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dithiocarbamate) O BEEIEIHA~DKISMEIZE 53 2 52028 %, SR GEERRN 7 O EIEEEE % H TR
L72b0TH 5.

H BB AL, BRI IR COBERA 2T 5 72012 MoDTC 2% iMEn<sh, Ly
BTN b T AR T VA EWHINZ B E 2T L CBEE A R 5. F 72300 4F ClEsE S Ik
B 5B L ORI T BWE LT, L ) B e LT DLC KOBHAIHED LN TWwE, &
> T DLC EOEMIZB VTS MoDTC HIZRD M 7 A4 K7 4 )V A ZRRIGITTERR L TIREEZ 135 Z &
MIFRE SN TV 5 7%, DLC RO FEFEDIE S 1t h MoDTC Hisk b 7 A4 R 7 4 )V ADE S LA B &
CZDBEHEA N Z AN RATTREIEENICFHE ST, 2 2 TR Tl DLC o B E
L LTRFEHME (h/lc k) LERFEBEICEH L, MoDTC &AM I35 1) 2 BEREEE & O
A SN L7z, F UG GBEIETH 2 O lgE 2 v 2 & T, BEERIIER SN T4 R
74V ADRIER X ML % 2 D504 L7z

Wb iRFEFHEMELZATSHDLC K E L T taC (tetrahedral amorphous carbon) fiE® X U8 GNC
(graphene nanocrystallites) % H\v 72, $72 DLC A O&EEAm0OEEZHL 2T 5720, &8
D Ta (¥ 5N) %EERIZ F—7 LT Tadh taC (ta-C:Ta) B L U Ta &K GNC £ (GNC:Ta)
AR L7, STNHO DLCRIZH LI~ v altgiiiaito728 25, ta-CTalild Ta DEFEDOYE
I In/Ie e In L7z, —7%, GNC:Talilx Tao&AmICHDL ST I/l LS 1.2ETH > 72,
F7/221 50 DLC % W T MoDTC & A G T CRBIERBRE T o728 2 A, In/Icltd31.0 % LA %
DLC 2B W T 0. 10 EDREIRAZ /R L7z, TDEE, MoS: ) v F % I A RT7 4 VAHRH SN
TV ERE AT L WS e o lz. n/Ic D E W DLC EIZ 275 7 7 4~ O RKaR)s
i, R RIGE AR L L TIREBERIZH 53 5 MoS: DAEBAMEE S N7z L E 2 6N 5.

HRFIC T BT A R0 Y — 25 2024 F B0, B3



199

2024 FEHA N4 AOY 2SR ERHETEE
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RUTZLFLXZTUL— hREBARHOILESEUF N2k Shekhar F-
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I had the privilege of presenting my research at the Tribology Conference 2024, Spring Meeting, held in
Tokyo, Japan, under the auspices of the Japanese Society of Tribologists. My presentation, titled “Exploring
Flexibility Patterns in Poly (alkyl methacrylates) Friction Modifiers and Their Influence on Conformations,”
focused on the molecular behavior of polymeric friction modifiers (PFMs) and their impact on tribological
performance.

PFMs serve as crucial lubricant additives, forming protective films on surfaces to reduce friction and wear. The
thickness and stability of these films are critical determinants of PFM efficacy, influenced by the polymer’s
conformational dynamics upon adsorption. Bottlebrush polymers ( BBPs), such as poly( alkyl methacrylates)
(PAMASs), have garnered attention due to their unique molecular architecture, featuring long linear side chains
attached to a backbone. This structure allows for considerable design flexibility, as molecular parameters like
side chain length and molecular weight, along with external factors such as temperature and mechanical stress,
govern polymer conformation and functional performance.

Previous studies suggest that BBPs exhibit a clustering tendency, where side chains aggregate around the
backbone. However, how this clustering affects polymer flexibility and adsorption behavior under tribological
conditions remains an open question. In this study, we employed Molecular Dynamics (MD) simulations to
quantify cluster formation in three PAMAs—poly (octyl methacrylate) (POC), poly(lauryl methacrylate)
(PLA), and poly( stearyl methacrylate) ( PST)—each equilibrated in hexadecane. These polymers possess side
chain lengths of 8, 12, and 18 carbon atoms, respectively. Our findings revealed that shorter side chains
resulted in a higher number of clusters. The cluster count was a semi-quantitative measure of polymer
flexibility.

To investigate adsorption behavior, we introduced these polymers—initially in their equilibrated bulk
conformations—between two iron oxide surfaces and subjected them to shear conditions. Our results showed
that POC (with the shortest side chains) and PLA exhibited stable adsorption even after rotational
perturbations. Conversely PST with longest side chains, failed to achieve stable adsorption, instead adhering
only at their terminal ends. Although some prior studies indicate that longer side chains yield thicker films, our
findings suggest that under shear conditions, shorter side chains enhance adsorption stability, thereby
improving tribological performance. Experimental validation cited via research work of different labs further
demonstrated that POC and PLA outperformed PST in reducing friction, reinforcing the importance of polymer
architecture in designing effective PFMs. This study contributes to a deeper understanding of polymer
conformational behavior and its role in tribological applications.

The 2024 Spring Meeting provided an excellent platform to share my findings, engage in discussions with
experts, and receive valuable feedback from experimentalists, which has shaped future research directions in
this field. I am honored to receive the Student Encouragement Award and sincerely appreciate the
recognition of my work.

MR b T A RDT Y — 25k 2024 & WAL, B2L
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AWFETIE, ABEL YD OBEIRAMERM L HEERm L2 B LT, AX (Sn) AEHERIZE
HL7: SnidMBMZ2MESETHY HEEL Y VY HMZOr — LA FME LTERLI T
. @EPETIE, BULEIZ L o TR E TR OIS L ) #ERERINES 200, {LawiE
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LoE LB EA B L 72, 51%RI1ET 7 A F v RIROR#EIL R Sn 26 &ML & #IE{Ls X O
FHMOMEEIEDBRIE D EOMAT 52 8T, &5 7% 5 BEERFEOIRIE L EAL & T EPERE O] _E % 8
YA, T2, REOWMAMEE OAGEALIZ X HBIReEfE 2258, ABET T Lw)
B L) CHE, Le ) BlE, BfRRESRE CEET ABFE T U LE L 72 B 2 6 8L3
AR EDIREE HIF L TE2 #0252 FETH 5.
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NHEMEICERE L7z, [ 7 zfiug] #8100 32— —4 ¥ —7 = — ZDFFEIZIAT T, PSEUDO-
HaPTICHG # M L7-HERBC L DV AEL S [EA] BREOHIULIIEREL#E 72 5. AW TIE, ¥
TL vy MERDTA AT LA FIZFRENT T — Va8 TEIET BB12, $BOT) BBk LT
—VVOBBFEE;EENE L o TWREEIC [EVv] L) BNMEsFRES N Z L2 FHAT 5.
DX BB [EA] BEANODFWNSE L LT, ffod0 g, hdE, SEbmE, Bk
EDONFET — I DEAT B ENTFHEND 20, AL L TOMEREE HIEE L Tolzm
T =5 OWEA, S, SPAR [Eh| BRET EEMICEEMT2Z &2 HE L2, 22 TRIFFETIR
WERGWMHT 7)) r—2aryy 7 b2 BEIEL, BOBBEEEICHLTCT A AT LA Lo — VoE)
fEEED L2 (Control-Display ratio, C/D) #EEFETEBRTEX A L) I3k EL, C/D OZLIZ L 5 &
NDRERNIEATT Y, By, BEME L SOROBIERENIC G2 28 AL T2, 18
TS L FERREOM SRR & AR S 23 8C, AMEL L Ciiligd Zlhsesr 2 &
T, BUEHIBRER T2 B 1) 2 8O BEEE B KT TR O ZEIZ O W T E L7z

BRERTIE, C/DH1I DI — Ve IUTON— VL% ETFICHHERT LT 7Y 6L, %7
HHE R AW S 2 FO SHEOT I AR 25 7Ly M LICRELL. &R ETETON —
VIVERTATA L, X)) BERLWEOLZAL 2 HIE L7z, BIUEFHECIid, C/D%E T v ¥ o124t
BERPLERL, [EE] & [Re2& | OBREZFFEL 7.

BEEFERROMER A S, C/D oI, ) #ERA L, BB 2 @25 S .
T/, CAMESOREZVEABNIZE, C/D OB X 23X HE O A =R OB = AT
ENAHZ LYol T, BUEBOBRL DT XTOH T ARKEFIZB W T C/D okt
W [ES] EEPEINL2D, SR EoOERIZIZIEAER SN o7. —F, [Xz2% ] EREIRE
AR E DR EVERERF 1T & C/D OB X 2 HEI/NSL holz.

VXY, DEEng & BRI I 0 3 LS Mz H 5 LIRS T, 3X0) KEOFAMTRE A5 &
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TR REOWVEZ ERE L 721 MINE OB AR T 2 2 L ifF s s,
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KE B4 F (University of Coimbra)
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TR X D ESERE DAV F—ALICHFS T 2 HHEERIRLRIF OREI RO TV L, 2070
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o7 7a—FL LTLw ) B ORBMO S fE T m-situ THHT A2 EPEETH L. Jofrif
FAZBWT, EMRLMER O F L SVIEITIIEEZ RS Twb. L, Le ) BimosFiEEc
IR GA %\ ABIZETIE, BV REED D nm A7 — )V RE ORI % im0k
£ & Wiz L7z SERS #Hll 208 UC, A& it o L w 5 Birh oL@ iE B 2 872 2 i 2 1572,

PRI, B (R 70 2) B L e ) B2 Rta L 2ERICENEL, NV EVREAET LA
— R Y OMENEAT B 2 EAVREE Nz, T SERS O\ EERI S FEEIC X D HIBI L 728 RTH 5.
=77, EFRD (Z00) YR dLw ) Bl 5 SRERFEOBALEE E G L A VKRF L L— bAoA ¥
COO™ ZIEH L, ZotiEZ Le )BMICbMEFT 22 LTI ) YIRA e L7ENRE & L CTHkae
5T EAURIEE NIz, 512, Lw )BT - Lw ) B & $12, COO™ I bidentate DBCAZIERED SCHLHY
THAHZ EWRBENIZ. FATRICB VT, 2L w ) BT OERREOMEIZHE L TIANTH -
72728, ARWGED in-situ FHINZ X > TZOREDPWO THL N E R o7z,

Piko X912, SERS & Ml LA o L w 9 B DAL EERE AL D dn-situ FHNZ BT L7z
KFFETHW 22y b7y TIEBERIO X ) O FIFIENTIZ S 'k 5 2 LIRS 5.
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