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Personal Background 4~ A faif

(1) Deputy Scientific Director of International Research & Cooperation (Europe/Asia) (since 2023)
B Bragt 50 5 A VR BRI 34 (B 1 )

- President X1 JINPING : represented the strong relationship between
Algeria and China in advanced research
and clean industrial applications.

AR 17 B 25 B A VAT o A 56 HERTF FURITE Vit T N 75 D 0 7 21 5% 2%

- Chinese Premier LI QIANG,

- Chinese Foreign Minister WANG Y|,

- French Minister for Europe & Foreign Affairs C. COLONNA:
represented the strong relations between France and China.

Official launch of France-China Carbon Neutrality Center, Beijing.

H E AP K 3L
V25 ] KR AT A0 A2 A S LRI - B B 0 S T
PR TIEEAM A EZ BEAEE SR FiEfx O AE R RS 3. (Nov. 23-24, 2023. Beijing, China )
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] B BE YR R A 1 it ) 22 CCUS 1 = A T
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CCSHY ey it &30 H 7 %2 (#5001 H /5 Hhu ity FH)

B e

(i11) Formal Member of France CNRS HydroGEMM for H, Energy (since 2022)

7% EICNRS HydroGEMM H, i) 1F 3 3 7
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Energy Vs. Green Development

 Balanced Life Based on Energy/Depollution Green Deal

FeF AR AR 052 5 P A0

COMBUSTION
ENGINE

European Green Deal
KR 2% € P03 (2023-2050)

Global air emission: Source
contribution (%)

Intake Compression

Thermal
energy
losses Total
energy
FUEL losses
ENERGY
100%

N M =
‘ FRICTION —_—

NICAL => LOSSES => TRANSM. 5% |

POWER 33% ROLLING ERG
38% RESIST. 11.5% : g‘ MOVYE
..... DIERDS THE CAR

AIR DRAG 5% AIR DRAG 5% 215%

Breakdown of fuel energy consumption and losses
In a passenger car engine [1].

T F 26 K ALK ORR) RERE AN e 40 E
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Internal Combustion Engines & Lubricants
» Key Fundamentals

Current Issues (Zg1[aJRR) :

- Short-term engine operation (heating/cooling issue).
RENNLIEIIEAT (InFA-7% 20 i) )

- Oxidation, low efficiency of detergency additives.

AL, RITESINFIRCRAR

Sludge deposition on elements
inside the engine [2]

World’s Most Powerful 4-Cylinder Engine (2024),

Mercedes-AMG M139 [1] -
o : . i ‘ . el

World’s Most Powerful 4-Cylinder Marine Engine (2024), blast-stricken Yang Ming container ship in Ningbo, (2024).
MAN B&W 14K98ME-C7 engine series [3] Suffering from cooling issues. [2]
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« Key Studies in Past 5 Years (i 2 5 4F 1) 3 ZLHf 5%)

feesho wastiieen | i S v Influence of surface activated
nanophase PréO11 particles

on the physio-chemical and

tribological characteristics of

SAE20W40 automotive

lubricant.

[ T. Bakaram et al. (2024) ]
EXxp.

2023

Num.

Transmittance [%]

Maximizing Lubricant Life
for Internal ~ Combustion
Engines.

[ S.D. Garciaetal. (2022) ]

Lubrication pumps for internal
combustion engines: a review.
[ M. Rundo et al. (2020) ]

Exp. & Num.
2022

Exp. + Num.

2020

2021
EXp.

Characterization and optimization
of innovative Nano-lubricants
under extreme temperatures and

Influence of  Lubrication Synthesis of complex pressures.
Technology on Internal polyolester as base stock for [ Ragui & Bennacer (2024) ]
Combustion Engine high-performance lubricant:

- Tt — — — — — — — — — — — 1 |
Performance: An Overview. i

[ A. Rahimetal. (2021) ]

Optimization, characterization,
and evaluation.
[Z. Liual. (2024) ]

i1 Our laboratory
— | Paris-Saclay Univ. !
I .
|
I

- -

Recycle

: 2024 @ Exp. & Num. i
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Key Question (3<% ] &R) :

Lubricant at 100 °C has a ) - Irreversible Oxidation at T < 140 °C.

high oxidation capacity £ T 140 9C IR A T3 AL
and quick decomposition

Unbalanced control mechanism of
engine-regime and life-performance

SN . - Acidity of oil, and Thermal dissipation under conditions of limit lubrication

o e B AR, H4RE - (209%)

O R - Tar and sludge precipitation i%g%ﬁﬁigg%iﬁﬂ%jﬁﬂﬁﬁ@ Jid
AL LT £ R I e - A%

- Trace water to worsen the properties (w)
T I R B K 2 PR PR R

Work’s Targets ( H ) -

a) Significant reduction in wear and power consumption with nano-lubricants.
it FH AN A 7 AT K a2 B 45 R T A

b) Reduce Oxidation by Nano ball-bearing effect, and formation of tribo-film.
A T AR BRA AN D 8 AL, I =




1. Introduction B3t 58

école .
o ere—universite @ E'E"HJEE;?HEE

PARIS-SACLAY

paris-saclay
Focus on goals (T4 BEEX L B FR) -
If can control oxidation - Form a life-time protective layer on surfaces. +35%  higher  performance
by Nano ball-bearing ERIET R LRI ) under extreme conditions.
and tribo-film : L :
N e - High strength lubricating film between pairs.
PRI P XY 2 ) R HEMS A T A (+35%)

DAL, TR R =

0.30

o] 1) Tz |
ﬁ:ﬁfgﬂwimﬂhumHi

S I IR HI N EERE
£ 0.10 4 TSt

“ 0.5 1 ilI”l I ?!fjg,:I [
0.00 [6]

50 100 150 200 250 600 800 1000
contact pressure [MPa]

/D B AN D) FE

If can control wear an(_j - Reduce temperature of bearings and gearboxes. Better control of engine power
power cor_lsumptlon with ) B8 AVl 7R RN U 6 AL S (5 - 12 9C) ) up to +28%
nano-lubricants o P 0.
AT - Decrease thermal dissipation and lost power. \ \
@»ﬁﬁ/ 1 J1 H @&ﬁﬁﬁﬁﬁﬂﬁjﬁ?ﬁﬁ (7% - 28% ) Eﬁ}i@%ﬁi%w/{iﬁfﬂ%z ("'28%)

0.14 nning-in  addition of
0.12
g o010

ey

0.08

ey

0.06

coefficient of friction

0.04
0.02

0.00

o 10 20 30 40 50 60
time [h]
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Industrial Nano-additives (TM/45K & 07

Liquid phase ‘

"l 7 Raised from thermally bridging nanolayer idea, a Nanofluid
o 7 model is based on nanoparticles and a base fluid (1995) Solid-like £
i Nanol
WA AR R F A P R Y (1995 4F) anolayer
20 7 1
.

0
10 20 30 40 S0 60
Size (nm)

3000 X YA T B SR % ———F- f

2500

Nanofluids

2000 7 — — Nanofluids compact/ mini/ micro heat

TEM of TiO, nanoparticles

Number of Articels

1500 \
1000
Acrtificial nano-additives . 500
admit spherical shapes g A
0 AT + = 1 * ¥« » T T TFrrrrrT7rTrToTrTrTr T T T T T T T T
SEM of Cu nanoparticles 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023

£z N5 BRIE . i i :
\/j\ EHRI T 23057 Literature interest in Nano-Lubricant technology
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Industrial Nano-additives (TM/45K & 07

PRI IR (, k) PI3E AR Thermal (k) [ | Dynamic (H) |
Common laws for nano-additive properties (u, k)

1.4

Model Property Formula 5 \0-29 L
Crel (prel ) 5{&60 _ - A
. . . . He Nu rel = Nu/ NU _ﬂrel p ‘3\6 _ -
Einstein model [100] Viscosity BL—= 14250 . el ta e((o -~
. . My ﬂ/ ,Ll (i“ - =

Mooney model [102] Viscosity Mer _ e% .

Hy . /
Krieger—Dougherty model [103] Viscosity B _ | _ 2725

M Pm
Nielsen power law model [104] Viscosity Hefr = (e fom )ﬂf
Batchelor model [105]. Viscosity Hoip = (1 +25¢+6.5¢ )
Maxwell model [17] Thermal conductivity kg _ %+2%k+2(k—k)e

ke ky+2ke—(k,—k; ) . J
Bruggeman model [106] Thermal conductivity qo( kkp;;:ff ) +(1— (p)( kkf:zfc;ﬁ ) -0 Eq.20 Num. ) ) 72 N effect

P e 084 —=. - Coupled
Hamilton—Crosse model [107] Thermal conductivity Lo = ko +(n—Dke—(n—1)(k—k, )@ 3 —— k- constant kinematic Visco p'e'=1 V-
eff kyt = Dk—(k—k, )t | - - A constant dynamic Visco v°=1 yl‘)a i S

where n = 5 ---+  —Y7— constant thermal properties p™'=1"'=C"=1 ¢ efféC[ = V
Wasp model [104] Thermal conductivity — ky _ k+2k—20(k—k;) 0.6 . | i | i | i | i :

ke ky+2ke—glke—k, 0 ) 4 ® 6 8 10

Bennacer et al. IJHMT (2014)
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Industrial Nano-additives (TM/4K & b05))

7 hrs 6 hrs 5 hrs 4 hrs 3 hrs 2 hrs 1hr

Issue: Nanoparticles sedimentation
during synthesis

IR & R R K ORI

Solions I (@73%) o  Bennacer & Ragui,Fr-La
KICp FEIEAIALE T 52 FAS AT e (R A A R P IR A AR R RN DR R AN AL MR T AR s 1
AN R [ 5] -] A 3 g

Persent (%)

TiO2/wate
0 ey

10 160
Size d(nm)

06

Ultrasonication time (Min)

PH control Surfactants Ultrasonic Agitation

High pressure homogenization

e SRR | ) B
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Achievement #1: New non-settling mechanism of aggregate Nano-Additives with self-thermal agitation
(model adopted in French/UK industry 2021 )

AT B IR S B R UK IS IR ANTT R AT LA (2021 395 /3 B MR A A A5 5X)

2-D Orcillatory Sow, A~ 1334

.. 3-DSpinl flow, A~4673

o —

Workpiece

. v i - :
IV
Esindans Ghycal, A~ 1334, Bar ~ 10° Zoomed snmlated soction
A 4673, Ray~ 081 10"

.

|
Labomia Exparmeats Van-Fd ot o, Exparmants

m

L L L L 1 L 1 L L L ! : ! L 8 —— Crifical transifion vaies, fsxp ) on Ai, Powm gt o [77]
" Usicalbelar Ao, 3T, fmure ) oo Air | Ghyrarin, YenFai atal. [177)7
Tovards Miuticalbular Sowr, 20, fmen ) on Air | Ghyrariz, YanFai e ol [177]7
1D Gacilatery S o Chaotic egima 1 v Ohucillatnry fow, -0, (mem) oo Glyserin, Vem-Fod gt al. [177]
:2:'-1!'-0'-'“'-'-'-:’— Emit 22 ED FT | Usicalihy flow, 33, () on A/ Ghycatin, Yan-Fed stal. [177]7
| E 4 ’—VU:::I".om:::x: Emit fr EQ! o 3D Spiml Sew, 3D (e ) on Gy, YanrTeieta [1“]

2-D smble fow, A~ 1334

Unicedbatar flow, (sap ) on Giyain, Yan-Fai st al [177]7
sealbal | = 3D Spiral fow, () om Chycarin, Vo Fed atal. [177]7

1 M B 8 + Multiplo stable steady solations, (mm ) oo Air, Yoo et [179]

+ —— Miultiple siable sheady sobetoms, (mum ) Mmshie gt ai. [180]

log (Tranation Rar)
-
1

Exp. Equipment i FH (5256 15 %
16 nanofluids fH 1~ 16 FhgKim 4

[
§

—— Critical transition vakues for Dsécaized Wassr
] + 4+ F5 o Usicsiole fow, Deicaized Watar
Tt 4 + 3D Spiral fow, Dedomized Waz
+
+ o+

+ Multicaltuber Sowr, Deicmizod Water
+  Oucilltery flowr, Dedomized Wartar

= e o+ o+

" . 4 —— Critical transition valuss for Bdndans Gheal
L »  Uicellclar v, Etfylans Giyoal

S S — + 30 Spiral S, Etlrpdana Ghycal
- + Mshticalhlar flow, Eiylsza Ghyecl

F3 & Onciliwory fow Etindans Ghysol

Key finding:

© wAsEmbtE b ot E
-...i ot o+

-

—— Crtical transition values for Ghoarm

- 15t record of intermittent 3D spiral & 2D multicellular flow
patterns for nanofluids. bt . | | e
4 8 & 10 12 14 18 ' Oscillatory florw, Ciruarin

A I B e = B 40 2 A R, - B ey

+ l}aﬂmmhfﬂmﬁ]

- 15t record of self-thermal agitation during flow dynamics.
RS N & SRz NS OIS K e S STE S

- Model extrapolated to nano-lubricant for engines.

Ragui et al. Flow Pattern Chart
for industrial base-fluids

Scazario of stabls 2-D Oucillatory Sow of Enging O, Scazario of 2-0 Oscillatory Sow of Giyoarn,
] A~ 12, Kag~ 10# ] A~ 1L Bar~ 410

T T A SR 4l K i 7 A 2, Ragui et al. POF, (2021)
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Achievement #1: New non-settling mechanism of aggregate Nano-Additives with self-thermal agitation
(model adopted in French/UK industry 2021 )

AT B IR S B R UK IS IR ANTT R AT LA (2021 395 /3 B MR A A A5 5X)

s E =1% o=4% 1deal su iom of =
Workpiece ,—.%Iu 50 {P[I ‘PD MWONT-EG nanopamrl:efbase uid / : 1%_?#
= . r Cu-EG 1.448
18 - » 5102-EG e
| A & TiO2-EG Agye, T 1334
16 Bisector of the first-quadrant /,, —
7 power of - ‘\" 1 1.226
14 - Nanoparticles class , - o
- . | T A 1128
Exp. Equipment 4 Ff {1525 4 % 124 iy L e
16 nanofluids f$H T 16 Fh4K i 4 10 SAE 50 - e - _+1030
Key finding: foos
10857
- 1%t record of intermittent 3D spiral & 2D multicellular flow — : : —rOfi8
patterns for nanofluids. " More than 10,000 dataused | >**
v y DN, o NI -+ 0564
B RO 3R] I = AR RR AN 4E 2 A R s A A f5F 7 10,000 ZA-EHE
- 18t record of self-thermal agitation during flow dynamics. T T 1 10°
12 14 16 18 20 22
ER/SGR N4 PSRN SEES SR S (Vies) s

- Model extrapolated to nano-lubricant for engines.

HEWT F 1 A BN LI GN K 1 77 s 2,

Ragui et al. POF, (2021)

Ragui et al. Non-settling Chart for Industrial
Nano-additives (key model in literature)
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Achievement #2: Reduce wear by formation of tribo-film, and Nano ball-bearing effects
(model adopted in French industry 2023 )

TBE o g A v B B K 8 N AN = B R B2 D BE A (2023 V25 B MR FH R4S ﬁ) Textured surface  Nano-additives

02 LUK b NIl
°e0°:"@°. ‘0°®y - cntl mugmt 0181 MWCNT- CuO -EG (5/95)
. B 7‘}— 016k MWCNT- CuO -EG (25/75)
- F \ . e MWCNT- CuO -EG (20/80)
rolllng mendmg ¢ \ S 0.14 MWCNT- CuO -EG (15/85) Rl g .
' o' 2@ |° . § 012 MWCNT-CuO 1 Without With nano-additives
e fil S 4| nanoparticles
polishing protective film @ Before cut-off !
¢ § 008 lubrication :
i ; 0.06 | IV - Bl -
e e Exp. Equipment i FH [ 5256 % % © UL L A, l 1
tribological properties oo4 N ! .
B a2 = A e [ AN ) 4L SAE nanofluids {1/ 7 16 Fhgl Kimifk 0.02} ‘
finding ey o Mg mechnm 51
Key finding: . based MWCNT-CUO-EG (15/85)
- 15t record of irreversible mending based on added nano-additives. _ e chome it | _
H T4 e = LT VVithout —— " Il With hano-additive
TSR A T GRS I AN r] 3z # L. § o os L UIEIRTHOIENE w R X I8, = ; bk
o £ <’ e LS A (Tribo-film)
- Improved loss-of-lubrication performance. SAE 50 % o0s TR PPy s iy ‘ !
LG RV B BB , >
. . 1
- Model extrapolated to nano-lubricant for engines. 001 I surfaces of disc specimens frictional tested
I

HEWT T R S AL oK v RS . 50 0 50 Toc Ragui et al. CNRS-France, (2022)

Time after oil supply off (s)
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Achievement #2: Reduce wear by formation of tribo-film, and Nano ball-bearing effects
(model adopted in French industry 2023 ) Moo bl bearing effect
o N L . SO i e ano pall-pearing errec
ER I 999 K e B R 255 7 R = PR 2 B D B AR (2023 v TR FHIIARE ) e

o’.-eo.-Q S e EE e iy . 018
: 0-17:
rolling ¢ mending 016
W
. e §015- T———'+’—_—4
S 5014- N rticl
polishing protective film §013_- anoparticle
] Lubrlcant Medium
0.12 —m— Ol wi : e JARS, s
. . 1 UL'/ m— Oil with 50 nm particle £3
leferent_mechamsm_s for Exp. Equipment {8 Fi (15250 5 4 o] e ‘:/u - Based on exp. condltlons
tribological properties ] ; RIS St
STIMIRN
@%%#%‘riﬁgz: ﬁ*ﬁ@ SAE na-nOﬂUidS ﬁﬁﬁ T 16 %EPZV‘]}Kiﬁ% 010 10|00 15Igg 20'00 25Ioo 3[;00 & 1 “ .
Rotating speed(r/min)
Key finding: 1.2
=~
- Recording nano ball-bearing effect with carbon nano-additives. 3 1
PR K TR A, T 09K BR AR A S os:
.. 06 . [ | = Dry-unlubricated 1
- Improved loss-of-lubrication performance. £ *®I1 | — Graphene-based composite
p=nlaeqyEaVag "G 0.4+ .
PE = I T RE (18 %). a‘;f self-formation [10]
_ _ 8 02 R
- Model extrapolated to nano-lubricant for engines. o -

o

HEWT F T R B ATL I Gl K S I 77 A 2, 0 '5i0 ' 100

Sliding distance (m)
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Intelligent Emission Control : £ g HEmEzE S| (F BAEEAT WK %2 2025/2026)

Exp. Equipment 15 F 115256 152 7% g: e .
§2s { i Measuring point <10t L h
AN N -+ X=-311.5mm aal — 0.1 L/min | |
by 1 0 45 60 75 %0 4 X=-273.5mm o — 0.2 L/min
TS0U T —a X=0mm 2F — 0.3 L/min | |
ol 14 === -
1100 -‘/f::\ {T:\\ A/‘ L‘A\ /::: Lo
SRR /ir.mwna W
Eepy FILVIOIE FY )
800 F 4 2O I S A - T - L PPEP i
i | \.‘ .‘5’ . ‘,»“ & No-.NO,zo% — 773k 0.8
Soot Particle ool o Ay % ' oer 1
In dpwnstrear DO NO»! No, 1oo%—£— 573K 0.4
= »f‘ftﬁf’\." ,1.",—;‘\{‘\ co’ cozsoxuo 2N, 20% -=—1473K 0.2r
Eliminating Soot particles in Multi-scale FAP Filter s s, oot s, ok, . . — _
o 2 s 7w s T-fluctuations o 1w Injection-fluctuations
/s
S Fa CNRS grant project No: 2019/33/B/STF4/01427
Key finding:
0,144 (m) L. : ;
wew - Pore-scale deposition Scenario of Soot nanoparticles.
Gt \ g 1 3
Cra— M LY S TR RN TN R Z T
Ls Epaisseur des parois 380 10 (m)
N _{Nomies e cam meen — -Full control of (Ap/m) under surface concentration.
Vi Volume total 000414 (m*)
s REHIFREIL IS T R
Psic Mass?\"almnlquedu c-al‘buredc silicium | 1800 (kg/m’) . . B . . .
EMG-FAS Full } poroie ol s prcss - De5|gn of ultrafine particle filtration mechanism.
Multigrid method Ragui et al. JHMT, (2018-2022) FAP dimension for experiments AR LU TR L
(Paris-Saclay University)
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Intelligent Emission Control : £ g HEBEE S| (B RE AT WK H %2 2024)
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Innovative Team Work :  Super Lubricant based a mixture of (CO,/nano-additives) for new generation of
turbines (China/France Project, 2023-2026)

T8 —ARAE LRI+ C BRI IR IR TR & V) B0 R Ve 77
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— = 035 I Synthetic Ester + nano-add (4/96
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Key finding: ol S 035
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- New super-lubricant reduce friction at break-away. D g 030
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- Less harmful to natural environment. B Stoke|  Short Long Short Long
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(i) Research Advantages (W 5T #)
- Provide a life-time protective layer on surfaces by using innovative self agitated nano-lubricants.
58 FH OB R B SFEGRIETE 7, R R A AERIPE.
- Improved loss-of-lubrication performance. Decrease thermal energy losses.
S EE T AR RE . D ANRET K.
- Better control of emitted soot and SOx/NOXx clean environment, due to a better internal combustion mechanism.

A TR T S B P BRI HILAR], BRI AR 0 A 4% A1) R 2 AT SOXINOX BUFEEG, - AT SEIE i A 85

(ii) Future Strategy (R AR ES)

- Combine China lubrication technology with that France/UK, with interest to Carbon Neutrality Market.
R e [ BT BOR A E S E R TEVE BOR S &, RTERR TP AT 4.

- Launch cooperation with Qingdao Petrochemical industry to develop new lubricant products.

55 BAEVETT B8 B v I
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Current Collaboration with “Aeronautic Hangzhou Base”
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Academic Partners Z= A 54k

UCAS University, China. 1 [E &} i K27, o
Tohoku University, Japan. H 4 % b k2

Paris-Saclay University, France. 72 [ 22 5% 7 55 k2%
Lorraine University, France. i [E & Ak k2

Cracow University of Technology, Poland. s &} 3 Tk, k%

Campania “L. Vanvitelli” University, Italy. & A F 0 Jé k2
Queen’s University, Canada. JI1 5 K 2 5 K2

University of Nevada, USA. £ [ P ik K2F

University of Manchester, United Kingdom. i [E £ 1] 47 K 5=
Imperial College London, United Kingdom. 3% [E] 4 50 [F 2 T %% F

Ex¢onMobil | [Ty 171 bp
i ExtonMobil
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4. Int. Collaboration EBr&1E

(#5 Best Global Univ.)
(#3 Best Global Univ.)
(#1 Best Global Univ.)
(#15 Best Global Univ.)
(#32 Best Global Univ.)
(#30 Best Global Univ.)
(#15 Best Global Univ.)
(#100 Best Global Univ.)
(#5 Best Global Univ.)
(#7 Best Global Univ.)

Collaboration with French/UK lubricant companies 5 v2: [E #1137 [E i 15 1 A 7] & 1F

SR (HE EE, K=, HA.)

Collaboration Ag reements
(with Univ. from
France / Poland / Japan ...) -
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BEIHANG UNIVERSITY Zhongfa Aviation Institute of Beihang University
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Nano-additives for Internal Combustion and Micro-Engines:
A Boosted Efficiency & Intelligent Emission Control
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