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ABSTRACT

The detailed analysis of amine solutions used it natural gas treatment is usually based on gas chromatographic (GCY methods which
utilize columns pached with Tenax GC or TA, & porous pohyier based on 2.6-dipheayl-p-phenylene - ade. This techmigue has the
advantages of the ability to separate the various compounds in solution, minimum sample preparat on and short analysis times,
Advaaces in chromatography have shown the general superiority of capillary columns for the analvsis of complex solutions. Un-
fortunately, Tenax is available only in packed columns. This paper presents the results of GC analyses of Fresh and partialy degranded
alkanolamine solutions in which the Tenax column was repliced with o polyetiaylene glhyeol-based Tused-silica. wide-bore capillary
colunm (15 m x 0.53 mm LD LO-um Blm thickness), Tt was found that the capillary column provides better peak <hape. requires
significantly less sample size. maintains higher sensitivity and offers & faster and more efficient separation than the Tenay pached

columns,

INTRODUCTION

Alkanolamines arc commonly used to rcmove
impuritics such as CO,, H,S, COS and CS; {rom
natural, refinery and other industrial gases in re-
versible  absorption-desorption processes. How-
ever, irreversible or degradation recactions some-
times occur, resulting in the formation of undesir-
able degradation compounds. As the degradation
compounds build up in solution, the concentration
of the functional amines is reduced. thus limiting
the absorption capacity of the process. The degra-
dation compounds may also contribute to other
problems such as corrosion [1- 3], foaming {4-6] and
fouling {7]. Therefore, routine analyses of plant so-
lutions are conducted to determinge the state of the
plant solution and to take remedial actions for en-
suring the desired plant efficiency.

Early attcmpts to analyse par’ .y degraded
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amine solutions used methoeds such as potentomet-
ric titration [8]. acid titration and Kjedahl total ni-
trogen determination [4.9], fractional distillation
and crystallization {10]. These methods were gener-
ally unsuccessful owing to a tack of reproducibility,
inability to scparate degradation compounds, de-
composition of amines and degradation ~om-
poeunds at clevated temperatures and long analysis
times. Derivatization has been tried as a means of
making the amines more volatile, less polar and
consequently more amenz# - to gas chromato-
graphic (GC) analysis [11-13]. Although fairly suc-
cessful, GC analysis of derivatized degraded amine
solutions suffers some drawbacks which were out-
lined b Saha et al. [141. As a result, the latter group
developed a direct GC technique using a column
packed with Tenax GC. a porous polymer based on
2.6-diphenyl-phenylene oxide developed by Van
Wijk {15]. This ~olumn successfully scparated a
mixture of monocthanolamine (MEA), dicthanola-
mine (DEA) and tricthanolamine (TEA) in about 8
mn. The use of the Tenax GC column was sub-
sequently extended to the analysis of partially de-
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graded alkanolamine solutions and the detailed
analytical conditions have been reported [16-18].
Other studics involving the analysis of fresh and
partially degraded alkanolamine solutions using
Tenax columns in combination with other columns
[19,20] have also been reported. Recently, Tenax
TA has replaced Tenax GC. The former is claimed
to offer better tolerance to impuritics, thereby limit-
ing the number of mimute peaks on the chromato-
gram.

Advances in GC have shown the general superi-
ority of capillury columns for the analysis of com-
plex solutions. Unfortunately, Tenax is available
only in packed columns. This paper presents com-
parisons between polar capillary, semi-polar capil-
lary and packed columns. The results show that the
polar polycthylene glycol-based, wide-bore, fused-
silica, bonded-phase capillary column performs bet-
ter than the semi-polar capillary or the Tenax
packed column in the analysis of fresh and partially
degraded alkanolamine solutions.

EXPERIMENTAL

GC adaptation

A Hewleu-Packard HP S5830A gas chromato-
graph which is configured for packed columns was
adaptzd for capillavy columns by installing appro-
priate adaptors in the injection and detector ports,
The adaptors consisted of a glass injection port lin-

TABLE ]
OPERATING CONDITIONS FOR GO ANALYSIS

Parameter Tenan TA
njection lempertire () 00
Detecton (lliume omizationy wemperature 30
hen Wwmperaiue progranume.
Initid ©C) 1A
Isothermal (mim 0.3
Rate 17°C mim S0
Final £7Cy LY
Minvimum Oy s
Sample see (i L
Nitrogen Row-pate:
Column (ml nun) 230
Make-up (ml nuny .0

Movimiuny ompentture por column conditioning

0.
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cr and connectors which converted the H/4- and /8-
in, (1 in, = 2.54 cm) injection and detector ports
respectively, to the dimensions of the capillary col-
umn. They also provided a means of adding muke-
up carrier gas.

Chromatographic columny

Analyses of fresh and degraded alkanolamine so-
lutions were performed by using the following lour
columns under the conditions listed in Table It

(1) Tenax TA packed column (9 1. x 1/8in. 1.D.;
11t 30.4% cm); purchased from Supeleo, Oak-
ville, Canada);

(2) Supelcowax 10, a polyethylene glycol-based.
fused-silica, cross-linked, bonded-phase capillary
column (15 m x 0,53 mm LD., L.O-pm film thick-
ness: purchased from Supelco);

(3) DB-Wax. a polycthylene glycol-based, fuscd-
silica, cross-linked, bonded-phase capillary column
(15m x 0.53 mm 1.D.. 1.0 ~um film thickness: pur-
chased from Chromatographic Specialities, Brock-
ville, Canada).

(4) HP-17. a 50% phenyl methyl-polysiloxanc-
based. cross-linked capillary column (10 m x 0.53
mm LD, 2.0-um film thickness: purchased from
Hewlett-Packard. Avondale. PA, USA).

Deeetor scasitivitye
Owing to their small diameters, capillary col-
umns are characterized by low carrier gas flow-rates

Supeleowax 10 DB-Wax He-{7
IR0 00 RIYS)
RISY 0 Ry
125 125 123
.8 0.3 08
N0 R0 N4
275 230 R0
280 230 R0
0.2 0.2 02
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{ <10 ml/min), which increase the number of sep-
aration units per unit column length, and hence the
separation cfficiency. compuared with packed col-
unmns, For flame ionization detectors at high sensi-
tivity, the nitrogen, hydrogen and air flow-rate ra-
tios arce ¢a. 1:1:30. Thus, at typical air low-rates of
300 mli/min, a nitrogen flow-rate of about 30 ml/
min is required. To achieve this, it is necessary to
add 25-30 mi/min of nitrogen (carrier gas) as make-
up to the carrier flow leaving the capillary column,

Column conditioning

Prior to usc. the capillary columns were condi-
tioned by temperature-programmed heating at 2°C
min in the GC oven while maintaining a constant
carrier gas flow-rate of ca. 10 mb/min, for about 16
h. For factory-preconditioned columns, only a
short cure of 2-3 h was necessary. To avoid damage
to the active material in the column, the highest
temperature used during conditioning did not ex-
ceed the maximum temperature listed tor the col-
umn {see Table D),

Amine solurions

Analyses were conducted on mixtures of alkanol-
amines and samples of partially degraded alkanol-
anine solutions oblaimed from the laboratorny and a
gas plant. The alkanolamines numberad 1 9 in Ta

TABLE I

99

ble 11 and those in Table 11 are commercially avail-
able, and were purchased from Aldrich (Milwau-
kee, WI, USA). Others such as hydroxyethyl-
oxazolidone  (HEOD). hydroxyethylimidazoli-
done  (HED, tris(hydroxyethylethylenediamine
(THEED) and bisthydroxycthyhimidazolidone
(BHEI. were synthesized following previously de-
seribed procedures [18). Some of the mixtures used
were prepared by adding known masses of alkanol-
amines to volumetric flasks and diluting to volume.
When the primary objective was to demonstrate the
abilities of the columns 1o separate the amines, the
individual concentrations of the amines were not
determined.

RESULTS AND DISUCUSSION

The performances of the aforcmentioned col-
umns can be compared in terms of retention time,
peak shape. sensitivity limit, sampic size, clution or-
der. reproducibility. durability. calibration and
COSL.

Retention tine

The retention times in Table H show that the cap-
ilary columns clute the compounds faster than the
Tenan golumn. The ditferences in retention times
range from 2.5 to over 10mm. Although the shorter

RETENTION TINES OF ALRKANODANVHINIS IN VARIOUS COLUNMNS USING THE OPFRATING CONDITIONS IN TA-

Bit

Peak  Compound

Retention time (mit?

‘\"‘\‘ . AN PR -
Tenax TA Supelconay 10 DB-Wun HP-17
t Monoethanoluonine {MEA) a9 1.0y I8 .32
z Aminomethvipropanol (AMP) SA3 115 1.3} .37
3 Diglycolamine (DGAY 87K 109 373 Q.98
4 Hydroxyethylpiperizine (HEP) 1282 197 S.68 246
3 Methvldiethanolamine tMDEA) 10,53 .42 376 1.56
o Disopropanoiamine (DIPA) 2T 24 ST 2
7 Dicthanolamine (DEA)Y 140.83 677 T8 I.ud
X Bisthydroxyethayhpiperazine (BHEP) R 10,76 114 614
Y Bisthyvdrovyethy hethy lenedianune (BHEED) o4 117} 1203 S63
10 Thdroxsethylovacohdone (tHEOD) 1778 HRIC {483 T
i Hiydrovethvlinndazohdone (HED 1934 13,34 18,59 N3
12 Trnthvdrovvethy hethvlencdiamine (THEVIY 21on 700 2439 (LTI
{3 Bt drovsethy bimidazobdone (BHED 2294 IN 20 6N fi42
CRotenion nmes o vars by up o 30 dependimg on the ape of the celumn and e concentrations o the compounds
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and less polar HP-17 column was able to clute the
compounds faster than the polyethylene glycol col-
umns, column bleeding commenced at about 200°C
and was very significant above 240°C. This caused
poor separation of the degradation compounds
with high boiling points. The greater film thickness
in the HP-17 column may have contributed to the
significant bleeding obscrved. More generally, it ap-
pears that successful analysis of partially degraded
alkanolamine solutions requires highly polar col-
umns. It is also noted that for the non-volatile deg-
radation compounds, the retention times in the DR-
Wax column are greater than those in the Supelco-
wax 10 and Tenax TA columns. The reason for this
is the lower temperature limit of the DB-Wax col-
umn (230°C) as opposed to 280°C and 350°C for the
Supelcowax 10 and Tenax TA columns, respective-
ly. The higher temperature limit of the Supelcowax
10 column may be due to a different bonding proce-
dure used for the DB-Wax column. This property,
plus the fact that both columns contain the same
active material and cost approximately the same,
make the former a more suitable choice for the
analysis of partially degraded alkanolamine solu-

1
3
5
7
6
|
2 ‘(
L] A * A ¥ ¥ —_—
¢ 2 4 6 8 W0 12 14 186 18 20 22
min

big. L Chromatogram showing the separation ol @ mixture of
alkanolamines using the Tenax TA packed column, Peak num-
bers as in Table 11
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tions. Further comparisons of column performanc-
¢s were therefore limited to the Tenax TA packed
column and the Supelcowax 10 capillary column.,

Peak shape

Figs. 1-6 show three sets of typical chromato-
grams of aqueous alkanolamine mixtures obtained
using the Tenax TA and Supelcowax 10 columns, In
both instances, the capillary column produced
sharper peaks and better baseline separation, Low-
or temperature programming may climinate the
peak shouldering observed with the Tenax column,
but will requirc longer analysis times. As will be
shown later, the degree of shouldering observed
docs not scem to affect the reproducibility.

¥ L ] ¥ A 1

0 2 4 4 8 10 12 14

Fig. 2. Chromatogram showing the separation of a4 mixture of
alkanolamines using the Supeleowax 10 capillary column, Peak
numbers as ‘n Table 1L
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Fig, 3 Chromuatogram show g the separation of a minture of DEA and degradation compounds using the Tenax TA packed column,

Peak numbers as in Table 11

Sample size

Capillary columns generally require smaller sam-
ples than packed columns. In the present instance,
0.2-p1 samples were injected into the capillary col-
umns as opposed to the 1 gl typically used for the
Tenax TA column: no decrease in of sensitivity re-
sulted. A further advantage of the Supelcowax 10
column is its ability to handle larger sample vol-
umes typical of packed columns, while still main-
taining the high scparation efficiency of capillary
columns (see Figs. 7 and 8). The syringe used for
sample injection was fitted with a Chancy adapter
that ensured reproducible sample volumes in all in-
stances.

Sensitivity limits

To cstablish the sensitivity limits, and aqueous
solution containing ninc alkanolamines at concen-
trations ranging from 0.01 to 0.05 mol/1 (see Table
V1) was analysed with the Tenax TA and Supelco-
wax 10 columns. As shown in Figs. 7 and 8, the
Tenax column did not produce peaks for MEA and
BHEED whcreas the Supelcowax 10 column only
failed to scparate the latter. Further, the Supclco-
wax 10 column scparated the remaining eight com-
pounds, unlike the Tenax TA column, which couid
not separatc DEA from MDEA or BHEP from
HEOD. As degradation compounds usually occur



Kii7]

10

0. £. Dawodu and A, Meisen | J. Chromatoge, 629 (1993) 297-307

n

n

|4 ; N o Lk

-4
;
1

Y 2 4 8 8 10 12 14

¥ LA T 1

16 18 20 22

Fig. 4. Chromatogram showing the separation of a mixture of DEA and degradation compounds using the Supelcowax 1O capillary

column. Peak numbers as in Table 1.

in low concentrations, the higher sensitivity exhib-
ited by the Supelcowax 10 column is a significant
advantage over the Tenax TA column. The ability
to separatc DEA from MDEA also makes the Su-
pelcowax 10 column better suited for detailed anal-
yscs of blended solutions of MDEA and DEA. The
inability of the Tenax column to separate as efli-
ciently as the Supcelcowax 10 column may be duc to
a nct loss of sample, which probably arises from
column adsorption.

It is noteworthy that all the peaks cluted had cor-
responding integrated arcas which indicated that
these compounds can be determiend at the reported

levels by using the appropriate calibration graphs.
The regression equations for the present calibration
graphs are not provided because they vary from one
laboratory to another and depend on factors such
as age of column and mode of sample injection.
However, the calibration method used in this work
is described later.

Elution order

The retention times listed in Table 11 indicate that
the order of clution with the Tenax TA column dif-
fers from that with the capillary columns. To high-
light this difference, the retention times of mono-
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Fig. 5, Chromatogram showing the separation of an industrial DEA solution using the Tenax TA packed column. Peak numbers as in

Table 11,

cthanolamine. dicthanolamine and their alkyl de-
rivatives using Supelcowax 10 and Tenax columns
were individually determined using the pure com-
pounds, and are listed in Table IIT together with
pertinent physical propertics. For the Supelcowax
10 column the elution order appears to be based on
boiling point, which, in turn. is influcnced by the
degree of hydrogen bonding of the compounds.
Thus, the alkyl derivatives with higher relative mo-
lecular masses but lower boiling points are eluted
before the base compounds. Conversely, the Tenax
TA column shows an clution order based more on
relative molecular mass than boiling point. The de-

gree of column adsorption may also have influenced
the clution order. As the capillary column con-
tained a thin film of active material, few or no ad-
sorption problems arose. In contrast, the mode of
separation in the Tenax column is based on adsorp-
tion on the porous polymer followed by diffusion
into the carrier stream. The rate of the latter dcter-
mines the retention time and is influenced by molce-
ular size. boiling point and the strength of the ad-
sorption between the compound and the column
matcrial. The absence of significant adsorption in
the Supelcowax 10 column may also be responsible
for its higher sensitivity over the Tenax TA column.
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Fig. 6. Chromatogram showing the separation of an industrial DEA solution using the Supelcowax 10 capillary column. Peak numbers
as in Table 11
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Fig. 7. Chwomatogram showing the separation of 0.01--0.05 mol 1 of alkanolumines using the Tenax TA cotumn. Sample volume = 1 g,
Peak numbers as in Table 11
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Fig. 8. Chromatogram showing the separation of 0.01-0.05 mob/ of alkanolamines using the Supeicowas Lo Qupillary column. Sample

volume = 1 gl Peak numbers as in Table 1.

Reproducibility

In order to compare the reproducibility of analy-
sis, three solutions were analysed using both col-
umns, Solution 1 was arbitrarily mixed without par-
ticular attention to the concentrations of the alka-
nolamines. Solution 3 was a 1:4 dilution of solution
2. The standard deviation for cach compound was
determined from the concentration values obtained
in four consecutive analyses performed on the same
mixture. The only exception was solution’ 1, where
the standard deviations were based on the integrat-
ed peak areas. Typical chromatograms for solutions
1 and 3 are shown in Figs. 3 and 4 and Figs. 7 and 8,
respectively. The results in Tables IV--VI indicate
that at high concentrations (Table IV) the repro-

ducibilities of analyses with the Tenax and Supelco-
wax 10 columns arc comparable, except for the eth-
ylenediamines (BHEED and THEED), where the
Supelcowax 10 column was superior. At lower con-
centrations (Tables V and VI), the degradation
compounds (HEP, BHEED, BHEP, HEOD and
HEI) showed better reprodubility with the Supelco-
wax 10 than the Tenax column. The Supelcowanx 10
column is thus more reliable for the determination
of low concentrations of degradation compounds.

Durability

Laboratory experience has shown that the Tenax
column could be used for extended analyses over
4-6 months without any appreciable change in re-

TABLE Il
ELUTION ORDER WITH SUPELCOWANX 10 AND TENAX TA COLUMNS USING THE OPERATING CONDITIONS IN
TABLE 1
Compound M, Density B.p. Elution order
{-cnt’) C)

Supelcowax 10 Tenax TA
Monocethanolamine 61 1.012 70 4 i
Methylaminocthanol 75 0.935 159 2 2
Dimethylaminocthanol 89 0.887 139 1 3
Ethylaminoethanol 89 0914 169-170 3 4
Dicthanolaminge 105 1.097 217/150 mmbyg” 7 6
Methyldicthanolamine 9 1.038 246-248 S 5

6 7

Ethyldicthanolamine 133 1.014

246-252

‘I mmHg = 133.322 Pa.
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TABLE IV

REPRODUCIBILITY OF ANALYSIS BASED ON STAN-
DARD DEVIATIONS (SOLUTION by in = 4)
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TABLE Vi

REPRODUCIBILITY OF ANALYSIS BASED ON STAN-
DARD DEVIATIONS (SOLUTION 3 (n = &)

Compound  Deviation (%)
Tenax TA Supeleowax 10

DEA 5.19 6.25
BHEED 11.33 4.95
BHEP 1.09 278
HEOD 5.62 375
HEl 342 4.90
THEED 3094 7.10

BHE!L 6.83 s

* Deviation (%) = 100 (standard deviation mean area),

tention times and separation cfliciency [16--18)
Judging from the reproducibility of retention times
and scparation efficiency within the 2 months dura-
tion of its use, the Supelcowax 10 column appears
to be as durable as the Tenax TA column. However,
a more objective assessment of durability will re-
quire subjecting both columns to analyses of the
same solutions over the same length of time and
obscrving the changes in retention times and sep-
aration efficiency. It should be noted that the Supel-
cowax 10 column is fragile and can casily be inacti-
vated through oxidation of the polycthylene glycol
film. To prevent this occurrence, the column ends
should be flame scaled when in storage or a con-

TABLE V

REPRODUCIBILITY OF ANALYSIS BASED ON STAN-
DARD DEVIATIONS (SOLUTION 21 (n = &)

Compound

Congentrition Standard deviation (mol
(mol ) o
Tenax TA Supelcowax 10
MEA .206 0.008 0.014
DGA 0128 0.007 G.018
HEP IR 0,010 0.005
MDEA 01 0915 0.003
DEA 0148 0.009 0.009
BHEED 0.072 0,008 0.005
BHEP 0.057 0.003 .002
HEOD 0.066 4.006 0.002
HE!L 1,130 0.006

0.017

Compound

Concentration  Standard deviation (mol/l)
(mol/l) —
Tenax TA  Supelcowax {0
MEA 0.052 Not detected 0,013
DGA 0.032 0.016 0.013
HEP 0.029 0.002 0.003
MDEA 0.028 0.016" 0.001
DEA 0.037 0.004
BHEED 0.018 Not detected  Not detected
BHEP 0.014 0.007* 0.001
HEOD 0.017 0.002
0,011

HEI 0.033

0.004

“ Value reported is for MDEA and DEA cluted as one peak.
* Value reported is for BHEP and HEOD clited as one peak,

stant flow of carrier gas must be maintained when-
ever the column is instalied in the GC system.

Calibration

The Supclcowax 10 column can be used for quan-
titative analysis just like the Tenax column. This
involves the preparation of calibration graphs ob-
tained from plots of peak arca versus concentration
for standard solutions. The calibration graphs are
subsequently used to determine the concentrations
corresponding to the peak arcas resulting from the
analysis of partially degraded alkanolamine solu-
tions generated in the laboratory and industrially.
Such graphs prepared with the Supelcowax 10 col-
umn for 0-3.2 M MEA, 0-5 M DEA and MDEA
and 0-0.5 M dcgradation compounds such as
HEOD, BHEP and HE! were lincar.

Cost

The 15-m Supelcowax 10 capillary column is
about 2.5 times more expensive than the 2.7-m Te-
nax TA column. The conversion kit nccessary to
use the capillary column in a GC system configurced
for packed columns is an additional cost. However,
as the conversion kit makes it possible to carry out
both capillary and packed column analyses, this ad-
vantage far outweighs the initial cost of the con-
version kit. Further, the superior analyses offered
by the capillary column should compensate for its
higher cost.
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The durability of the Supelcowax 10 column un-
der extended analysis still needs to be firmly estab-
lished. This may. in the long run, have a bearing on
COSt comparisons.

CONCLUSIONS

It has been shown that Supelcowax 10, a capillar:
column lined with polycthylene glycol, can be used
in place of a Tenax packed column for the GC ana-
ysis of fresh and partially degraded alkanolamin:
solutions. The analytical conditions that perm:
good resolution of mixtures of amines have bee:
cstablished. although a lower initial temperature
and/or temperature programme may suflfice whoen
analysing close-boiling amines. The capillary col-
umn provides better peak shape, maintains higher
sensitivity, requires less samples and offers a faster
and more efficient separation than the Tena
packed column. The higher sensitivity combinceu
with the gencrally better reproducibility of analysis
make the Supeleowax 10 capillary column more ro-
liable than the Tenax column in the determination
of low concentrations of degradation compound-
This work thus extends the use of capillary columns
to the GC analysis of fresh and partially degraded
alkanolamine solutions encountered in the clean-ur
of natural, refincry and other industrial gases.
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