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Preparation of nonylphenol polyoxypropylene ether ethylenediamine and
its cleaning performance
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(1. Sinopec Marketing Research Institute of Applied Technology, Tianjin 300384, China; 2. Department of Quality,
Health, Safety and Environmental Protection, PetroChina Research Institute of Petroleum Exploration & Development,

Beijing 100083, China; 3. School of Chemistry, Tiangong University, Tianjin 300387, China)

Abstract: In view of the problem that traditional polyether amines are mostly amine —terminated polyoxypropylene/poly-
oxyethylene ethers and lack oil-soluble hydrophobic groups, nonylphenol polyoxypropylene ether (NPPO) was
used as raw material to prepare nonylphenol polyoxypropylene ether ethylenediamine (NPPO-EDA) by the
leaving group method, and the synthesis processes were optimized. The structures of intermediates and products
were characterized by FTIR and 'H NMR. The improvement effects of gasoline blended with the detergent NPPO-
EDA on the power performance, fuel economy, emission performance and detergency of a direct injection engine
were evaluated by bench tests. The results showed that the optimum synthesis conditions of NPPO-EDA were as
follows ; the molar ratio of intermediate NPPO—-OTs to ethylenediamine was 1 : 6, the reaction temperature was
100 °C, and the reaction time was 24 h. Compared with conventional gasoline, gasoline blended with NPPO-E-
DA had a maximum torque increase rate of 1.88% and a fuel consumption reduction rate of 1.91%. Its emission
performance indexes were lower than those of conventional gasoline, and the average total hydrocarbon (THC)
emissions and the average particulate matter (PM) emissions were reduced by 24.31% and 33.52%, respectively.

Key words: gasoline detergent; polyether amine; surfactant; nonylphenol polyoxypropylene ether ethylenediamine
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Fig.1 Synthesis mechanism of NPPO-EDA
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Tab.1 Related information of test prototype
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Fig.2 Structural characterization of raw material,

intermediate, and product
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Fig.3 Structural characterization of NPPO-OTs obtained at

different reaction times
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Fig.4 Structural characterization of NPPO-OTs obtained at
different reaction temperatures
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Fig.5 FT-IR spectra of NPPO-OTs obtained with different

feed ratios
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NPPO-EDA i b 7. HH JE A Ue o 6 Lb Al 1T, BORFEE IR L
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UK F HAb SR X 0, H 6 = 7.73 b A ie 8 i
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'H NMR spectra of NPPO-EDA obtained with different

feed ratios
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Fig.7 'H NMR spectra of NPPO-EDA obtained at different

reaction temperatures
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Fig.8 'H NMR spectra of NPPO-EDA obtained at different

reaction times
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Tab.2 Effect of additives on torque at different rotational

speeds
e ) Bio
S T T e T T e
(N-m) % (N+m) %
1 5050 3239 329.3 1.67 328.4 1.39
2 4500 346.5 351.9 1.55 350.8 1.24
3 4000 349.7 356.1 1.85 355.3 1.60
4 3500 351.0 355.9 1.39 355.7 1.34
5 3000 354.3 359.5 1.49 358.6 1.21
6 2500 356.3 361.4 1.42 359.7 0.95
7 2000 359.7 366.5 1.88 363.2 0.97
8 1550 346.6 351.0 1.27 349.8 0.92

M 2 AT AR, FEAD AT RO
FHHEI A2, SR LU AR O F R MAZE R, B E
eI ThE  HAEAR TR E ETHEHE . XRY] ERI
HE I NPPO-EDA Xt i & shflsh e BA —E
MIRCR , BAE S el N RCR I 3. XTRimQ 5
BRI RHLUE RS R, AT Rl i NPPO-
EDA X HHA ST A0 T 85 R v 7
2.42 K BhARK 0 ZF AR R

NPPO-EDA X % sl HLAA i 28 T P A HE P RE A4
ML R ANER 3 Fs .

#& 3 NPPO-EDA M BB MFEFHEA IR0

Tab.3 Effects of NPPO-EDA on fuel consumption per

100 km and emissions

WiH THFE/ HEHE bR/ (g km™)
(L-102- km™) €O THC NO, PM
RO 9.132 13.62 7715 2042  1.078
FRIMD 8.957 13.62 5840 1.846  0.716
FRIMB 9.018 1354 6264 1926  0.873
PRI ILE /% 1.91 0.00 2431 959 3352
PRI /Y% 1.25 059 1881 568  19.02

H e 3 AT LI R A R 3 g v R sl
RENHLE N BINMFE N 9.132 L; %31 NPPO-EDA Filti
R S, B B EE 2 B F% = 8.957 LAl
9.018 L, FIR 514 1.91%F1 1.25% , x F B AE i
NN 1 500 % T FRAR & s LRI T #E A — 2 L
e, H NPPO-EDA X} & S LRI 2 5 M bR 1 Bl
SRR T B R N . R 3 BARHEICKE
SR IRNNTE Ve AR AR EL , I8 I vn) A Rk A%
TR S HE R REFE R I8 BT RRAR . S5 iR T 65 SR ke
TH RG-SR AR L, @5 5%t THC (NO, T PM
FHEBEAR R I TS B0, e BIAE TR as
NPPO-EDA XF A& shLHE B A B RUR
243 K ALK 3R B AR AR AR

NPPO-EDA X & sl AILsE i #5% 2 1o ALk 114 1 B P
BEZE RANE 9 iR

(a) AFPRAS

'f Q &

(b) RT NPPO-EDA 3217 40 h

(c) BB EE 574K 0.1% NPPO-EDA 3217 40 h

B9 ZREBimRRERRE
Fig.9 Surface photos of engine injector

1119 AT K ShHLIE AT A, JEmEh & 2 H s s
TERBRAFAE 5 R JHA B 50 /933247 40 h )5,
AT e R T X B BB R s SR S o
5385 0.1% NPPO-EDA HJIIIFEARNR T80 iz 40 h,
WL AR 1A {UA i R (R , R W] NPPO-EDA B Ay
RAF AT BRAR B MR BE .

3 4

AL VL T BB TR A N M ik (NPPO ) R Jsk ok FH 5
I A & NPPO-EDA , R FHZL AN FA% i 347
QSRR T AR R, AT AT L4
4, I B BRI ERSE TRl S i NPPO-EDA Xt
ELWER ShALBh 1k SR A HE R BE LA B3
PRI RZIA , AR AR 4518

(1) BANPPO Ak, Sefm 55X ORISR &
TR, BRI 4 T NPPO-EDA; il £ b [E] {4
NPPO-OTs FUEAL 25} NPPO 5 TsCl okt = 1+ 4,
SV 10 °C, RV BFRIR T 24 h; il 479 NPPO-
EDA MEAL SR NPPO-OTs 5 2 gkt = 1 -
6, SV REE 100 °C, S i E] 24 he

(2) NPPO-EDA 1A 7505 4 500 % B & 2
BLB 1tk ORI 2 1 HERCTE BE L B3 B R 1 g
P S0 G NPPO-EDA AR IMAE A 56 3R A
B TR G R R, A P2 TRt ] ik
1.88% , H. iy e o B A5 R B B 25 S in NPPO-EDA 5
F G, s T RS AL BRI e B 1, A 2 LI FERE
&7 1.91%,NO, . THC 1 PM Z:HE M8 An A B & F
R 5 LA, NPPO-EDA R i 5 A& shA LIS il 25 25 i Rk
HA B EE R
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