
Alkanolamincs arc commonly used to remove 
impurities such as CO:, H2S, COS and CSz from 
natural, refinery and other industrial gases in tx- 
wrsiblc ;Ibsot7)tion-dcsorption proccsscs. How- 
ever irrwcrsiblc or degradation reactions somc- 
tit& occur, resulting in the formation of undcsir- 
able degradation compounds. .\s the dcgrada~ion 
compounds build up in solution, the concentration 
of the functional amincs is twluccd. thus limiting 
the absorption capacity of the process. The dcgra- 
dation compounds may also contribute to other 
problems such as car rosion [I -- 31. foaming 14-61 and 
li)uling 171. Therefore, rou:inc anafyscs of p!ant SF- 
lutions arc conducted to dctcrminc th; state of the 
plant solution and to take rctncdiat actions for t’n- 
wring the dcsircd plant cl’ficicncy. 

Early attempts to analyse par” .y dcgradud 

amine solutions used mcthc?& such a?; potentiomct- 

ric titration IS]. acid titration and KJedahl total ni- 
trog,cn determination \4.9], fractional distillation 
and crystnllization [IO]. These methods wcrc pm-- 
ally unsucccssisfui owing to a lack af reproducibility. 
inability to scparatc degradation compounds, dc- 
composition of amincs and degradation :om- 
pwnds at devated temperatures and tong analysis 
times. Dcrivatization has been tritd as a means of 
m&ins the amincs more wlatilc. less polar and 
consequently more amcnr‘ e’ . to gas chromato- 
graphic (GC) analysis [i 1 1.31. Although fairly suc- 
cessful, GC analysis of dcrivatizcd degraded amine 
solutions suffers some drawbscks which wcrc out- 
\incd b+: Saha c*l al. f141. As a result. the tatter group 
dwcloped a direct GC technique using a column 
pa&cd with Tcnas GC. a porous polymer bawd on 
t.~-diphcnyl-phcn~lcne oxide dcvciopcd b> ‘van 
Wijk (IS]. Thus -ohrmn successfully wparatcd a 
misturc of monoethanolaminc (MEA). &cthanola- 
mint (DEA) and tricthanotaminc (TEA) in about 8 
mm. The use oi the Tcnax GC column was sub- 
sequently extended to the analysis of’ partially dc- 



or and connectors which cottvcrtrd tho t/J- and 11% 

in. (I in, = 2.54 cm) injection and dctcctor ports 
rcspectivciy, to the dimensions of the cnpiilury coi- 
umtt. They also provided ;t ntcans of aiding tnakc- 
up carrier gas, 

AIX\~YSCS of frd~ atId dcgt+t\dcd u\kitnol~\mitN SO- 
lutions wcrc pcrformcd by using the tbiiowinp foul 
columns under the conditions listed in Table I: 

(i)TcnnxTA packcdcolumn(9 ft. x l/8 in. I.D.: 
t ft. = 30.4s cm); pur&tscd ft+0t11 SLI~C~CO. Oitk- 
villc. Cntlitd;t): 

(2) Supcicowas IO, a polyclhylcnc glycol-basal. 
fused-silica, cross-iinkcd, bonded-phusc cupilluq 
column (15 m x 0.53 mm I.D., I,O-lm~ film thick- 
ncss: purchnscd from Supclco); 

(3) DB-W~X, it potycthylonc glycol-ha~d, f\\scd- 
silica. cross-linked, hond&phacc capillary column 
(15 tn x 0.53 mm I.D.. I .O -pm film thickness: pur- 
chased from Ctlrom;ttol?rupt\ic Spccistities. Rrock- 
villc, Cumtda). 

(4) HP-l 7. ;t 50% pltcngl mctl’13’1-polYsilosatlc- 
hits&. ct-ass-linked capillurg coluttttt (IO tit x II.53 
mm I. 13 ,. LO-ptn film thickness: purchascc! from 
Hc\\-lctl-l’uck;tt-d. AvotIditle. PA,, LISA). 



blc I1 nnd those in Tabtc III arc c~mmaxkt~\y avail- 
ahlr, and wcrc purchnscd from Atdrich (Milwau- 
kcc, WI, USA). Others such ns hydcoxycthyt- 
osuzolidonc (HEOD). hydrosy~thy~it~tid~~z~ti- 
dnnc (HEt 1, tris(hydroxyethylfcthyIencdiuminc 
(THEED) nnd bisltrydrosycthyl)imidttzolidonc 
(WEI 1. wcrc synthesized folkwing previously dc- 
scribed prolwdurcs [ 18). Some of the ntixturcs used 
wcrc prcparcd by adding known ntasscs af alkrtnol- 
amincs to volumcrric flasks and diluting to volutnc. 
When the primary objc&vc was to dontonstratc the 
ubiliks of the columns w wpuratc the omincs. the 
individual conct’ntrrrtions of the amines wcrc not 
dctcrmincd. 



and less polar HP-17 column was abic to ciutc the 
compaunds faster than the polyethylene glycoi coi- 
umns, column biccding commcnccd at about 200°C 
and was very significant above 240°C. This caused 
poor sqwration of the degradation compounds 
with high boiling points. The greater film thickness 
in the HP-17 column may have contributed to the 
significant bleeding obscrvcd. More generally, it ap- 
pears that successful analysis of partially degraded 
aikanolaminc solutions requires highly polar coi- 
umns. It is also noted that for the non-volatiic dcg 
radation compounds, the retention times in the DR- 
Wax column arc greater than those in the Supeico- 
wax 10 and Tenax TA columns. The reason for this 
is the lower tempcraturc limit of the DB-Wax coi- 
umn (230°C) as opposed to 280°C and 350°C for the 
Supcicowax 10 and Tcnax TA columns, respcctivc- 
iy. The higher temperature limit of the Supclcowax 
10 column ma> SC due to a different bonding procc- 
durc 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 mow suitabic choke for the 
analysis of partially dcgradcd alkanoiaminc solu- 

tions. Further comparisons of column pcrformanc- 
cs were therefore limited to the Tcnax TA packed 
column and the Supcicowax 10 capillary column. 

Figs. l-6 show ahrce sets of typical chromato- 
grams of aqueous alkanoiaminc mixtures obtained 
using the Tcnax TA and Supelcowax 10 columns. In 
both instances, the capillary column produced 
sharper peaks and better baseline separation, Low- 
cr tcmpcraturc programming may ciiminate the 
peak shouldering observed with the Tcnax column, 
but will rcquirc longer analysis times. As will be 
shown later, the dcgrcc of shouidcring obscrvcd 
dots not seem to aRet the reproducibility. 
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Capillary columns generally require smaller sam- 
ples than packed colmnns. In the present instance, 
0.2~jr1 samples were injLx;‘ted into the capillary col- 
umns as opposed to the 1 /II typically used for the 
Tenas TA column; no decrease in of sensitivity rc- 
suited. A further advantage of the Supelcowas 10 
column is its ability to handle larger sample vol- 
umes typical of packed cohunns, while still main- 
taining the high separation effcicncy of capillary 
columns (see Figs. 7 and S). The syringe used for 
sample injection was fitted with a Chancy adapter 
that ensured rcproduciblc sample volu~~w in all in- 
stances. 

To establish the sensitivity limits, and aqueous 
solution containing nine alkanolamines at concen- 
trations ranging from 0.01 to 0.05 mol/l (see Table 
VI) was analysed with the Tenax TA and Supelco- 
was 10 columns. As shown in Figs. 7 and 8, the 
Tenax column did not produce peaks for MEA and 
BHEED whereas the Supeicowax 10 column only 
failed to separate the latter. Further. the Supclco- 
was 10 column separated the remaining eight com- 
pounds. unlike the Tenax TA column, which could 
not scparatc DEA from MDEA or BHEP from 
HEOD. As degradation compounds usually occur 
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in low conccntrutions, the higher sensitivity cxhib- 
itcd by the Supclcowax 10 column is a significant 
advantage over the Tenax TA column. The ability 
to separate DEA from MDEA also makes the Su- 
pclcowax 10 column bcttcr suited for detailed anal- 
yscs of blended solutions of MDEA and DEA. The 
inability of the Tenax column to scparatc as cffi- 
ciently as the Supclcowax 10 colunm may be due to 
a net loss of sample, which probably arises from 
column adsorption. 

It is noteworthy that all the pcstks cluted had cor- 
responding intcgratcd arcas which indicated that 
thcsc compounds can be dctcrmicnd at the reported 

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

The retention times listed in Table 11 indicutc that 
the order of clution with the Tenax TA column dif- 
fcrs from that with the capillary columns. To high- 
light this dilfcrencc. the retention times of mono- 
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cthanolt~minc. dicthanolumino and their ulkyl dc- 
rivativcs using Supclcowas 10 and Tcnus columns 
wcrc individually detcrmincd using the pure com- 
pounds, and are listed in Table III together with 
pcrtincnt physical properties. For the Supclcow:~s 
10 column the clution order appears to be bust& on 
boiling paint, which. in turn. is influcnccd by the 
dcgrce of hydroscn bonding of the compounds. 
Thus, the alkyl dcrivativcs with higher rclatie mo- 
Iccular masses but lower boiling poiuts arc clutcd 
before the base compounds. Comer&y, the Tenas 
TA column shows an clution order based more on 
relative molecular mass than boiling point. The dc- 

grcc ofcolumn adsorption tnity also have intluenccd 
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 Tenas column is based on adsorp- 
tion on the porous polymer foIlowed by diffusion 
into the carrier stream. The rate of the latter dcter- 
mines the retention time and is influcnccd by mokc- 
ular six. boiling point and the strength of the ad- 
sorption between the cotnpound and the column 
material. The absence of significant adsorption in 
the Supclcowax 10 column may also be responsible 
for its higher sensitivity over the Tcnas TA column. 
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In order to compare the reproducibility of analy- 
sis, three solutions WI-C analyscd 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 dwiation for each compound was 
dctermincd from the conctxtrution values obtained 
in four construtiw analysts performed on the snme 
mixture. The only exception was solution’ 1. whcrc 
the standard deviations were based on the integrat- 
ed peak arcas. Typical chromatograms for solutions 
1 and 3 arc shown in Figs. 3 and 4 and Figs. 7 and 8, 
rcspectivcly. The results in Tables IV-M indicate 
that at high conccntratiotrs (Table I\;) the repro- 

ducibilities of analyses with the Tenax and Supelco- 
wax IO columns are comparsblc, except for the eth- 
ylenediamines (&HEED and THEED), where the 
Supelcowax 10 column ww superior. At lower con- 
centrations (Tables V and Vi). the degradation 
compounds (HEP, BHEED, BHEP, HEOD and 
HEI) showed better reprodubility with the Supe!co- 
wax 10 than the Tcnax column. The Supelcowax 10 
column is thus more reliable fat the determination 
of low concentrations of degradation compounds. 

Laboratory experience has shown that the Tcnax 
column could be used for extended analyses over 
4-5 months without any appreciable change in re- 

TABLE III 

ELUTlON ORDER WITH SUPELCOWAS 10 AND TENAX TA COLUMNS USING THE OPERATWG CONDITIONS IN 
TABLE 1 

:\I, Density B.p. Elution order 
(gan’) Pa 

Supckowax IO Tenax T.4 

Motlocth;rflolilmisc 
Mcthylaminocthatlol 
Dimcthyl;~minocth~~~~~l 
Ethylaminocth;ulol 
Dicthanolaminc 
Mcthyldicthaaobtllinc 
EtR~lriicth;tnolaniinr 
-.--.--- ____-- _.___-__-_ 

61 1.012 70 4 f 
75 0.935 159 ‘) 

0.887 ; 
2 

89 139 3 
89 0.914 169-170 3 4 

IO5 t ,097 I so 7 217, !ktlrtHg” 6 
119 I 246-1-74s s .038 s 
132 I.014 746-m 6 7 

._.-.-- - ---~~ ._ _-_ ------ ___c__--.-- ~-.- .- 



TAULE iv TABLE Vi 

REPRODUCiBiLiTY OF ANALYSIS BASED ON STAN- REt’RODUClBiLiTY OF ANALYSIS HASED ON STAN- 

DARD DEVIATIONS (SOLUTION t 101 = 41 DARD DEVlATlONS (SOLUTION f) (w = 4) 

_~“_ _--.._._,,___ -_-._. 

Cotupound Dwiution (%)” 
_ __ ---p-- - 

Tcnux TA SUpUlCOWi\X It) 
_______._ _.^ -- --___ _. _I__-- --. .._ 

DEA 5.19 h.25 
BHEED 11.33 4.95 
Bi-tEP 1 .I)!, 2.78 
I-iEOD SK? 3.75 
IlEi 2.42 4.90 
THEED 20.94 7.10 
t3liEi 6.83 5.10 

tcntion times and separation ctticicncy lI6-- 18). 
Judging from the reproducibility of retention times 
and separation cfficicncy within the 2 months dura- 
tion of its USC, the Supelcor?~,tx IO column appears 
to bc as durable as the Tcnax TA column. However. 
a more objective assessment of durability will rc- 
quirc subjecting both columns to unalysus of the 
s:nne solutions over the Same length of time and 
observing the changes irl rctcntion times and scp- 
aration cllicicncy. It should bc noted that the Supcl- 
cowax IO column is fragile and can easily bo inacti- 
vated through oxidation of the potycthytcnc glycol 
film. To prcvcnt this occurrence. the column ends 
should bc flame scaled when in storage or a con- 

l‘/\ULE \’ 

KEI’RODUC‘IHILlTY OF ANALYSIS UhSl:.l~ ON STAN- 
DARD Di’VlATiONS (SOLU1‘ION !r (rt = 4) 

stat flow ot’curricr pus must bc maintained whcn- 
cvcr the column is instullcd in the GC system. 

The Supclcowr~s IO colurn~~ can bc used for yuun- 
titativc analysis just like the Tcnus column. This 
involves the preparation of calibration graphs ob- 
tained from plots of’ pcttk arca I’CKWS concentration 
for standard solutions. The calibration graphs arc 
subsequently used to dctcrminc the concentrations 
corresponding to the peak arcas resulting from thu 
analysis of partially dcgrrtdcd ~tlk~~nol~~t~~in~ solu- 
tions gcncratcd in the laboratory and industrially. 
Such graphs prcparcd with tho Supclcowax 10 cot- 
umn for 0- 3.2 M MEA. 0- 5 i\ll DEA nnd MDEA 
and O-,0.5 A4 degrrtdution compounds such as 
HEOD. BHEP and HE! wcrt linear. 

The 15-m Supclcowas IO capillary column is 
about 2.5 times more cspcnsivo than the 2.7-m To- 
nits TA column. The conversion kit ncccssnry to 
use the capillary column in u GC system conligurcd 
for packed columns is an additional cost. Howcvcr, 
its the conversion kit makes it llossiblc to carry out 
both capillary and puckcd column analyses. this ad- 
vantngc far outweighs the initial cost of the con- 
version kit. Further. the superior analysts ofl’crcd 
by lhc capillary column should compcnsatc for its 
higher cost. 
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The durability o f  the Supelcowax 10 column rud- 
der extended analysis still needs to be tirmly 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 polyethylene glycol, can be u.,,c<i 
in place ora Tena× packed column for the GC an;.l 
ysis of  fresh and partially d-graded alkanolamin~ 
solutions. The analytical conditions that permi  
good resolution o f  mixtures of  amines have bcc~ 
established, although a lower initial temperatur: 
and/or temperature programme may sultice whc~ 
amdysing close-boiling amines. The capillary c o l  
umn provides better peak shape, maintains higher 
sensitivity, requires less samples and oilers a t'asic~ 
and more efficient separation than the Tcna,  
packed column. The higher sensitivity cornbincc 
with the generally better reproducibility o f  analys~, 
make the Supelcowax 10 capillary column more r,.:- 
liable than the Temlx column in the determination: 
of  low concentrations o f  degradation compound,  
This work thus extends the use of  capillary column~ 
to the GC analysis o f  fresh and partially degraded 
alkanolanaine solutions encountered in the clean-ur 
of  natural, relinery and other industrial gases. 
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