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Table3 1 1 Recovery of base oils by

16

continuous elution chromatography

using silica gel as adsorbent

Recovery (wt%)

Base oil
Pet. ether (16h)

Ethyl ether(3h) Total

1
2 4 6 8 10 12
Elution time (hrs)

14 16

3 1 1 Relationship between elution time

and recovery of base oils

A:Bright stockl® D Stanco base 150
B * Neutral 350 E ' Neutral 150
C:Liquid paraffin F * Stanco base 325

1 Neutral 150 99.6 0.4 100.0
2 Neutral 350 99.8 0.3 100.1
3 Neutral 500 99.6 0.5 100.1
4 Stanco base 150 99.4 0.6 100.0
5 Stanco base 325 99.6 0.4 100.0
6 Stanco base 2500 98.5 1.3 99.8
7 Bright stock 150 '98.1 1.4 99.5
31 2
Fig.3 1 2
Neutral 10 18
98 18
28 93 96
Neutral
99.5 99

Table3 1 2)
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Fig. 3 1 2 Relationship between elution
time and recovery of base oils

A Neutral 350 D : Gulf bright 150
B : Neutral 500 E : Citocon bright 150
C : Bright stock 150 F : Liquid paraffin

Table 3 1 2 Recovery of base oils by continuous
elution chromatography using
alumina as adsordent

19

Table3 1 3 The behavior of different

classes of additives on silica

1978

gel and alumina by continuous

elution chromatography

Z
e

Petroleum ether eluate

Class of additives

Silica gel

Alumina

W 0 NN s W Ny

[ e
W 0 N O U W D = O

20

Zinc dialkyldithiophosphates
2,6-Di-tert butyl-p-cresol
Polybutenes
Polymethacrylates
Polyalkenyl succinimides
Lead naphthenates
Chlorinated paraffin
Tricresyl phosphate
Barium, calcium phenates

Barium, calcium sulfonates

Overbased barium, calcium
sulfonates

Fatty oils
Sulfurised sperm oil

Methy!l laurate

Polyoxyethylene nonylphenol
ether

Aliphatic diester oils (di-Octyl adipate)
Alkenyl sebacates

Silicone oils

Metalic soaps of fatty acids

Lauryl alcohol

+ = * +

b+ o+ o+

+

+ * *

a)

a)

) ) - Hepovery [wil |
i Tl
1 Meutral ™o R4 LD 0.5 590
2 PMeutral LTI T T S W [ I
2 Bright smek 160 92.4 8.5 [y &5 8
4 Gulf beight 150 917 4.8 o 2. 0
& Clisean '-.-r-..d;h'. 150 93.& 4.7 1.1 52,4

Table3 1 3

— Additives are fully adsorbed on silica gel or

alumina.
Additives are fully eluted.

were fully adsorbed on alumina when chro-

+ Additives are partially eluted.

+

a) These additives

matography was employed with limited gel ratio.



Fig. 3 1 3
16

Table

Table3 1 4 The results of separation of commercial detergent dispersants

Recovery (wt%) Maximum amount
Additives Composition® for adsorbed on
Pet.ether (16h) Benzene(8h) Ether(3h) alumina 50g (mg)
A Calcium sulfonate+Mineral oil (57%) 56.5% 3.4 3.0 150
B Overbased calcium sulfonate+Mineral oil (53%) 51.5% 9.7 6.0 45
C Overbased barium sulfonate+Mineral oil (46%) 43.5 2.5 5.0 150
D Calcium phenate+Mineral oil (70%) 73.5 3.4 1.5 200
a) Compostiion submitted by manufacturers; b) Basé number (mg KOH/g) are zero.
(*) ®)
(a) ‘ (a)
(b) (b)
36 28 ‘ 26 IT8 l IIG I1'4 1'2 10 . 8 6 36 28 20 18 16 14 12 10 8 6
(X100em™") (X100cm™")

Fig.3 1 3 Infrared spectra of metalic detergents and eluates by continuous
alumina chromatography

A Calcium sulphonate Mineral oil
(@) Petroleum ether eluate
(b) Benzene eluate

B Overbased barium sulphonate Mineral oil
(@) Petroleum ether eluate
(b) Benzene eluate

The symbol Aand B are the same asin Table3 1 3.

All spectra were measured by liquid film method
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GPC
Fig.3 2 1 Neutral
Bright stock
99.5
10
10
GPC
GPC
Table 3 2 1
100
= 80
2
g 60 J
2 > 1 Neutral 150
& 401 2 Brightstock 150
[=) 3 Neutral 350
201 4 Neutral 500
L 1 i 1 1 ! 1 1 L 1
:\;100
~ 80 (B)
[0
= 60
S
< 40 1 Liquid paraffin
a 2  Vaseline
) 20 3 Paraffin wax
Jenklns 1 1 1 1 I 1 i L i 1
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Fig.3 2 1 Dialysis curves of lubricating base
oils and paraffin hydrocarbons
(A) Base oils
(B) Paraffin hydrocarbons
04 0.7
321

15 20mg



Table3 2 1 Recovery of base oils using

continuous rubber membrane

dialysis method

Mo,  Base ol H'T’E'FT Mo,  Base oll H""';:':;:T'TT
1 Mewiral 150 'i'Q"! B Maphthers SAE-30 95,0
£ Mesire] 350 BBl T Bright steck 158} 358
& Mewtral 450 SR H Gull bright sieck 150 [ R
& Mauotral BN 9.5 9 Citkeon 150 baga 35,3
_5 !:':.r.'. r.l:-_:l-: Ié['_:#: '?'!-E-_'._[I Sianzo hlst_%_‘-i_[_'l]

L

f The rehber membrane blank wes eorreeted for each

rezovacry ¢ ba=e ail.

Fig.3 2

3.6

2

0.2

36 28 20 1816 141210 § 6
(X100cm™")

Fig.3 2 2 The dialysis of basic calcium
sulphonate additive

(A) Additive : Basic calcium sulphonate+mineral
oil (liquid film)
(B) Dialysate : Mineral oil (liquid film)
(C) Residue of dialysis : Basic calcium sulphonate
(KBr)

® The characteristic absorption bands in Fig.3-’,2- 2
(A) and (C) are assigned to :
1190cm™!, 1060cm™" : Sulphonate (RSO3)
1450cm™" (broad), 860cm™': Carbonate (CO3;7)

GPC Fig.3 2 3

4,000 2,000

2,000

CM



(A)
Additive
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Table3 2 2 Dialysis of synthetic mixtures

(B)
Additive

UV 245 nm

0il

100 200 300 400 500
Elution volume (ml)

Fig.3 2 3 GPC of commercial metallic deter

gent dispersants

(A) Overbased calcium sulphonate

(B) Calcium sulphonate
Apparatus ! Jap. Anal. Ind. Model, LC-07
Column : Jaigel 2, 1004, 20mmX600mm
Eluent : CHCI,
Temp. . Room Temp.

GPC

80

Base o0il®
Found® Difference

No Added Corrected” (%) (%)

(%) (%)
1 93.70 93.24 93. 20 (—)0.04
2 87.40 87.05 87.14 (+)0.09
3 77.37 77.16 77.22 (+)0.06
4 64. 22 63. 96 64. 00 (+)0.04
5 49.81 49. 61 49. 69 (+)0.08

a) The recovery of oil by continuous silica gel
column chromatography was 99.6%. b) These
values were calculated from the recovery of oil
by continuous silica gel column chromatography;
c) Silica gel column chromatography of dialysates
was employed to correct the rubber membrane

blank.

1450cm t 860cm 1!

Table 3 2 2
0.2 0.7

99.6

Neutral
99.5



GPC

GPC

331
GPC

GPC

—/\ (A)

L 1 1

(B)

An

100 700 300 100 500
Elution volume, ml

Fig.3 3 1 GPC chromatograms of base oils
(A) Bright stock 150
(B) Neutral 150
Column : Jaigel 4 (25A), 20mmX600mm

Eluent : benzene, 3ml/min

332
GPC Fig.3 3 1 n
180 430 360
760
n
GPC
3 33

Fig.3 3 2
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oil (A)
| silfonate
1 1 1 1
oil (B)
o
< ‘ sulfonate
] ! ! L
oil (c)
l sulfonate v
; ; ! |
100 200 300 400 500

Elution volume, ml
Fig.3 3 2 GPC chromatograms of commercial

metallic detergent dispersants

A Neutral calcium sulfonate

B ! Basic calcium sulfonate

C ! Overbased calcium sulfonate
Column : Jaigel 4 .(251&), 20mm X 600mm

Eluent :benzene, 3ml/min

Fig.3 3 2

Fig.3 3 3
180 190ml

GPC JAl Gel 4
1,000

20ml

19 1978

A} ] | ! I | i
36 28 Zb 18 16 14 12 10 8 6
Wave number, x 100cm™

Fig.3 3 3 Infrared spectra of commercial
metallic detergent dispersants and
GPC fractions

A I Commercial metallic detergent-dispersant
~containing calcium sulfonate (liq.film)
B : Fraction 1, neutral calcium sulfonate (KBr disc)
C ! Fraction 3, base oil (lig. film)
The characteristic absorption bands in Fig.3-3-3
(A) and (B) are assigned .to:
1190cm™?, 1060cm™ eeeresses sulfonate (RSO7).

730
670 Fig.3 3 1

210ml
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GPC
CMC
341
1000 1200 1500 1900 Fig.3 4 1
70mg/ml
n
GPC
0.4 |
0.3
g
= 0.2
&0
=
0.1
0 I 1 1 L
20 40 60 80
Polybutene, mg/ml
Fig.3 4 1 Calibration curve of polybutenes
2,000
GPC
Kresse
3 4 2
1
1230 Key band 1230cm 1
Key band
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Opanol B 3 Base oil SAE

100mg/ml
0.0017
100 180mg
0.5
3 43
2
3431
Fig.3 4 2
n
2,000
Fig.3 4 3 800 1,000

3 4 3 2

0.5mg/mi

19

0.3

4 =
=
b
2

0.4]

0.3

e
o

e
—

1978

20 40 60 80 90
Polybutene, mg/ml

Fig.3 4 2 Comparison of calibration curves

a . Polyisobutylene HV-100

b : Opanol B-3

¢ . Vistanex LMMS

—-fAdded polymer

~-w=Recovered polymer (pet.ether-ethanol)

~-—Recovered polymer (pet.ether-acetone)

1300
1100 t Key band 1230 !
Back ground
100mg/ml
30 10
0.6
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0.4
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0.3} x/ (Table
/ 3 4 1)
- ®
=
= ok x/
g 7
X /
0.1fF // G C
L i 1 A1
0 20 40 60 . 80
Polybutene, mg/ml
Fig.3 4 3 Comparison of calibration curves 20
of liquid polybutenes recovered by
column chromatography fractional
precipitation method
(1) Oronite #32-Neutral oil (50 : 50)
(2) Polyisobutylene HV-100—
Bright stock-150(50 : 50)
~—&—— Added polymer
~—¥— Recovered polymer
34 33
NMR
10
10
Key band
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Table3 4 1 Determination of polybutene* added in commercial lubricating oil™

Polymer
No. Lub. Oil Added Added Found Dif.
(g) (g) (%) (%) (%)
1 1.3918 1.0358 42.7 42.1 —0.6
2 1.3980 0.7010 33.3 33.5 +0.2
3 1.5540 0. 4460 22.3 22.0 —0.3
* Opanol B—3
**Dia queen 10W—3CHD
351
Table 3 5 1
NMR
05 2.0ppm 0.1 0.2ppm
2.0 3.0ppm 6.5 7.5ppm
0.6 0.9ppm
Table3 5 1 Protonchemical shifts of chlorinated hydrocarbons in various solvents T
Chlorinated hydrocarbon
Solvent  cue, cen, ® ©)  cuciener cacer, ®) @) CCLCHCI CHCILCHCI, COlLCHC!
s+ URCL oy eney, CMCIGR “Chcher,en,or YOLUR LHCL COLCHEL
Carbon 2:2.02, 2.12 2'3.90, 4.00
tetrachloride % ¥ ygipglgoy ST 2T psesisgs &0 5.94 6.10
21193, 2.03 213.78, 3.89
Petroleum ether 7.15  5.17 bi5. 63~5.94 3.58 2.65 be5 535 74 4.18 5.82 6.01
211,80, 1.90 813.57, 3.67
Kerosene R R S S T B T vt (5 (O X 5.45 5. 66
Kerosenet 1 712 5.17 §é§§~ RN N X B L T B 5.82 6.01
Benzene 625 439 SLAB LS pe g5 2L EIL s 5.02 5.23
Toluene 620 44 BLO LN s 2ust R R 4.96 5.14
atl.46, 1.56 213.04, 3.14
o R s - S S U 0 L 4.85 .97
Xylene m- 615 441 D146 1S 500 paopp 2308 308 54 1.85 5.01
P 615 4a ELAS LI a9 a0 2R D s 4.87 5.0

1t NMR spectra were measured al the concentration of 100mg/ml solvent using TMS as internal reference.
11 Kerosene is paraffinic hydrocarbons obtained by sulfonization of commercial kerosene with 98% sulfuric acid.

1t Methyl proton of 1,1,1-trichloroethane was overlapped with that of toluene or m-xylene.
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Fig.3 5 1 The observed shifts of the CH,CH:2

46 (observed shift)=d (solute in paraffinic hydrocarbon-

and CHs protons of chlorinated
ethanes as a function of benzene
contents

benzene mixture)—d (solute in paraffinic hydroc-

arbon)

A 1 1.1.2.2-Tetrachloroethane
B . 1.2-Dichloroethane
C 11.1.1-Trichloroethane

CHs proton

CHCI:CHs
CCl:CHs

| T
80  100(%)

Fig.3 5 2 The observed shifts of the CHz

proton of chlorinated ethane
derivatives as a function benzene
content

(observed shift) =& (solute in paraffin-benzene

mixture) — 9 (solute in paraffinic hydrocarbon)
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11 1,
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1.0

A8, ppm

0.5

15
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&= CCLiCH:CI (OJ)
= _-~"CH:CICH.Cl
——
=
-
S
A
v
e

| 1 L 1 S |
20 40 60 80 100(%)

Benzene content in paraffinic hydrocarbon

Fig.3 5 3 The observed shifts of the CH2

proton of chlorinated methane and
ethane derivatives as a function
of benzene content

(observed shift)=0 (solute in paraffin-benzene

mixture) —d (solute in paraffinic hydrocabons)

A&, ppm
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Fig.3 5 4 The observed shifts of the CH proton

of chlorinated methane and ethane
derivatives as a function of benzene
content

(observed shift)=¢ (solute in paraffine-benzene

mixture) — & (solute in paraffinic hydrocarbon)

Fig.
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3 5 2

3521

NMR

C1
Ca 11
111
NMR
Fig.3 5 5 NMR Fig.3 5 6
4.46ppm
100
(A) 4.46 4 45
.J\_J \ TM‘ S
Pentachloroethane
1,1,2, 2-Tetrachloroethane 222227223 (B) 3.85 2.69
1,1,1,2-Tetrachloroethane = TMS
1,1,2-T richloroethane =]
1,1, 1-Trichloroethane [i6iicé3:]
1, 2-Dichloroethane =3 é £ i 3 5 I :
1, 1-Dichloroethane EERER pPpm
Dichloromethane =3
Chloroform ml ) . . . ’ )
7 5 5 1 3 Z T 0 Fig.3 5 6 NMR spectra of standard mixtures

ppm from TMS

ZzicH  ESCH. EECH: A 1,1,1,2 Tetrachloroethane 4.15ppm)
Benzylchloride 4.46ppm)
B 1,1,1 Trichloroethane 2.69ppm)
Methylbenzoate 3.85ppm
Fig.3 5 5 Ranges of methane,methylene and
methyl proton chemical shifts of
chlorinated hydrocabons in alipha
tic aromatic hyarocarbon solvent 11
1.80 1.90ppm

55 5.8ppm

6.81ppm



0.5ppm

3522

17

Table3 5 3 Determinationof1,1,1,2 tetra

chloroethane in standard

1,11 1,112

50

NMR
Table3 52 Table3 5 3

Table3 5 2 Determinationof1,1,1 trichloro
ethane in standard mixturest

1,1,1-Trichloroethane

No- Taken Found (%) 11 Ave.

(%) (%)
1 3.5 3.9 4.0 4.0 4.0 4.0 4.0
2 11.3 11.9 12.1 11.9 11.9 11.7 11.9
3 18.1 18.6 18.2 18.2 18.5 19.1 18.5
4 28.6 0 29.9 29.6 29.4 29.2 29.3 29.5
5 39.3 39.4 39.6 39.1 39.8 39.5 39.5
6 49.6 48.7 50.4 49.4 49.8 49.2 49.5

ai0.71; t51.59<2.78 (#5,s); 0°0.59; b0.998; 2,'0.80
<2.78(#,4s)s + 1,1,1-Trichloroethane was

determined using methyl benzoate as an internal
standard substance. 1} Peak intensities were

measured by peak height ratio method.

0.6

NMR

111

1,11

1,2
1,112

1,12

mixturest
T --'l_.l A .E-Tl-l:rl.l.'-_h'i':-l':l;'-h!ﬂ!
el T Fousd (%44 Ave.
(%] — — (5]

1 d 1 1.-2. 4.2 1.0 4.4 _-'.U_-'._:_
-1 .4 Ioud 10,% 11.1 1.5 10.4 109
3 .22 203 2004 H4 20T HLE
i .6 B4 M1 20,2 HME MR OB
5 #2001 35 T 404 BT 44 HE
] 4046 46.6 454 Z0.T 4B 0 42.3 474

allh BN R BT E TR ) ool A0 bidl BRED §52. 43

22 TEIEG T 1.1,1,2-Tetrachloroethane wae

detarminad using Beszyl chlorsde eg an intefnal

stardard substamse,

1 FPesk iniensities were

maaaared by integrator.

GPC
4 1
()
99.5 Bright stock
98
Neutral
92 94

99.5 98

Neutral

98
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Studies on Separation and Analysis of Additives in Petroleum Products

Yukio OHNO*
*Central Customs Laboratory, Ministry of Finance, 531, lwase, Matsudo shi, Chiba ken, 271 Japan

A variety of techniques have been, described for separating, identifying, and determining lubricant
additives. Among these, chromatographic method for the analysis of lubricating oils was the subject of a
number of reports. However, systematic method of collective separation of base oil or additives in
petroleum products have not been reported hitherto.

Under present tariff schedules, the content of petroleum oils is very important to determine the
classification of petroleum products. Many attempts have been reported to solve the problems by
developing a method of collective separation of petroleum oils or direct determination of additives in
lubricating oils. A new elution method circulating petroleum ether through the column continuously was
applicable for the purposes.

This review covers the basic studies of continuous elution liquid chromatography, together with
additional instrumental methods. Descriptions and evaluations of the methods were discussed.

The chief subjects included here are as follows :

1. Separation of lubricating base oils and additives by continuous elution chromatography
2. Separation of metallic sulfonates and base oils by rubber membrane dialysis method

3. Separation of metallic sulfonate and base oils by gel permeation chromatography

4. Determination of polybutenes in lubricating oils by infrared spectrometry

5. Rapid analysis of chlorinated hydrocarbons in petroleum products by NMR method

— Received Sept. 4,1978 —



