hclerarce =gt 3va'3%¢ [rom Supaize

Carbotrap 300 Thermal Desorption
Tubes
11.5cm x 6mm OB
4mm D 2-0379
enmiD 20382
Supelce Thermal Descrption Unit**
110 VAC

22898 -~

SUPELCOWAX 10
Capillary Column
80m x 0.73mm 1D, 1.€ um film
2-3723

Carbopack Packings
£0/80 Carcor,am 8/-9%, &P-100C,

189 11813
80/1C0 Carbcpack CiC. % 3P-100G.
15¢ 1-1820

Standards
Toxic Organics Mix TC-1A,
1ml 4-8896
Toxic Organics Mix TC-18,
Tmi 4-3397
Texic Organics Mix TO-2A,
1mi 4-3398

T Manufaeturad by Dyactherm, in2. Markaled ax.
¢ludively Dy Supeico, Ing. .

For 3i0¢K and cusicm-pregarcd calumas, refat 'c Sur
caldiog or cail gur Safes Daparirent.
Fer informalisn aboyt IMe Supcicg Tharmal Deso:ption
Urit, pieass call cur Technizal Sanice Copartant,
*Manu‘acturad ty Dynatherm, (nc. Masxcled ax-
clsively gy Supales, ine.

TEer infgrmalion ¢n using wida tére cagliary <ol
uMns in cagxed calumninsiruinents, reguest Bulleun
814,

“Benian Put, Na. 1310422, German il Na. 19338CC
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Carbotrap® — an Excellent Adsorbent NI susm oty

’-..._—_.I._;v- CRMANDLING |

for Sampling Many Airborne Contaminants =~ e

Carbetran high purity, graphitized -

arhon Dlack ean .
arwby oo ea e of 10 susie con- Tabiz 1 — Breakthrouyh Yolumes !
1:;31‘1“&&“\ Cfull;} aac\:é\r‘;cljt“?l'? ,gifc :‘l'll_: o r:g I_g,;:;, for Crganie Adsorbates on Carbotran .&;‘,sor-‘aenl . :
active (functiensl) J groups. The entive surfzee is avaiiablz for Adea:.ate U VU 20°C (mlie Correl. Coef® '
inteructions thut depend soialy on dispersion {(Londpn] . ¥ - :
forses 2). [ conerast, twe ather widaly used adsorbents, ZLnane RIATEY P :
Tcn.‘-‘x;’: (J'(“ ang Ambar it : . huve I‘\Cu.lzed ;;g:z:, ! auedI2 ',
surface charges for fic adsorbent/ndsorbate interse- SR R A ;
tions, Fupiharmer C"“ trap odserbent s more n:,cru,)ho- 706807 P osagng ¢
Dic in neture than -:“."- rof the resing. Thue, fts perforrance acd T 186308 | 055410 :
i3 un i"‘c'LL ] by hamidity, Carbotyap acsorbent is free of Jerscthane L34 x 01 ; 059513 I
s and I8 nob suseeptinle 1o salv wdegr adation. g;g: ;g, [ g:g;;i i
We evalunted Carbotrzy adsorbant &r afrdme crganie 2pragazal 6.52x 169 , 0.55C50 '
compou: u.‘.., using proceduves that paralal work desexibed 1172 10¢ | gosge2 !
Ly the U3 Envivermental Prosaction Agancy (3, Weintro- lorcechylene 127510 0.89539 i
Chieed o magrn chollenge corcntyation - ussroute onto @ by ity
Carbowrap e, then pussed  air threugh the bed. 59100 0.50571 ;
The spc acific = etgntiun or breakidorsugh valume v tg) of air 131510 0.97190 ;
nc'-,ud to cluta the adeorbale was determined. Uhe Jarger 6,18 x 101 0.13941 :
this value, the better the adscrbate was r:ained §.50x 10° 0.5957¢ i
ane, Lie e AUEOTRLE WAS Ik dIned 158 x 10* 6.99959 !
TN
% LCade 4
Gazrbotrap adsorbent traps anc releazesa ll;:x{“: 0'3233.5 i
wider range of airborie organic compounds .m:,g. g:gggg:j ¢
than Tenax GC or XAD-2 resins 203107 0.12359
- || g
To dutermine Corbetrap adsorbent’s functional trapping ‘\'«?.‘.‘.h.eno«c ' S ;Té:lg: ggggﬁ?
range (the range of molecular sizes Lhat 2an be trapped suc- oprioyenzane T 0 ""'x\m;o-' B S
coessfully, then duor.nd) we used 3 om:o‘mc ranging a-Prazsihenzane 14230 0.99953
from C2 W Cl4 straight ehain ard nnb umpom.s. Tu ehar- a-Decane 459x10% 0.99971
acterize Uhe nonapecific surface propertiss of Carbotrap ad- "',.3‘~‘>':§““““‘ 5:53% 167 0.99937
sorbent, adsorbatcs with diverse funciional groups were | e e Py
chosen, We establishied the lower end of the functional range 1-Dorecan 1633 10 0.95903
by setting 1.0 liter as the lowest accerlable breakthrough 5-Ostibenzene 130 5 10° 0.99385
volume. ‘The upper end of the range was determined by eval- r-Tet:adesane 5.32x 10" 0.96209
uating the Carbotrap adsorbent’s a‘n Ly w rel;nse large YN AR -
polsdules (s, PANs or patiicer thwocgh thermal s e SN bR e gt pe e cal o e
desorption. A 2.C minute migration tis and 350° (.,temoexa- parisen. These lemperature/breckthrough velume carrciation coolfi-
ture were censidered che maximum alk swable conditions for ciant: show regrosains piots vsed in this investigation weze linesr,
croper Lhermal desorption.
éarbomzp adsorbert's functional range for the com- “¢! Fur::ional range for Carkotrap adsorbent.
1.
pounds stucied is indicated in Table E:Co”’ft’ze‘i:::;f;) D Larger compeznds that must be desorved at tigher Lemparatures.
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Carbotrap — an Excellent Adsorbent for Sampling Many Airvorne Contaminants

"Figure A — The Entire Surface of Carbotrap

Adso!ber’t issAvailable for Adsorbent/Adsorbate

. [nteractions

Al = Surface Mode!l for Carbotrap
Adsorbent (Surface Area =100mig).
Charges are uaiformiy distributed
around the carbon atom centers,

A2 = Surface Muodel for Tcx‘.:‘.‘ GC Resin
(qu[‘uc Area =23.5mg). Serface

is nonunifurmin charge = -he rge
islocalized 1o oxyyen atoms.

runits

L

A3 — Surlace Model for Amburlite

. XAD-2 Resin (Surface Area ==354m¥/g).
Surface i3 nonunifurm in charge andis
less polar than Terax GC.
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Figure Al adapied Srom W), Figure: A2und AS (rom (3).
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Ay
. adsorsent, ol

sample -0’8 es adsorbates larger than n-
decane =pd o culy Len
Asacomzarizon, the lower end of tiie functianal range for
Amberiiie XAD-2 resin iz similar w thae for Carbotrap
o oapper lmit i rr=:;~:::cé by Amberlite
XAD-2 regic’s iimicsd ability w0 witherand certain solvent
and tempirziores atove (SO°C. The lower limis for Tenax
’”C AL =ars A wnear CB backbune or squiviient struc-
ture (e.z. e seid C-C.C-C-0-Q), Fur Tenux GC, ua
for Amie D-Z, desorption of larger maleesies (and of
certain molicules w.thin the functicnyl range) is restricted
by solvent; .cz'.'.uu-'*""‘e ""‘ccrq

Bt ociasses of c m-

We used
pounds t7 *-*a e .he uucumne ::h._ riieg of the Car-
totrap. 7 .and Amberiite XAD-2 adsarbents. Car-

cagueity for
from its

...:":ent shows greater adsording ¢
2lie maizeules (Tabie 2!, This results

botrap ad
inear and

tnigue aroperies favea: IC'(L e, density:
0.38gi ized surface charge, 2 combinaticn .Mt
permits graaler b ':ru.xon melween the adzerbent surface

and the adsorbate Ternax GC adsortant 3 greater adsorbing
power fur n-pentincic acid is due to Loculized surface
charges s,._\. S for interactions with acid groups (Figure

A).

areakilieeug volume, Vi swo other valuss

an be ¢ sulated to characierize the Siserbent/adsorbute
"r'lmu' '.ne nﬂaOl‘]IUC" ceafficiont, X, describes the
distr of the adsorbate “er.we'n ke g.a and solid

phase:s, relgting the retenticn volums to Ths adsorbent sur-

she uqu.] brium sor ,L'o" easuely. Q,.. dcw e

capacity for the adserifate. Larfe values of
"mco -m(l ’eter: on e acteristics. The large
n Table 2 refloct tha
wiein che intersction
3 Le .~ed 0 _‘u ict the vela-
rtoand antasted adsorbates in

restad adsorhate.
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You can completely recover adsorbed
comzounds ;.—om Carbotr: padsorbcnlby
'

citheor zolvent ar thermal desorption

CzorTates wera ravovered frum Carbourap adiorbent
tubes by scth soivent and thermal (]P:C"')l‘ﬂh technigues,
Our oravizus st u’;e. hu‘»cn 11 «. i c' "-ou rone, and 2-

E ctron- :nch ovggea .W"x- in c.‘uc 3@ molectiles
=t benda with metal and seit {mpurities on an ad-
irface. These nc‘aoxbatu. then, are a stringent
sent zurface purity. Thouetive gv cups on chioro-
ogen., n-pentansic 1cu2 fears ..c..\.y ,avxd Denayla-
19) similarly reven! specifle, loealized ¢harges on
nt surfice. Adsorbate volumes in Table 3 repre-
antity of adsorbate in 5.0 diters of air 2t 0.5 times

501’ ‘:!)-
test of adl
benz-ra
mire (ar
an a:isy
sent ke
the Ceouzations:i
threzhald limit value (TLV3). Wien a TLV was not availa-
ble, 1.0u) was used.

For activated charceal, 60% recovery of 1-butanal and 2-
ethcv ¢thylnectals is typically cited 33 an aceeplable value.
For Cart: ut"u) ad :orb\.nt recovery of these and other com-
pourds s virt L..-”y complate by both methods of desorption
(Tatle 55, This is due to the high purily of the sorbent and
thc aensyeeifie nature of its graphitized surface,

ma f}e=orbu~g solverts were used in this evaluation
( 7. Carbon disuifide wus chosen because it is common-
ly md 23 a dasorbing solvent for churcoal. Also, its high
heat cf adsorpticn ailows it Lo rewdily displace adsorbed com-
pounca. Carbon disulfide canrollbe used with polymerie ad-
sorbants, such as Tenax GC and Ainberiite XAD-2, because

Safely and Health Administretion's



http:ur.taf.'.sd
http:i:.;r::c:uii'.ii
http:o\:-'.ts

Table 2 = Breakthrouzh Volumes (V“)..\d-orplim Coelficients (K}, and Equilibrium
L Surptinn Capacily (Q g Values fur Carbotrup, Tenax GC,and Amberlite XAN-2 Adsorbents
e e Aoy TN - - . .- — — ——. - -
]l Vi e T K, Qg
Adsorbate [ Carbutrap  Tenax GC Xan-2 | Carnotrap  Tensx GC XAD-2 | Carbotrng T':nu.»; GC XAD:2
q.Dacalne [ NS R DU ¥ 153 x107 [ 260 3502107 550x160 0 280 J..ixi2% 2lzxiu
Beoeylaming ' 2231072 1532107 | 1.81x10% 323410 Z42xi0Y| 351x10? 1.57xi0¢ 7.8x.0°
Criveolionaene 1.58 5 168 I 134 ¢0% S.ou x 10 23810 720xi0% ) TEO0x 10 333 N0 224x:57
P-N;)enc $24x100 3 TR 508 f‘x‘ﬂ’ L8830 L3I0 18210 1EE N0t 340 x0T
5-Cresol 2.06 1 1. 455 ¢ 108 TX107 238,107 TH9xIT] 9udxlet  3Tuxl0?!  220x 07
n. Feneancie weid 1. 9 1.01 x 104 2.3~ X100 210 15lxidt| LTEx10! 330x10° 431G
Cyelaheivon I 8.27x10% | LIDx10% 2455107 I35x107) Ai9x150 4.28x109 147 l0°
gy ehyl-2epropancl 8. 3422107 Q55 x10%  156«10' 406« IC"L 159x 30 203x110% 145x 04
B> the ihpee mlanrSenin, corr Sitiun 2aelioiems fus peeakihrnu gk voldme and tempreniare ramged S 097100 1o | 0C0),

Tabie 3 — Desorption Efficiene: for Cirsotrap
Adsurbent by Sclvent and Thermai Desurption

Curbu:rap 100 Thermal Desorgtion Tubes

! PR i __.-_.

Desurstion Efficiency (%) H L
Salvent Desorptivn I . % \
Carbupn | Thermal ! R :
€ e ¥ mels i ”-.: ‘.' ide ¢ i - .
Adsorhute Vylume | Acctunited!e Disullidei Desorplion Q Tube slorage container
Tolaeni 23 102 - 111 neludad with tube
2 Lt L 103 109 105
T muian 0.4 106G 02 ()
doEohesyettivlavetate T Lo 181 jnz 159
n-Poecune 1.0 103 - il
O arcbi e Ll 04 - 13 r
n- DepLanoie i 1.0 16 104 3! Peic
m:.z_\.“,,,:;,._. 1.0ul 108 - . 108 Tube Specifications Cut. Na. ’ tube
Sunalen ginss, Smm QD
it degrades them. Thus, you are forced to use sther soivents ) ImmIDx ] ?ac:ﬂ long 2.0998 293
thul may not remove the adsorbazes elfectively. The other . ) iR i
bolunt acetonitrile, i= often used in lquid ehirginatographic Tokmar® i g seeal
AnaLyses, 14700 x 7" lang 2.0241 39
‘Thermal desorption has now gainad aceeptence because 58" 0D x 7" long 2-0239 70
ef mowe detmanding regulations from the US Envircnmentul CH3 stainless steel
Protection -lgm'c!/. the Nutional In: fzr,etvf'n Oceupation- A" 0D x 3 lon 0240 3
: th, har civs, Wiap . / xd oy -02 24
al Safely and Heulth, and other agencies. When x-covexed
Ly solven: de.,*"pawr* 3 Lrapped adse: :au. :: dluted. In con-
trast. when a suitable adsorbent is haated,” adsorbates are .
released cffectively and undiluted. Thus, with thermal ORET-100 Scivent Dascrprion Tbes 2.0253  395/23
desorption, you can moniter amall a.nounts of airborae con.
esorplion, you ci T Sl I C.racivap adsorient (20:40mesh), 5z 2-0287 820

Comunan:s that would otherwise be undetectable.

Tenax GC resin relceses tolueng, Benzeng, and trichlo-
roethylene residues during thermal dese ;puicn. Residucs arg
ggolved from Amberhite XAD-2 resiv at 150°C. At 250°C the
rasin will completely pwo)ze Thuz, 'nbc.‘.tc XAD-2 i3
poorly suited to (hermal desorption. and Tenzx GC must be

carcefully conditionad to prevept artifaet furmation, Car-
Sowrap sdsorbent, i contrast, is siodla ar temperatures of
400°C or hugher

Although Carbotrap adsorbent orce came with wide
particle size distribution, we now offer the unifurm sized,
large particle muterisl (20/40 mesk?, This further reduces
Lack pressure.

Carbotrap adsorbent 3 available in 7mm OD x 5mm 1D x
10cm long ORBO™-100 :olvent dezorption tubes (350mg/
175mg bed weights), or i tubes for three widely used ther-
mal desorption units. It also comes in buik, Cf course, we can
prepare custom Carbotrap tubss to your speci ﬁcatxons. For
information about thermal desurption, or de'ails on custom
Carbotrap tubes, call our Technical Service Depurtment.

»Strong nelar andior icaic geoups on an adsortent surface can cause dis-
asagoiation of an sdacrbate, or of the adsurbent's surface bonds, forming
aryifacts.

Frr 1=-np('on~:' Kitieasl C..x“ou:p-‘ errtul de=orplion Lobes uni
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Chromatography and Chemical Standards News

A Qigestof GC, HPLE and Cnenical Standard Articles
of Current Inferest 1o Chroma-ographers.

New Thermal Desorption Tube

for Monitoring Hazardous
Airborne Hydrocarbons :

Carbotrap 300 tubes efficiently trap and
release US EPA TO-1 chlorinated and
nonchlorinated hydrocarbons

Are you veguired to monitor air
levels of the aliphatde, arcmatie. and
chlorinated hydroealbong listed in US
Envirbomental  Piotection  Ageney
TO-1 methedelegy (1?7 If 30, you’ i ap-
preciate our new muld- bed therma.
desorpeion tube. fn new tube efficient-
ly adsorbs and releases allof these comr-
pomds whether present individually
{s5 in same industriel cmuo'zr'-ent 3) or
in cemp.ex mixtures (ke the ambien:
air at toxic wasse sites).

The new Carbotrap™ §60 therma!
deaOJthlJ’l tube was designed to retain
vinyl chloride, 3 cihlarinated hydrocar-
bon with a small retention \olume, while
efficiently adsorbing and releasing ths
higher molecular weight compounds
(e z., alky! enzenes), The back bed
123my of Carbosieve® S-[I1, traps viny!
chloride and other ..ght compounds. Ths
middle bed, 200mg of Carbotrap, traca
the C3-C8 cur-pomdc The front ved,
300mg of Carbotrap C, traps the keavi-

“Cepyra v 238 Su 'x-cu g Oelefsr.c.Pa 155550088
A-.RCH'S 20

est compounds (Table 1). Ia totul, the
design of the Carboirup 30C tuke allows
aﬁ"ﬂpl ing velumes of up to 10 lite:s to be
used without Yrealth rough by any of
theze compaounds.

Ta suceassfuly mioniter EPA TO-1
nydrocarbens and ehiorinatzd hydrocar-
bons, you must usz a relizble system,
We suygest ocur reusable thermal
descrption tube, a auitabie analyticsl
columy, and an efficient therrnal desorp:
tion unit to transfer the samples from
the tube tc the column.

We sejected tuo GC columns (a
packed eolumn and a capillary colummn)
on the basis of their ability to refocus
tihe thermally desorbed compounds,
then effeciively resolve tham with goed
peak symmetry. We evaluated graphi-
tized earbon black malerials as packings
because their high surface areas exhibit
excellent refocusing cupability.

The packing we chos2, Carbopack
C/0.1% SP-1000™ (Figure A) provided

(cent'd on page §)

Figure A = TO-1 Chlorinated Hydrocurbons
by Thermai Deserption and Analyeis
on # Pscked Column
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Figure B =« TO-1 Noarglogenated
Hydvoearhons by Thesieal
thur,lmn and Analysis
onad75mm [D Capiifary Column
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Arglyticd Cowlitizns = SUFELCOWAX 10, Gim x
0.05mm ID (. 0pn ), Cob, Temp.: 35°C fur A min., thep
10 220°C ut §°Cmin, Inj. & Det. Tern.: 220°C, Flnw Ratg
Ueagrplinn tuba 1o columul: JOmlimin., He, Make-up Gus
Flow: 40mi/min. N. Dot FID, Sens: 80 21 20 ' AFS.
Sarpie: 1,074 conining 0.2;3/mi ruch component.
Thermal Desorptior Conditions —~ Tube Desorp. Tump.!
{;;ht‘ ST min. Vaive Curpur, & Thana Line Toanpi:
20°C.
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Thermal P2sgrption Unit Transiers Samples fram

Tablel — I

3 I I'F.‘.bo! rapCavbolrap

1:"-’\‘;1‘.‘11\ ugh Volumes ‘in [iters) for US EPA TO-1 Hydrocarbors
: Z Thermal Desciption Tube

i Corbesicve 8-111
: (125 gy

r Carbotrsp
(200me?

Curbutrap C
(300mg)

Viny! Chloride 152
Chlorofcrn
1,2-Dichlorcstiion
1,1,1-Trichiora
Carben letrasniorite
1,2-Dicrtorom o
Trienloroeth: lene
Bromeform
Totyackleroesivlone
Chlerokenzen. l
n-Heptane
1.Haplene
Benzene
Toluere I
Ethylbenzane
p-Xylen
m-Xylene
o-Xyléne
Cumena
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s arei for saanpling volumes,

3

Therma/ Dcmr;.:z'on Unit (Figurs C).

Thiz unit desorbs tha hvdrocarhens bal-
‘:is cally at a rate of apnroximateiy
18°Cisecend, raising the tube tempera-
ture from 35°C to 320°C in 16 seconds.
‘11! ~eg’nr‘rts of the transfcr system
valving. wb r‘g. and transfer line) be-
fv. an the tube and column are inext.
The entire transfer system is also
heated, eliminating ccid sp2is wherz
aralytes cowld cendense. Thua, the
:::rple 3 sharply focused at the column
jniet ard the gm.pcz‘nd' can be efllcient-
ly sepurated.

Contrai sampies for ealibreting the
thermal desorpticn unis and emluacmg
es m,:t.m* efficiency can hLe injectsc
into tne unit's injecticn port. They are
delivered onto the GC column through
the same pathway deserbed samples
Sollow. The thermal desorpiion unit can
be usad with either a packed column or 3
capiliary column. Thus, it ig ideal for
TO-1 chemicals analyses hecuuse, witl:
some samples, both galumn types may
be needed to perfurm a complete
analvais,

Qur new muj

A

«-ded tube, in conjuneg-
tion with a Supeieo Therma! Desorptivn
Unit aned the cclumns desoribed, Cu..l ok
used to monitor sl airtorne TO-1 con

nounds, W ara now investigating m-
use o thiz cele for eo !Lchpxr gimilur ql\r'

more \o.-..‘.l». capeunds, now teanpan
by vruyge and trap (TO-2) or ceid trug

(TO-3) precedures.

Nelorence:

oy tiee .,1’!.;': AL ‘.}
s in dabient Air Us
vo. SC0/L-21-041 tApr, 19530,

of Moiomix

Reforence na, avatiable from Sunello.

Carboirap 300 Thermal Desorption
‘Tabe, 11.5em x 6mn QD x 4min ID

2-0379 332/tube
§0/100 Carbopack C/0.1% SP-1000, 13¢
1-1820 510

Fer stock ant eustem- pxc,.m ved columns, refzr
to our eatalog or call our Sales Department.

SUPELCOWAX 10 Capillary Column
G0m x 0.7mm ID, 1.0um film

2.3723 §499
Supeleo Therma] Desorption Unit
(110 VAC)

2-28935 $4300

For Information about the Supeleo Thermal
Desorptica Unit, or using our wide bore capillary
celumns in your packed column system, plc:s"
¢vlf our Technizal Service Department.
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