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ABSTRACT 

A gas chromatographic method is described for 
analyzing commercial polymefized fatty acids. The 
method determines unpolymerized acid, dimerized 
acid, and trimerized acid. Involved is an esterification 
to the methyl esters, followed by programed tempera- 
ture gas liquid chromatography. Several years ex- 
perience with this analysis has demonstrated its 
utility as a tool for quality control and research. 

I NTR ODUCTI ON 

Dimer acid is the common name for the commercial 
product manufactured by polymerizing unsaturated fatty 
acids, such as tall oil fatty acids. It has utility as a 
coreactant in the manufacture of polymers and a variety of 
specialty chemicals. Actually, dimer acid is a complex 
mixture of structures covering a range of tool wts (1). The 
predominant species is dicarboxylic, dimefized fatty acid 
(dimer) with a tool wt averaging ca. 560. Also present a r e  

monocarboxylic, unpolymerized acids, (monomer) with 
mol wts ca. 280 and tricarboxylic, trimerized acids (trimer) 
with tool wts ca. 840. Properties of products made from 
dimer acid often depend upon how much of these species 
are present. Thus, an assay for monomer, dimer, and trimer 
is very useful for quality control of the dimer acid. 

Several publications describe the analysis of polymerized 
fatty acids. The earlier ones employ time consuming 
vacuum distillation (2,3). More recent ones use liquid 
column chromatography and gas liquid chromatography 
(4-7). The last two measure monomer and dimer concentra- 
tions, with trimer calculated by difference. Our GLC 
procedure has the advantage of measuring all three compo- 
nents directly. In our method, programed temperature GLC 
is carried out on samples after esterification with boron 
trifluoride-methanol. We have used this method successfully 
now over several years for monitoring dimer acid composi- 
tion. 

EXPERI MENTAL PROCEDURES 

Reagents and Apparatus 

Boron tri17uoride-methyl alcohol reagent: 25 g Boron 
trifluoride is dissolved in 200 g ice-cold absolute methyl 
alcohol. A detailed description of reagent preparation is 
presented by Metcalfe, et al. (8). 

Silicone septums: Silicone septums are packed loosely in 
a glass tube and heated at 320 C for 3 days while purging 
with helium at 20 cc/min. Septums are removed from the 
tube, cooled and wiped with an absorbant tissue. 

Petroleum ether: Petroleum ether is distilled before use, 
discarding a 10% heel (bp 95-140 F). 

Column packing: 100 ml Toluene solution containing 
0.6 g SE-30 silicone gum rubber (General Electric Co., 
Schenectady, N.Y.) is added to a 500 ml round bottom 
flask containing 10 g 100-120 mesh Gas Chrom Q (Applied 
Science Laboratories, State College, Pa.). The mixture is 
degased ca. 1 min with a water aspirator and immediately 
poured into a Whatman no. 1 filter cone. When filtration 
stops, the wet packing is transferred to a glass dish heated 
at 70 C on a hot plate. The dish is heated until  no toluene 
odor remains. 

Chromatographic column : A 4 ft length of stainless steel 
tubing (1/4 in. outside diameter, 22 gauge wall thickness) is 
filled with the packing. Both ends of the tubing are closed 
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with glass wool. The packed column is cured by heating for 
2 days at 350 C while purging with 50 cc/min of helium. 

The cured column is installed in the gas chromatograph 
and heated to 350 C. On cooling the column to 100 C, a 
recorder baseline shift of 35% or less of the chart width 
indicates a satisfactory column bleed rate. A shift larger 
than 35% signifies the column should be cured longer. 

The column is heated to 350 C and 5 /aliter of a 10% 
petroleum ether solution of trimer methyl ester is injected 
10 times at 10 rain intervals. This conditions the column. 
Then, a sample of distilled dimer methyl ester is analyzed, 
and the area percent of monomer, dimer, and trimer is 
calculated. The injections of trimer methyl ester (column 
conditioning) followed by the analysis of the dimer methyl 
ester are repeated until  the conditioning produces an in- 
crease in trimer content of less than 0.1%. At this point, the 
column is satisfactory for analyses. 

Trimer methyl  ester for  column conditioning: The 
residue is esterified from a wiped film evaporator distilla- 
tion of dimer acid with boron trifluoride-methyl alcohol 
reagent. 

Standard monomer methyl  ester: Monomer acids were 
stripped with heat and vacuum from crude polymerized 
fatty acids and esterified with boron trifluoride-methyl 
alcohol reagent. 

Standard dimer methyl  ester: A crude polymerized fatty 
acid was distilled in a molecular still, and the middle 
fraction was estefified with methyl alcohol using sulfuric 
acid catalyst. Area percentage analysis by GLC gave 0.4% 
monomer, 98.5% dimer, and 1.1% trimer. 

Standard trimer methyl  ester: A stripped dimer acid was 
esterified with methyl alcohol and sulfuric acid as the 
catalyst. A molecular still distillation fraction of this 
material analyzed 0.4% monomer, 5.7% dimer, and 93.9% 
trimer. 

Methyl  behenate solution: 0.4 g Methyl behenate is 
dissolved in 25 ml petroleum ether. 

GLC: Analyses were performed on a model 609 flame 
ionization gas chromatograph equipped with a model 50 
automatic at tenuator manufactured by F&M Scientific 
Corp., Avondale, Pa. Operating conditions were: injection 
port temperature, 350 C; detector temperature, 370 C; 
program start, 100 C; program finish, 350 C; program 
speed, 13 C/min; helium flowrate, 100 cc/min, air flowrate, 
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FIG. 1. Gas liquid chromatogram of methyl ester of distilled 
dimer acid. 
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FIG. 2. Calibration curve, relative response of trimer to dimer. 

350 cc /min;  hydrogen  f lowrate,  55 cc /min;  and chart speed, 
20 in./hr.  

Peak areas were measured with a mode l  CRS-40 elec- 
t ronic  integrat ion system, manufac tured  by Infot ronics  
Corp.,  Houston,  Tex. In this system, the signal f rom the gas 
chromatograph  is recorded  on magnet ic  tape. Then,  the  
tape is played back to an e lectronic  in tegrator  which is 
ac tua ted  manual ly at the beginning and end of  each area 
(see below). The m o n o m e r  and dimer areas are integrated 
using the baseline posi t ion just  before  m o n o m e r  begins 
eluting. For  the t r imer areas, only  the  part appearing above 
the tangential  baseline (Fig. 1) is integrated.  

Procedure 

Ca. 0.2 g (+- 0.01 g) sample is weighed into a 50 ml 
round b o t t o m  flask. 10 ml Boron t r i f luor ide-methyl  a lcohol  
reagent is added along wi th  several boiling chips, and an air 
condenser  is a t tached  to the flask. The solut ion is heated at 
ref lux tempera ture  for 5 min. After  cooling the flask under  
tap water  for 1 min, the conten ts  are t ransferred to a 250 
ml separatory funnel .  The flask is r insed once with 10 ml 
pe t ro leum ether ,  t ransferring the rinsings to the same 
separatory funnel.  Then 100 ml distilled water  and 40 ml 
pe t ro leum ether  are added to  the separatory funnel  and the  
mixture  is shaken. After  the phases separate,  the b o t t o m  
phase is wi thdrawn.  The top  phase is f i l tered th rough  
Whatman no.  1 filter paper filled wi th  anhydrous  sodium 
sulfate. The b o t t o m  layer is ex t rac ted  2 more  t imes with 50 
ml por t ions  of  pe t ro leum ether  using the same separatory 
funnel  and filter. The combined  pe t ro leum ether  extracts  
are reduced to  a vo lume of  ca. 2 ml by heat ing on a s team 
bath while blowing ni t rogen over the surface. This is done 
by evaporat ing most  of  the  pe t ro leum ether  f rom the 
solut ion in the  beaker,  then  transferring the remaining 
solution to a 2 dr vial, and comple t ing  the evaporat ion to 2 
ml. Af te r  adding 1 drop methy l  behenate  solut ion to the 
concentra te ,  ca. 4 #l i ter  this solut ion is injected into  the gas 
chromatograph  and analyzed under  the operat ing condi-  
t ions described above. 

Calculations: The peak areas, measured by electronic  
integrat ion,  are defined as fol lows (Fig. 1): m o n o m e r  area 
includes all peaks e luted prior to the methyl  behenate  peak;  
dimer area includes all peaks e lu ted  after  me thy l  behenate  
and up to the valley be tween  the dimer and tr imer peaks; 
and t r imer  area includes all material  eluting after  the dimer 
peak. (This is the area over a tangential  baseline [Fig. 1].  
The limits of  the  integrat ion area are at the points  where 
the baseline touches  the GLC curve at each end of  the 
t r imer peak.) 

The first step in the calculat ion corrects peak areas for 
response differences.  This is accompl ished by summing all 
three areas, then calculating area percent  tr imer.  Using 
Figure 2, the appropr ia te  relative response of  tr imer is 
obtained,  and this value is divided into the t r imer area to 
yield the cor rec ted  t r imer  area. Next ,  division of  the 
m o n o m e r  area by its relative response yields the correc ted  
m o n o m e r  area. Finally,  the fol lowing equat ion  calculates 
the wt percent  of  monomer ,  dimer,  and t r imer:  

A(M, D, or T) 
monomer dimer or trimer = x 100, 

A M + A D + A T 

where: M = monomer ,  D = dimer,  T = tr imer,  AM = 
correc ted  m o n o m e r  area, AD = dimer area, and A T = 
correc ted  t r imer area. 

Calibration: Six known mixtures  of  standard m o n o m e r  
dimer,  and t r imer  methyl  esters were weighed to have the 
fol lowing:  1-20% monomer ,  60-90% dimer,  and 1-20% 
trimer.  

The mixtures were dissolved in enough distilled petro-  
leum ether to make 10% (w/v)  solution,  and these were gas 
chromatographed  as described above. Peak areas were 
measured as described above,  and relative response values 
for m o n o m e r  and t r imer  relative to dimer were calculated 
by the  fol lowing equat ion  for each mixture :  

Ax  W D 

relative response of monomer or trimer = - -  , 
Wx A D 

where:  A = area o f  m o n o m e r  or t r imer ,  W = mg m o n o m e r  
or t r imer,  AD = area of  dimer,  and WD = mg dimer.  

The relative response values for m o n o m e r  were summed 
and their  mean calculated to yield the final relative 
response for monomer .  

For  each cal ibrat ion chromatogram,  the area percent  
t r imer was de termined  and p lo t ted  against the  calculated 
tr imer relative response to give a cal ibrat ion curve for 
t r imer  similar to the  one shown in Figure 2. A compute r  
was used to plot  this curve. 

DISCUSSION 

Good  precision and accuracy require careful a t ten t ion  to 
co lumn performance,  because the high operat ing tempera-  
tures cause substrate bleeding. The fol lowing precautions 
enabled us to at tain sat isfactory results over  an ex tended  
period:  (A) cal ibrat ion mixtures  are chosen with chromato-  
gram shapes similar to those of  samples analyzed;  (B) 
baseline shift on co lumn cool ing is no t  a l lowed to exceed 

TABLE I 

Analysis Reproducibility 

Percent monomer Percent dimer Percent trimer 

Type of Standard Standard Standard 
dimer acid Mean deviation Mean deviation Mean deviation 

Crude 32.1 -+0.7 55.6 +0.6 12.3 +0.7 
Stripped 6.8 +0.3 77.3 +0.8 15.9 +0.7 
Distilled 1.6 +0.2 94.0 +-0.6 4.4 +-0.2 
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35% of the  cha r t  wid th ,  t hus  keep ing  subs t ra t e  b leed ing  
wi th in  reasonab le  l imits ;  (C) a secondary  s t anda rd  (a 
dist i l led d imer  acid)  was ana lyzed  daily. The resul ts  
[percentages  of  m o n o m e r  a n d  t r imer ]  mus t  be w i t h i n  + 
10% relative s t anda rd  devia t ion .  Inc iden t ly ,  we have ob-  
served t h a t  when  these  percen tages  are too  low,  the  doub l e t  
in the  main  m o n o m e r  peak  has  d isappeared . ) ;  and  (D) at  
least  once  each  week,  a ca l ib ra t ion  m i x t u r e  c o n t a i n i n g  
15-20% m o n o m e r  is ana lyzed  and  m o n o m e r  relat ive re- 
sponse  is ca lcula ted.  (This is necess i t i t ed  b y  the  gradual  
decrease in m o n o m e r  relat ive response  over  a pe r iod  of  
t ime. )  

The  r ep roduc ib i l i t y  of  th is  m e t h o d  has  b e e n  checked  for  
several years  w i th  th ree  d i f fe rent  types  of  d imer  acid.  

Reproduc ib i l i t y  data  are in  Table  I. 
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