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in Gasoline by GC/MS
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Abstract: Manganese content is an important index to evaluate the quality of gasoline.
In this work, a new method of GC/MS was developed for determination of the manga-
nese content in gasoline using direct injection and external standard. Methyl-cyclopenta-
dienyl-manganese-tricarbonyl (MMT ) additive composition was studied, which was
used in Jiujiang subcompany production site of SINOPEC. The optimum conditions for
analysis instrument were determined by orthogonal experiment. The quantitative curves
of manganese in gasoline were established using ethanol as solvent. The method is
simple, rapid, sensitive, accurate, and the minimum detection amount is 0. 57 pg. The
relative standard deviaton is less than 6% and the recovery of standard addition is from
90% to 110%. By comparison with the atomic absorption spectrometry method of
Jiujiang subcompany quality control center, the determination results of the two meth-
ods have good consistency, the absolute value of the relative deviation is less than 8% in

the oil sample analysis.
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HEB 5 2R S E R, EE Bz PR IR
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TIOR3 L, BRI R R 2 IR0 S L v
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FR., BN REERAR, BRI TR Bk
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GC-17A 5 QP-5000 # GC/MS Bt I 4%
HABEATF T M.

A AN 99.999% ; MMT
FrRdt . B A 232~233 C,HE 25 C)H
1.38 g/mL, 4l E K 97 % ; T/K Z B AR 4t
1.2 XE&EHG
1.2.1 @iE&M4 A% DB1 AREH
HH (30 m X 0.25 mm X 0.25 pm), k& K
90 kPa, 741 O RE 250 °C, 48 O\ 230 °C,
1.2.2 JRi%%&H BTFHEBED TN BT
770 eV, KA R 15 kV, T B TEEm/ 2
33~350, FHH ARG 0.5 s, HHHEEE 1 000 u/s, I

i 1 000,
1.3 EHESH

MMT BE ¥l & RBSHEY . EhE AL
JULG AR AT G B I H, MMT i1
HFEH62%,15.6 CTHAMANEE R 115, AT
B 2 B3R 0 R B4 X AT 2 H Wi
MR BRI 41. 0 em/s, 43P ELG ¢ 1,47
AR 100 °C, P AR R K5 *C/min, £ 3R
9200 C,EHHWEETFHRESTHE L,
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Fig.1 Total ion chromatogram

of MMT additive used in the production site

Bl 1 7 50X N i R s TR 2,
MMT #5 fE#E & X B 9 B 3% B s T 18 3.
Xof £ W T 45 19 R 1% B AT R AT IR 458 RIS bR
HERE R R R, AT A MMT B30 B & i 48 45 5
KRFR,HP 1~7 5458 1,2- 22 %
RA-CH122ZHER - 8-2,3- " &
#.1,2,4,5- U I 1-27-2,4- "R,
PRI IF BB IR L U =R .

2 #REiTie
2.1 BELSBEEENHE

wE MMT B EWE FHERFHTER S
roixX# MMT HER S BEHRASZILREY
FFHE. B MMT ¥ i ma B e i » R R
REBIEMMEERE. 2 TS ERRE
SR 5 B A Y 65 43 B8 S5 1, 43 ) X W A TR
BIOREF[E] . — P FHR R 3 MR, KB 3 M
REGHEWHEMRIS FER 1, FEfiEE—
MRk 250 °C,454F 6. 4 min, 78 1. 2 &4
T RAANG LR HHERN 1 ul,


http://www.fineprint.cn

476 B ¥R H36E
100k 55 134
X
3
g 79
=
=]
=
| 50F
o
5 162
< 77 218
A 135
N L 93 107 | 163 190 219 245 268
T T
100 200
milz
B2 FERK_AZHREERER(BE 17 SEXNEARS)
Fig.2 Mass spectrum of MMT ( corresponding to No. 7 peak in Fig. 1)
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Fig.3 Mass spectrum of MMT standard sample

F1 EXHBERMER

Table 1 Factor level table of orthogonal experiment

PATE 7K & B g ¥ 5], 1 /] MMT #5 #F BiC
il 10 mg/L K5 im0, TR BB T MR U

N ~ BME‘? o (SIM)EX T #HITELZKE, U4 T8
" ?ﬂg/ﬁi Hﬂ‘ﬁl/ﬁmﬁin iﬁ%/(ilcajfi[n) /= 218 ) W g M B b R DAL 2R
1 60 0 25 ROA L) EXRKRMMERXR TR, HFIK
2 70 . 20 R 5 T B T m/z 218 W & 0 45
3 80 2 15 FIFE 2,
2 EXHRBARRABER
Table 2 Schemes and results of orthogonal experiment
RES Ex m/z 218 R /105
AWBEE/C  BHHBE/min - C—KIFHEEZR/(C/min)
1 60 0 25 9. 60
2 70 0 20 6. 35
3 80 0 15 4.20
4 60 1 20 10. 92
5 70 1 15 7.93
6 80 1 25 5. 96
7 60 2 15 8.79
8 70 2 25 7.91
9 80 2 20 4.55
T (B4 1 =R 2 FD 29.31 20. 15 23.47
I (%% 2 = RiRH =2 FD 22.19 24. 81 21. 82 T=1+1+M=66.21
I (P14 3 =R ZHD 14. 71 21. 25 20. 92
2% R 14. 60 4.66 2.55
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ABC BRI, Hom/> 218 MR IR
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WERBEMERFR:A>SB>C, HBEME

KFHE0.05, W AFRKEBE,B.CHEAR
BE. BEMRREREIGOMCE, HARE
T LR G EU 0 43 B L 4B B ) AR L O B
P, A BRIV EHAEG K ABC,H
FIRH 60 C, REF 1 min, — Ky FH IR H R K
25 °C /min,

R3 HESWER

Table 3 Results of variance analysis

S 2 H S HHE o WHEEV Ffg BEHE
A 35.54 2 17.77 58. 26 Zie¥=1
B 3.96 2 1.98 6. 49 g1
C 1.12 2 0. 56 1. 84
WEMEE 0. 61 2 0.31
Bt 41.23 8
2.2 RMPHEEET/EMERE PR ERSTT T,

16 2. 14T, FH AR 6 150 A
SEHTEERNE. FHHKRHAR4 MMT R
RS RN 24.43% ., % 0.041 0 g MMT #5
VR T 100 mL Jo/K ZEEES W » B 100 mg/L
) o VRV VAR 5 R 35 0 VR 43 S0 R R B 0. 001
0.01, 0.10, 0.50, 1. 00, 5. 00, 10. 00, 15. 00,
20. 00 mg/L WA EB R R, AT B T
W (SIM) e &, EBE FEESTE T
m/z 218, HB AT B A AR UE TS W43 51 2 3
WL BOPHME . S48, SR 04 i B g m R
HATE RN, TR % REABA XA, H 4R
BRI EHETER. 0.10 mg/L G HEE K
) SIM A #r ik B s T B 4, Hod MMT B £R &
AF A g 5. 621 min, A] DLiZ 4544 T XF 4 VA W

100k 5.621

Relative abundance/%

S

#/min

B4 0.10 mg/L FHRA R EH SIM 55 #7iE E
Fig. 4 SIM spectrum of 0. 10 mg/L

manganese standard solution
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Fig.5 Working curve for determination

of 0.001-1. 00 mg/L manganese

2.3 SHTUER M AR A T BR

TE 2.2 W&MFT R SIM 4 #r 6 1K
A& H 0.001 mg/L AR HER I, MMT KR
B3 B ] K 5. 639 min, ZFRAEVETEAE 6. 9 min Z
HIf SIM 43k s T 7. B a8 B B b W
REVE I E R TIE m/z 218, B R RE N
5. 8% 4 IR A I B (MDQ) 7 0. 57 X107 g
(EMEEL N 3).
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Fig. 6 Working curve for determination
of 1. 00-20. 00 mg/L manganese
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2.4 SWMAENEHRE

KA E DA A A L AR
THAE S B 5, B 48 & & 4051 8 0. 40 mg/L i
12.00 mg/L MIFE& . H4R & &K 0.40 mg/L i)
REGRIAE 6 IR, A2 B ARHEDR 22 4 0. 02 mg/ L, 4f
T AREDRZE A 5. 0%, AR BIRCRFE 9226 ~109 %
Z 18] e & B 12.00 mg/L BAE S I 2 6 1K,
5 F B HE IR 2247 0. 66 mg/ L, AHXT Fn HE i 22
5. 5% , Hibr I e FRAE 91%6~109 % Z [l .,

210 mL A&, 755 MmA 0.2 mL
0.7 mL 5% 2. 2 [ ECHI A9 100 mg/L HbR
HEBEW, ARG H5AMA 9.8 mL 1 9.3 mL
2013 4F 1 A 11 H B9 302 B CED R e 81 5%
AMERM BAE, 3024 (O MHEMNESE R
2.01 mg/L, W A BHMESESH N
3.97 mg/L 1 8. 87 mg/L, ¥ A F:F1 B ¥4
M RE 6 W, WX 2 ANEEM P& WS
fntREBORE:, TR R TR 4. SRER,
S A B R AR bR U 25/ TF 506, BTIERTE 90%
~110% Z 0], {8 F 2 J7 B X JUTL 432 7 b
RIMHEAT 4387, 302 # G CFD A SIM 43 #F
WEER TR 8, MR 5Ly A iEF
O B R T W U 6% v CAAD B 20 45 3 AT 1k
XL AR TF R 5. PR B 5 A E XTI
] UL i 434 5 VR R BT HORE 0 TR

SHAENREESERE

Table 4 Precision and recovery of analysis method

HRR/ g

AR AR 22/ Y% ] % / %

AIRE e Pic 18 ENE

P E

PR 22/ pg

19.7 20.0 39.7 41.7
41.3
38.1
39.1
38.5
40.7
88.7 88.4
87.5
95.0
91.2
93.6

85.1

39.9

1.5 3.8 110
108
92
97
94
105
3.8 4.2 100
98
109
104
107

95
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Fig.8 SIM spectrum of 302 # tank (upper) oil sample
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£ GC/MS B A |, XF LT 4y A Rl A& 7=
B3 Bt 48 B B MMT B30 41 43 38 47 A, AR B
5 U BT A5 T3 T 1) BT 45 B TR B A A S

K g, AT AHIZ MMT Bhf B & 41 e AR R 35 0% .

#EF—& GC/MS B AL L, R A IE 323K
WA T A B SRR 40 A 54 . SIM =i
L MRk E R R TR S EHITNE. %
FiERBES SRR PR 0.57 pg; kA
fER B, B IEAT R g 15 min; #Em & D,
RN L, BB 5 BB T S R, X IR 4R
T, URF AT K CEERER . RAR
afi MMT #rke, R &80 24. 43%, B — &
B[R R BE W B AT TS R . SR IR M T 13 7
BEvRmPTEN R I/EME. RBEERER
B, TR ER R RS ER RIS
RN AR bR v R 25/ T 6 26, Jindw BTl
RIE 90 % ~ 110 % Z [ ; i a3 5 YL 432 7 i
Bl AA IEFEAT HE XTI, SRR 2 BT B AR X
TRE4XHENT 8%,

F5 NIIHAABRKBPESEHSH

Table 5 Manganese content of gasoline in Jiujiang subcompany

HmE '/ (mg/L)
F5 BE AR SR BE B 8] 2/ (mg/L) AR 2/ %
GC/MS AA
1 3024 6 (H) 2013.1.11 2.01 1.9 0.11 5.8
2 302 4 B (4 2013.1.11 2.14 2.0 0.14 7.0
3 302#HCH 2013.1. 11 5. 89 5.5 0.39 7.1
4 303 # B 2013.1.12 5.03 4.8 0.23 4.8
5 304 # fECE) 2013. 4. 28 5.71 6.0 —0.29 —4.8
6 304 # () 2013. 4. 28 6. 29 6.6 —0.31 —4.7
7 304 # FECT) 2013. 4. 28 6.89 7.1 —0.21 —3.0
8 317 # AR 2013.5. 12 5. 82 6.2 —0.38 —6.1
5 P AR RO SR BB MMT 4b, W] BB iR A 3 2002.

I R EA (CMT), AT B il CMT 45 #E ¥
WL UHEGTE T m/z 204 MEHEVHER
AR LR, 76 T 35 7 I A S B, [ A
RF m/2z 218 fl m/=z 204 B NEEE TH1T 4
BT, AT 3R 15 7 e 1 A e R MR
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