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LM®6 alloy USV-Tesile properties

180

160 |

120
100 |
80 |
60 |
40 |
20 |

—5 mins USVY
=10 mins USV
~——15 mins USY

True stress [ MPa)

20 0 0.01 0.02 002 0.04 0.05
-40

True Strain

JAegIfTS U & AT & TP BaRE & ®U H LM6 Al-Si fist &g &1 a=aar ot

LMG6 alloy after UV -Hardness

80
70 - T —
&0 : ! 1 .4
ﬁ 50
=
40
5 | |
= g t t { 1 —#—Hardness | HY)
20 t + i {
10
]
] 2 4 [ 8 L 12 14 16
Time [ mins)

oIS U DI AT S P BRI S ®U H LM6 Al-Si Fis1 a1 1 Holvar [ur

w—er vgfafaw s arg suifece
TR A fSTURATgS Bl 5083AI-TiC BT HUIfSe 9 & [0 SRATA fhar 11 B |

el U BUINIE &1 egMAIME ITAR IHD ST I Ugel (6T Sl & | 39 a7 | dfgaq 4
P HelTd B ThHudr 3l & vd yaref § I=1a f$ift S werdr aik wifed st 2 |

ol . oy







vt s g1q 5083—10TiC HUITSIC BT & AT

s g1g 9 FUIfNic @ IegMING SUAR & Ugd U9 918 & I o

garef NG aed | $9IRIT area | HolRal, (HV)| ®eidr, (HV)
(MPaa) (MPaa) Jegrf® | Segrifae
S G RIIRED eI SUOR © | SUAR ® 914
SUAR @ Ugd |SUAR & 915 H gal v
5083 Al 236 439 63 80
5083 Al - 5 wt % TiC 251 421 74 82
5083 Al -10 wt % TiC 277 416 92 93

A1 faaver vty fiseng aftas

AT — T HoT AR gegfAteE s arg Afcad afs e @ fo e fAeRid R
HIRSIT AHAID fABRIT DI TS | 39 dh-Id § HUT A Afgad § 81 el 91 dfeds vegfafram
Tl & Rics Uelcd @ A1l 10—30 URIRI WR YHIAT ol & AT ey 9ird ¢ | $9 Uoled 9
AR st a1g gera) SR—R T ST 8t § fAerd 2 ok Wl fosar & Afges # faaka
B O 2 | 399 AT &) gew ke 8RB 8, 3R aftas & o § e g @ R
IRUTREHT fSORAES B @ 41 3THR AW € | SaEvvl & fov HRIRia fRies ¥er # 2030
Afererd @ gfg, dael T 9R YR UgHIAT $HOT ST 4 AN Ud 6o Rdl U gs | fSwrdiss
BT 41 ATBR B B D BRI I WS YRURTTT AT garelf &l Jorl H 98ar hiHfdfore wed

=

ol . o
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S—dY THATHIT

TGHIIH IR I R8T aTall 1 §—HU TEBRY & §RT THHRU & TN {$hy 7T & | T
- STS URH GeToT & fory arll 121 | arRfe aRemmdl | ged a1 e SR qor 4

JER 37T, ST o SATERIP 2 |
Effect of ECAP on Pure Al

Pure Al before ECAP 20
(homogenized)

Pure Al after ECAP 32
(1** Pass)

Pure Al after ECAP 38
(279 Pass)

(a) (b) (c)

TR &) Yeudaaqr (31) —3U @ Usd (d) I—DY D 916 HH
Arfafbeye A() DU @ 915 3Ifte Arfafboye o

o® . 25
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I wftn SR S=a aroE Rer bt /gq g it fis arg

I~ ACTHIETg S AT T TR AfRT SIIIART Bl JTeIehell & ol I=d fth uaref
& fdmrr & forg st a1q & 789 AIShI—gcd BT STell ST & | 3! faRyarsil arefl ged |Ran
3IR =1 ERIIT ATl & BRI 37T S Afth o WIS SIIIAN & T SUGh a1 2 | 39
ferem # AR vafafem fst argell wR MR ARl e & fore yams s i <@ 2 | 34
e & uered g9 & forg srar fafer/s=a Sott e fafel T uftrar soers St 2 ofik are o dHa
ArsshIda/RIRY wiroar RieRT da-te gRT fohar ST @ @R fgdae fawuor ) forar sidr 2 | s<a
2R W—TelT (2024 31R 7075) U 481 €T UTSSR I e & oIy SHHTe fhdm 7 7 |
a3 (foeT et 5 gQ) & URFTS STfieeqvll # SrepTRas!, =T, Wureaar 3R RicRer o Sire @l
T | A ATE], 2024 B A SECIA B AT U <ifha argise | Uah icier e | a1
TN | AT BT Uh A g1 H ASTT—3NET UlshdT & URFAICR & e 8o AIaH UR SarT 1T |
T @1 T & 6 7 <419 & SR o1g @ g9 gfE g8 | 399 oraran, st ang # Sea e
BT IoTE ¥ fheed SMHR d8d HH Bl 1| Sgcad M3 vgffes s a1g 7 Sea (~100%)
T H¥ RICRAT AT IR &9 Ta1d IR 1 9T &< foram | (130HV) 2024 51 a1 71 Reafay & forg
S Al BT BRI TR (70—80 HV) BT TAAT H BIhI 3Afeh AT | 2024 DiFide BT gt fawmuor
SRIRvINES

—+— Pure 2024 -8 2% TiFe —— 5% TiFe — 8% TiFe

o
=2

5
7
/

Crystallite Size (nm)
8 8
p—

0 5 10 16 20 25
Milling Time (hrs)

fafd T 99w se & 91 fheed IMdR

ol . oy
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ol sy & fog ol Wagefia v a=fes smar wfa
ARRN vd IuaRvll &1 fSorse &k faera

HUAATGAR— TR, AT & AL H 12 I GFauig AIoiT & I bR Tl A
Hecayol &=l § 9 Ush & | 59 ey H g Tafdfel & Ty () |Aeeiyor 3R srhr W |l &
Y G BT fABr (i) NI JTET iR S1ferep Haaeiiel sdR Ff ATl &1 fdbr | 3R T
AT & Y HEBRUN & FIIVUT & oY JT fby off R 7, O R [gfcr st »i iR
ATHR Wi I8P ATHR Ffcr Fsreng UIfsie & | IRUM & dR IR TR, ©Ic iR wid & wY H
Ueei BT PR Wi AT Ul B4 D1 SHNE ¢ | MHR Hid [As7eng A dieiergy ucsh a1 &
forg ot v fpar ST ' § |
ffee— ergerm (Ni-Ti) smreR wfa Fiseng wiv

A= | (50—80%) @ M—3TAITS Ni-Ti thi¥ UTdSR €A & §RT I TV | FREaT b o1y
AR FRIBEFE (NH,HCO,) &1 SUART T TT 8 | BIH T 3P 3R 3MHR (50 A x 50
. x 15 A, 40 . @RT @R 20 AL arE, 20 A, x10 A x ) ST g9R=1 797 | BE
W WU A T AT fAaRd ged dRedr <idl ¢ | g fog W It SR & Hior o 10 | g4 fog
TSRl BIRTHTSI & AR AfAFRSAT (connectivity) T&TH HRAT B | BIF & WY A NiTi TRl 3R
3T ATAT | Ni,Ti 37T TR ST © | AT 3R NS AIShel SRET & gRT FITRerdT,
BEHAIARIAT Ud WTRTH I+ RBaAR] BT Ni-Ti HIH & ATl ATUE MGl Bad & wU H g Bl T
2 | MAIfET R # ¥ AT Wsdhd & 9 ygfadl & A () vearerdl, (i) wied (i)
REFal T | MHR FfT 9971a & forw Repeadt T RTA1eR 8 I8 a1 Rl w9 9 31fdias iR
HT g7 BT | Repa’] &1 | gleg 819 & AT AU ©9cd 81T Sididp fa=euvr H gl fauRid wra
e &R B | Ni-Ti B ST 3—5% & AU RbaR] ¢ T2ial 8, ST 10% [aw9or & 3refi|
TGelA TR | welcy T3 3R Ihofl FLYUT, UTaR olf Hael BT STTARYT Bl & | TN R SHIHDh e
IS, ATUET TTcd b A1 Uh XRadh FaeT BT UTel b |

0.35 0.25 0.18

31T 3l 9Tuel °-icd & Ni-Ti BT

Ni-Ti B1° & Rgu

0.30




ol e 38 b S LD

Ni-Ti BI¥ B HIgh! GXT-T, EDX 3 XRD fagaiwor

80 -
= 70 4 B StrainRate =0.01 = 063,43 985
E 60 - A strainrate=0.1 Ri=0.973
E-L 50 4 # swrainrate=1.0
s : ¢
= 40 - ¥ = 786,547 573
= RI= (). 652
T 30 4
E 20 - y =667, Tk 08!
= Ri=0.979
E 10 +4
=
ﬂ L] 1 L] L ) |
0.2 0.25 0.3 0.35 0.4 0.45 0.5
Relative Density {p4)
ey WH IR wug g«
35 -
37 y=117.58x- 26.619
*J;E 25 4 ssR=001
T -
= 201 wsr-01 y=137.64x-28,
F 15 -
- ASR=10
= 10 |
= 106.97%- 23.305
s R? = 0.9949
{] T T T T 1
0.2 0.25 0.3 0.35 0.4 0.45
Pra

AU g9d B ® ©U A Holl AT
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0.7
0.65 4 y=-1.3628x+ 09173
! =0.9509
0.6
055 - y =:1.2008x + 0.8609

R*=0.9283

F05 - +5R=00
y=-1.2867x+ 0.8951

0.45 4 ESR=01 § R*=09521
0.4 -
AS5R=10
0.35 -
013 T T L] T T 1
0.2 0.25 03 0.35 0.4 0.45 0.5
Pra
AT T Bel- & ®U A HIdIBROT &
a0 -

Loading Unloading
3B —m=RDS02) -

== =0.4] -

30
=—FD=03] -

. —#=—RD=02§ ——

P&

m

15

i

o .oz 004 0.06 002 0.1 0.1z

Ni-Ti B &1 ST 3R IAAHIT TP A T—Ne?T GefSd a-ica & G1T 0.01 BI
TP oA R W) ddted dlfST & dsd
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Cu—3TETRA &R W Ristang, ava a1g fas™ & Areaw |

Cu STTHTRT ATHR Ff HTT DI AR TR SKIATA 81 dTel SATET AN dTel Ni-Ti 3THIR
Hfa fAs1arg & fdded & wU H <@ S & 8, ST8l 9 AJdherdl & IR AaIdh el & | ATHR
Wﬁ[ﬁ%‘m—g’?ﬁa@ OHT R STURART {3 ST & O o IR, UagUeR, HU igHad Al afa #
T SITaT 2 | S9! = a9l B, B AT, Sod arard ReRdT iR e Qg uRad | gTefifd &d
A D d18 AT Ud [ & & H 3ol 819 & drasye, Cu TR MR Wi fAsterg ol «ff
U AP & TR § ATIAIS AR TR SUTE] 8] & SUDI BRI &, HH dIIaT & HhHT,
i 0T, wa%ﬁamsﬁ'\rmwwac TROT 3R BT & ReRIBROT 1 | 39 fa=m H, Fehaur
ATIAT IR AT @ ATST 98 & o7 Cu-Al FAsTeng # SeuTfires et # v fed s e €|
=9 FAs1ETg | M, Ni, 3R Zn 1 BR[e / =gl IguTd # e WR, e SRamRll, AIcadrge 1o+ 3R
R ATIH H Bl dTel Y91 B ST 1 Sff V&1 & | Bo AHIdd % e1g a9 guR JHwhRol
& o1 eI B ST & &, i foh AT IR AR Wige 3R 918 H 9T 91 @l FH1a13I BT 4T
T SIHTTIT ST RET € |

HICAATSS TS & 7Y Cu-15 Al H 3.5% Ni FHATRR B dTel U91d HI1 3edIT B © | I8l I8
G AT 7 6 4% 9 1S Ni Jeh fAsteTg AICATSe & wal § U BIaT © | 39 A H g A
ST T 9T I SMHR 2 | I & SMHR DI HH B ] HIRET A, faf=1 99 RWISR (Ce0,, Y,0,
3R Zr) & 0.1 I 0.5% TP Cu-15A1-4Ni TASTETT H T WR 150 | 50 pm T I S UTGT G |
FdTs A DI GeH TAT H T ThR & S URT ACAARE (b’ 3R §) & FE—1Rd@ Pl y&e=
forar Tar 2 1 39 fawa § b, ¢ @1 G H U 31H e SR RS A= 8 | CeO, @l AT
I WR, WA & ®Y H b’ 7ROT DI AR H gfg iR 1fdres srganet BIehl Sl & | Heror # 0.5% CeO,
A8 &g & o ST uaei= UTed 831 | Y,0, 3R zr &l 59 81 a1q | el oR Ao T8l urdn
T [10% Zn T MMER 8T &1q (Cu-12A1-Ni 3R Cu-,Al-Ni) H FId IR hel & MBR H ¢ =ART BT
AICATSC BT TS+ B3IT | XRD & 3EJIT & QIR CuAl, Cuzn 3R Al,Cu, ATCHISE aRUT UT §Y I
3R 3457 &7 ¥ 37T o | fSBRRI ThiHiT HaARMIe? (SITHT) 31ed- & SR MR 3431 a1g &
fIuRIT zn J<h AT o1 o A6 A, 3R A AT I BIHT € | Cu-Al-Ni JTEIR 787 €1l (Cu-12A1-4Ni
3R Cu-12AI-5Ni) H 10%2zn THEIT OR 91T IR H FdTs A=l H UTa hdl & 3R ACHsS ()
TRT B GeH AT W TRE I I8l Il © | S STATdT, T 32T URUITH AT Cu-12Al -4Ni-
10Zn @& AT FAs7ETq H <@ AT | G e 9gd SA1GT OTgel @ 'ed uR R 8T fewarar an
T | 39 UBR I fTspy fdbTa S bt © b zn & ™ IR IRTTHS U9Td Ul &, oifdh d8a]
URUIT 74Cu-12A1-4Ni-10Zn & THSTEITg & T BIT 2 | $9a 918 81 e (74Cu-12A1-4Ni-10Zn) H
5—10% Mn 1 FAETT UR SHD THTT Pl <@ AT AT | BIE AT H FHT Taeraii § 50—100 ATSshIA
BT ST BT U BT ATBR AT | a+f GeH WA 4 §9 THR AN THR T 0T 81 BT U Fabdl o |
FAFRT & TR A AR e & 3MMBR ATCHISE BT TS § RN H T | AfBTH T 7% Mn BT
AT T 37aReT H AEgH [T AT | S/ ST 1 DIs GIR el <l T | 39 THR eI A
Ol Ferdl & o Soa a9 gRad SFId e1qel @ gcd dl e R s & 59 9 & a1
N AR 2 |

31feres T =rall @1 8fc AfelT # 3 il &1 uRfAe Arers 9§ 0.75 Al & €, 3iR ofd
a1 # Foe8 R 7 | AfelT & foly, T7edd &l 2 1¢ & oy 900°C R AR &-d 2 iR 39 918 341
AT IR AT & © | AfelT e = ) Tt aRads aifedl & ueeid fhar S f& sRics
Hred o T | oS E¥Ied |l 100% TG AT B & | ST THR & 31edd 4 fZMmeRy Cu-zn
3R e Cu-Al-zn 51 arqgell H uRed+ aroEe H gig & &1 IR H o1geli & gcdl &l
F=—f=T w731 9 A € | ee A & ATBR Ffd BT T Acfed (Martensitic) TRacd &

o . oy
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1§ 500°C R YRIETOT fhaT IRAT | 100% Y9I O fohar I1T | 9o g=: it & 91, uaref # HiRan
<l T, BTl Qe WR QAT nft Y U Y S el off | Wifad wU ST B W

S 3 HIRAT AT ST & | BT, $9 A¥ed & Tdleld bl Jo: T R & oy H9ed Bl o7s
q Y AgdTe IR TR |

3% Ni 4% Ni 5% Ni

Cu-15AI-Ni {31 erqail & a1 R=—FR1=1 Ni gca @1 Gd-ds JavdT § YEaRa

o] A
| -
N I
P b
o 'A'\.f — h /
- — J‘-‘f ‘ a = _-F/J
LE s, I L )
Lﬂlﬂ.-!!ll:l: —_— . | 92”""" o
—_— ] . — o II
. | ] ||
1 ; ¥ l
1Il |'-| e a.- il wm r‘c lr.li o =0 1{- ; < - |;| e xm w0 0 'rf.e “ o 0 A =
Material Characlenzation[AMPRI): METTLER STARSW 1200 o) Charactenzation{AMPRI): METTLER STAR® SW 12.00

Cu-15AI-5Ni 31X Cu-15AI-4Ni & SITEfT § HHI wWee M, AR M,

0.1% 0.3% 0.5%
Cu-15A1-4Ni st eqail & a1 R=—R1=1 Ce0, (U RWITR) @ Fd~ds @ d &I Tl

29
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Fdvos A & G gcHd Mn == @31 § swer: o, 5, 7, 3R 8% @1 g&H WA
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= Sample B
| Sample D

Sample C

1n
mw ._.-II""':".'“.\_ ....ul.l-" "i..‘i-
6 | smamaprresSaRaeasmmRET WRRRLL )
4 .
2 |
D =
2 -
-4 A !
§ | ‘smuusEMSsLLr, PRTTTTITPPIRNE L
& —San'[p]e B cssncen Sa[up[e kT
10 H == SampleD ====SampleE { :
o 100 200 300 400 500 600
Temperature =C
500
i A
450 L]
A
400 ® 2
& Sample B HM5Sample C
350 LY Sample D ®5ample E
I | | |
Ms Mf As Af

Mn® OCH A Ud Bl & U d Al-Cu-Ni-zn s &1g & IO &1 HUIAROT 7% Mn W
JAfrHad ™, $US Al AT DIs A Ll




& GG :Cu-38.5Zn : A; Cu-41.5Zn:B; Cu-25Zn-5Al:C; 78Cu-12 Al-10Zn: D 31X 80Cu-10AI-10Zn: E




94T @ 91 XRD difedl ¥ fr=rar ik uRade aruwm=

XRD @& e+t # <l T SrerT—3rertT Afear fs1 g o &) € | ST & S1eua A $ed A
I ¢ Id gRaa W ffed & | 9¥0ed ddd C § Al & ™ IR aroe= # gRad= oarsT Rioe 8
ST © | BT Al BT AR 31feIeh e 2T Zn : Al & SIUTd Bl HH B IR T¥Ied D 3R E H By
e 3R ATSe TIfedl U &l 8Ich & | ARaHl & %hald ® ©U H YRad+ argq = § Uh W fJaerd
<G S Al 3 | 951 o1 & 39 9 4, I8 1By dbrar S Al & b g =181 H 5% Al
et oR U 3t == B |
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41 / QH YHEHd Cu-Al-Ni TeTRa 3Tl Vi s ang)

URARE HIRST UFHAT B =T H UTSSR UTddHH TAWDhd NP T At g # Jgar Fiftyas
0T UTT 21 & Jaifes ITSe] argaH Ufdhar # Heetfid \ar iR UTSer & eR TR dgax g0
G DI &AAT 2 | Cu-Al-Ni ITTETRT TP Fer Mt o1 BT URURS YIS &g A1 | Feelfia
BT T 2 | BIUR AR e AIHT SMAs fIbRid &R & oy TfAfas &1 gvrd, Jed |
3R Ff ATHR URec a8R BT eI AT AT & | ATHiT T uRac= aroHrT 12 wt % Al J<h
s a1g & forg 150°Cc Uram T B | s Og & W SMeR uRadd drgEE H $H B B g
TAATTRIA BT T SToR! UrT 01§ | 1 TAT H RT ArcATSe <@r 1 ® | 9 T H 9 @
AT 5—8 AISEHIT UTS AT | fAepfaa fH81 €T T U1, Ho11 2T, Hiferii IRgd R+ I & iR
SMAs @ U H Izd YA HIGdh, IR 3R HU dR BRAT ol AHAN & o1y S&IAT fohar <1
HHATT |

| i .
= m‘-*H L ie) A~
2
.-E_ ,_.---‘-—-—"JI || ’
[
: U 1|IJ|' (b} A
1-';‘
'_'-___F.I lui, ||,I|, ™
M W e (a)
—-—"“'ﬂ.'-"_-'.l . il i e _‘N":-'-h"
w L] 1] 2] ] a

&1 WA U9 gaE— - (Cu-Al-Ni 3afa wfa fis g RicRy @ ) difdT a0 <=
(a) 15—50c/ fiFe (b) 100c/ fimie wd (c) 10o0c/ fasie el aw & IRM
Ud Hegqd] sifesT & W1 g1 A4S @l AT |

ol . o



12 wt.% Al 12.5 wt.% Al 13 wt.% Al 13.5 wt% Al + 1 wt% Mn

H&H WA (Cu-AlNi 3Hfa T fist a1q) srerT—are T, ygfi—m & wrer 49 @1 |
(4—8 pm) 3R wrdsEET

(8)-12.0 Al, 1 Mn
(b} -12.5 Al, 1 Mn
{c)-13.0 Al 1 Mn
-13.5 Al, 1 Mn
(a)
? Cooling _ \
= | ) _— N— L
g e e =
L e} — P4
= .
:E Heating N
s .
b
d
o I 50 100 150 200 250
Temperature {'C)

Sigadl fa=: cu-AlNi 3Tefa |fa st arg (12 9 13.5 wt- % Tfafram)
T sreR uRad+ agarE A 9gdre
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BTe+ A4 <d /A1 uifid e faaRa smer wifa sgas

3R Ffcl IgeTd (Shape Memory Polymer) @ 3fd 0T, S I2a #ivfl § T &1 : AT,
BHH AT, IRAT BIATAfTET 537 Uaref T 3 uarell & ATveT 37fid TaTad a-1Td & | 59 uaref @
IHP YPR H ST [HAT ST FhdT & S8R0l THI, T4, pH IRad, THTer 31T | I8 3 & fob
3R I JHT gl Bl ol 0T T8 & diceh I8 U dgeich Bl ATVIdD ARET b FAToT, Tl
Jot UfehdT 1R AMhTaTSl &I RO 7 | ATHR Ffd agetd (SMP) H STRITERUT JATHR Ffl T Bl
2 <Ifth S B i3 Ih IR fI9IY wU F HH Yhavdd WH 39d SUANT BT W BT 8 | 57
HICASAT BT T B D (ol CNT IR UBIA  Afed AR~ wraictd et & SMP dfgaa H |fas
BT T 2 37RO BT eI b | S=d YA WR fAIuoT & SR FUfed ol § GIR R+ &
g sMp EIfTe # uRady far AT | dHIfTe § Swa Yhavdd ¥ U &R & ol URURS
famuer Aere, Y SMP @ 3R MHR T &R & o1y Werfiiel Rgama—eRm—Raara Jror=n
(Progressive stretch- relax-stretch scheme) ¥ I&elT 1T | fAHRIT PSRS AT & wid Mf¥ad ¥
& o Xbavael ¥ 98 38 off | YRURS AR TR TGl Pl 70" H W TR Wi SITar o7 5id
T b d STfAHTH 1T BIRTSA A1 BR of | PSRS fAR00T AT & dad T4 H Yo Hfad ufcrerd &
1T @ foIy T 984 Mfdd o7 | ISR & foly, 780% T+ UR PSRS 3R IRIRS fIw0er Iro=r
gRT Ul ¥ AT 6.95 3R 3.68MPa UTIT TTT | AT &1 CNT HGeldhRoT 1 ®U ¥ dgcidh Higad
# faaRa ffer |

15 &

-
%]

Proposed
PSRS

[ma PLaJ

4]

STRESS

onventional
Continuous

o9 g . r g e ey
600 650 700  STRESON (%)800 “UV¥s0 900

LFE]

RURATd 3IFaRd a99 3R i) NTHIRGA. AISHERN @& gRT 3F& fawfia
Tdeger dued & oy sra e Raa R gawifa gemam

MWCNT @1 HTSshl GG Ydfold SMPU & 9T CNT fSwuxdiss &1 genfaa g faavor

ol . o
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ArERfaa Ni-Ti T fa wyfa fist eng

B BRI 3IR I T[0T aTet arel &l qarall iR fafmior & o myftra e & AT
2 | Ufuer oiiR SfaRer drenfire, <a fafdea, srea fafredr SR et & forg wat srgae
AR Ni-Ti 3HIT T (SMAs) 81 &1 M & | Ni-Ti SMAs & BRITHD T[0T H FoIR B &
forg a1 g9l ugfa oi—ife SuaR € | Y oI IuER, f 4 TR wiiRes fawuor
(TEIEN) BT 7, AR A8 gTgell &1 IUTeT B Ahd © 3R 59 UBR B HDT SMAs &
HaeTefiet wrafets o & fafade & forg ifdre & s1ftrs FTamell &f @i & | 39 faen ¥, tas
R IR AT JHTdT UTSER G UfhaT I SFERied Ni-Ti FAsteng & deeivor & forg et
T T 2 | 39 ufehdr # 8—10 ©C T Ni IR Ti difcads ol dI HAT & 18 S5 H &l T3,
TN 1100—1200° 3. TR RISRAT 1 AT | 39 SR <89 Heelvor RieRT g5 3R s a8 uared
BT 9l H €1 3T fdhar ar | RieRaT & a1e uaTef &l 600—700° W UR Py ©el & fofg @ 3T 3R
IHD I8 FURAT B AT | Ni-Ti 99 B ggel RUrS $I 15 ARAT o1 THEHR0T 997 AR Afdd
Sl ot off S b ugel 9 Ffofa fHs1 arg urseR ar i3 CaiiiT | f[Asiad ufdhar H &9 Soif @
HH FHY AT & | FENET P/M AT F TR SMA §RT d8aR faeIaarall arell ed )T, iR Iif3d
T BT YT =T | ARG ARSAATGE BT 6+ 1100—1150° . WR RIS & QIR gar o |

S 3T B IR WX, SR Niy, Ti-Y, (ST8T Y - Cu T Fe) fAs1 &g @1 1150° 1. R RieRT gry
AT o T 2 | e 87 g T faRgal sredad I TR |

Ly s NI-Ti frs1 emg, &1 S - Ni-Ti-1 (1200° 9§ TR U@
H‘f\——% g¢ @ fag RieRTr @ 600’ 9 UR U@ ©<; Ni-Ti -2
M_ﬁ_\-{_ﬂﬂ 1200’ 9. R} U °< & fag RieRwa 700" 9 w
e | U °e; NI-TI&41100° 9. TR Udh g & forw RyeRar

e g 9 700° 9 WX U ©<, Ni-Ti-51150° 9. TR U ©c &
h-—-"'""“———-r'\_______‘_‘_f,.-—-——-— R R o ;
T rewe  fag RieRwa 700’ 4. R ua €<

= ! audhution inadi 1 R p-Quarsthed
" LJW-P—I- PP Jh-..-—-n—
L ]

L L .

r # !LIJJ# . sintared # H
-_._J_JII,J I"“ﬂ..m—l-q._pﬂu—-ﬂ-
£ pTY ™ ® 7o an
2 theta

e - RieR ok fufdT & 9

Intensity {au}

U $.UH. §IRT TH.TH.Y. €T P qHS

=T JreTaT H Ni-Ti 219 JART 187 a1g &1 Gk QI8 U9 @ SR [SHIRAY a8R &l
THS BT IR BT TR B | 7 31eude H ABAQUS HTTEd—R 6T SUANT fhar 137 8 | IR SIS
U H U STg A el IR, 9907 I[07(eh, IRACS RSaeM 91 HiF Haerd URAT BT daeT- TR 31
qret TR BT FHM B IR & AT B | freT IRMies &l THe™ &1 IR & i & 5 8, e

0" . 25




BN, BT & R oV arell RUaRT™ B MfIHdH @ 819 dTell Uil | $39 AT IETI Bl Udh
J rfrp STE & HHel | ff @ T B | S wRedes Rew 39 i AaR URAT & Al |
JIUTETT =IATH SIS BI¥ Bl Fehell 7T & | 39 Iv8 UH. UA. T. (SMA) €1 BT SUIRT RET & dR 0
B © oI B 3 aret T oS IRriiesd &7 99eM & v {5y e €| for e # o
URTeH oy U € @ € aRR &1 AT, Bisdl BT AT, Al dl W] $1e | I3 IRHEeH &

HATHT IR oI BT AT R AfBad QY ST A= arel a1 & IRiied & ded # o T 2 1 39
TSR BT . TH. T. (SMA) €T 3 ST ST aTel I+ (ST s RET ) o1l & &1 |ebdl ©) § STaNT
H ATIT ST |

pong { O == 4%
Fromo - 30%
Em- -'—m%

- 10%
E!rﬂ[l]
=
E'DIII

3000

0 200 -
i)
10
i
1} m b .| = ] al

Die angle (degrees)

. Arg. — <L M. (Ni-Ti) 29 39 i o1g @ 9R SIS WY @& SR 3 9Tl
AT |IST BIF T ATHA

I®Y SR AM—falRre s fafmior digaengamr utenfifeal
ERT JARIYYT AR I SAd R sia—fafecar Suaor

A= TpR & W BleeX Bl ITART B IS -1I9 BIF 9414 B fo1u ufshar vare =nd. & gdran
T | faf=T AT (50—85%) iR fafi=T eMaR & At (50—300mm) &7 SrgefaH ®iH fafamior
o T | 5 MBI (50 A x 50 A x 15 ) ®1F g9 & forg wfshar Y A Ria fovar mam |
B H AT BIRIBRIT 3R ged BB (10 I 15mm) UTS S & | 37 BIRNGISI & ATEqH & B
(ARSI 75%) (AT 3R 37 @) T UATE Aol | BIAT & | BIF & T A D] dTdhd, AT 3R Hol
STTNYT &THTT DI URET T © | BIF B AThd (15—90MPa) iR HTUTH T (8—26 GPa ) &I J0 &
BT |

TR TSI B 250 HIEHE & SHUR (TN MBR 300 ATZHH) Al MHR 3MR 250 ATSHIA
@ I (3 SMHR 130 ATSHIF) Aol AT URIETT & foTv Sffa &l 78 | o & w9 § A6
SiT ARt uaref &1 SUANT fHaT | I1eTor § HELA 3R A549 ATH & el BT SUANT {1 1T | 7000 T
DI MATHR GTG3T D AT 24 2ATell H IG@T AT AR AT 7000 VA & 4 TS S I1€ ITH ST 7T |
B R | IREH & Ugel 72 G AP & ol SRIC [HAT AT | 30 €S & el 100 ng/ml LPS HHRIHH
oo @ Wy # foram a1 Rt Scaesd U YT fhar 137 & | IR e Srge e ®iE &l
T LPS ¥ 3T T1IT HELA A&l & UfORTY H STafds A549 el @ Ufcifehar fHf3a g & o |

B & &RV FIER BT NeTIT &b bt H Ure RS i fAfer vd arer €1 A1t 9o 'e+ &l
HIY Teheilh GIRT [T 13T | &RV B &R 98 $HH (He@er) aril 1 | 3T (jmmersion) &I &

ol . o
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SR, e BRbe @l 6y fegor e far T S Sl — TR QiR 881 UTe STy &
T SH®! eTHdT BT b AlC fhaT AT | BIgsdleIRe AT BIRIBIT TWRIaT T3 3R 396 fdh,
RIS 3R TR B et wfafhar o7 sreaa= fhar S er g |

65% 85%

ﬁaﬁuwﬁa}uﬁw M Ti dO & FAT eI Ti ®oN & YANT A
o 75% Axedl o 80% GXEIdT 85% Rl

Ti B & & Ga-Y

HelaMTT A4 MTT
180 - 150 -~

z :

%100 - g‘m 1

= 3

o 80 . o 5

o] 1]
p"‘ q"nﬁ"@"«@"é"oﬁ‘ S° $° K g Il g
#+"+"“+"’¢"'-¢ ,c?#? fﬁiu%" ﬁﬁﬁq’f‘?

2l MMT & fasg A545 MTT & faog

Ti BIF & Ad grarfaferd) adeer & afRomy

39
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ol ¢ GFAT SUIIT Bq, W AxIfie uaref e gof

S URATSTT BT 2T HEIH Gl Dl AR &A1 DI 16 THHAT TUT Tl DI e & fory |ist w_a
MY BT TR0 BRAT 7 | 59 A WA H A BT RRAE gl derr Ui Ue aTfcad wic gd
TEAD D1 U & | P ALTH AT T&T DI IS Holl B! 37 (180—200 kJ) BN & SHICTY €T
wic ¥ IRARd AT W R Ud 7oy RS & ST &) SToxd 8idT & | 59 URITSTHT 6l
PR I2TY S Ul 1 W1 Bl {1 garelf J20r a7q, JRIHT 3R 310 gl & TINT I DT
IR IRUR® U ¥ Wth 1 V&1 MY PIFC B Wil @i B JoI T H HF IR IH SUYeh a1 2 |
HITHIEAR—TRN Bl $6 HTIHH H FEIIRIT BT I U §¢ Ud Holqd Yegfafad fiist 1g wic
IR HRAT & ST {6 Mol DI AT BT B B b | LA 7 T 98T & TANT AA5083 AR AAG061
TGATH AT e 91T & | FARTRITET Wk UR 1D 0 BT ADHIDRA, T AIgeld, HeTd
afeRIY 7S o7 fORga oieqor fham 7 2 | Bis(s wicd &I ardfasd fharfia Rerfd # s57a &
feITes Jouire 2q HITHSTSIR—UISIRANSTRRE, SietdnTar Hoil 1T 2 | YRS e 31 78 91d
BT E fh WIS AA5083 IcH HI(S AA 5083 5T €Tq 1 STUETT Afd Holl AT Pl &THdAT
TGA |

SI9 3v] | ugred | SUSHIVT (M2D)

ORI AT & ST GeHaedd g Tl §IRT oId 3TU[31 BT JAFHRT & SURIT [aTelyor
T SR 2. 39 Ao # GeHgaatd TahHid gRT ARSC R & RISl @l URId # UTg S dTel Sig
3TTRMT BT JeIadhroT IR I9d fIveryor & forg damiie fasmfid @ & | IRCe Td JAR™ & A iR
AT & Heg | A Fol IR AATT & A Rerd 8IS U € | IRSe R 74 81T § 79 BIfIaT
9IS &1 <R BIRTHT FG A 9¢ PR 2, Sl AT BIel & fadrd & ford sl 2 | dee daR
oY H HAR & BRI B dTell Gog H HaW 379 2 | IE FY<h 15 AARNDT H DAR A Bl dTel] Aid Bl
GART TR BRYT & | JIRCT DR BT Sleal (ARl 980 AecdqUl & Rl [Tl Seal Hax Bl Ul
AT & I Bl 3726 I Y8 S1p 81 1Al & | A 39 B H Yo Uit ug=r fafdy faefid o1 8 i
5 R SATSIHRRTT TH+d R AEMRT T | AeId W & ford g9d! ST & forg
OIET SN 2 | Ui ugeme fafer § IudiRT {5y g Sig a70] shwer: S1firs, IS, ArelisH,
3R HDHIATET © | SURITh YAFHRY & feTY 20 mM, pH 9 TINS FFHR 3R 25 KV SYANIT alecsl Bl
SATILARAT BIKH & | STd AURAT BT ARSI URIETIT 20 mM pH 9 IRE THHR 3R 20 mM TWh.31TS. L.
@1 AR & IURTT 490 nm ot fhee iR 520 nm I fhee? gRT fhar 737 2.

ol . o
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0009 ﬂﬂ1 T
0.005 0.008
0.007
0.006 £ 0.006 -
3 0.005 b
0.004 E 0.004 -
0.003 |
0.002 0.002
0.001 0 . . . . . . .
o — 10 20 30 40 50 60 70 80
25 3 35 4 45 5 55 B
Reaction pH Fluorescamine concentration(mM)
AaBiAmss & A ufadifta daar ux AaBIArTss @ Al ufadifRa dgar w®
pH &T U9Td FARIPTHIZT ATadl BT YA
~ m =
001 - §
0008 - S| 40 1
=D.lIﬁ 1 HER = —
- .-a =
z 0.004 g 20
0002 - 2| 10 -
0 ) . . : é u L] L] 1
0 20 40 €0 80 .
% af Asstarie 75 85 as 105
sififepar fasares wR vl &1 yHe AABIATISS DI deldl UR pH &I YHTd

Fluorescence Intensity

0.1 AU
/

Migration Time (min)

DU sATC BRI gRT WIS & a9 %07 &1 yeadxer il diecs, 20 kV T &
fore yA® W= @Y Aigar 10° mol L, fi& 1) 13 2) Aa139 3) WATST 4) AbIATS

0" 41 2o
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Y STaTger 89 # e ddl AR Bleard (Td gAdgE. uguT @
®9 H) ® 3MMba- ¢d Yo & v enfas faofta gwefa gomef
(TaSITTN) &1 Waei 3R sssidifoTed ArsfeT

IRITSHT B TRl &1 e T SHar & oI Yaes U & foru it fadey 99T 2
T 37AY & RIH—AHIRIS Gl & 79 H UI¥E dedl AR DHISATND] & 91T & I H Udh FH
ISR B & ol BB B A fFd T & ST 59 UHR | STeT |8, Uigl, faweiyor, Jar Hdaq
(Rere ARAT) 3R WITIeT T Jomell (SNSTSUH) BT A=l iR Ha 1 TN A1 | 31T,
UIETT, FATUH, FAMT AiSel & JoAcHD eI & Ieed DI Ub IUG<h U I U U Hied &
I & forr enfiet o 121 7 | faf=T Aol 1 SUART Rd 8T a1l & FHio7 Y 39 aRITST
@ TEd U AecdQUl BRI B | SUYh Aled & [P & foy 39 uRATSHT # {6 BRI & Siaiid b
IR A BT g9 & oIy 3MMaead 1T @ &5 | &3 BT SISl UHATHROT BT |1 enfiet foar
AT & | 1T &5 BT MR AT U STATSYT &5 IR T ATl Dl ST &, FOTd A1 TRdT ATeT
3IR TSR AT & | ATRYS SIS0 &5 BT AHHR0N 9 TTH & M & AR TR fhar 131 €, e
M ARYS ©, STl &1 ATl fAerd 8 | 78 U9 [7ell IR, @1 3iagediisl & &g I & &3

HAEAT & IR R ARYS STATEYT &3 BT T {631 7 | Fafd &5 § 941 (ATell) & ST Jarg
A S qR A STl HIE IS IR RAT TR |
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MNTHMSIR Afddol Tied Yus 3MU9 9" yrsde
FATSS WG TR (A1)

9 HIIHH & G I (37) VITHINEINR UTSAC FATSS SIhILFeR g S0 A1 ATFCIIR
TN AIREE Ae (3 T U <1 U 1) & ARIH A HrC e fIm & Ufr 9 7 o7 3R @t
AT | gig (@) SIT09 ART AHCTIR BT TANT B Y b Tl JIbTerd YaeH A2 & ATeH
A fafr= <1 79 oS IR R H S AR el a1 XU, () 6 UE ens R fSRgeres
TSR AT TIRAT, AR GIABTSI, F 0T U Yold HeI 7 XYl Al & AredH H fafi= A1
T 31TS 3R HLAHI & §1e a1 HATE AT BRAT U4 (]) TgATIH! [I2elvuil &7 TRt o AT U8
31TS 3R & JATHLT, Uellfra! Ud e el o faweyor 2 | g9 aRom 4 fafder 91 va o1
3R TANTRICT3I H HIS[E e Ud [ faRIvsidratl deim = S el bl 941 I 0 3Ty
3R WRANTEITAT A TS R B Al WU TAT YA IR 2 | $6 ST DI 56 927 | 9 fAerar 2
o fafr=1 verai # o<1 A 4 Sifds! /FEmell @ Yded g GaT URiiial <od & TanT I
AT URGT B WA SATTTIhd 9 11 & | g AR 0 A, FS1 71301 H b / a1
e, ST Ude, BRI Fwre ydeae JMfe &1 Forss ST & Ardd | gde faar S |JahdT 2 |
FATSS HRY[CT BT A= Ua UIRNRD! 7 a1 TareR] T Ush¥ [uicRvl 8 SORS & wd H ol
ST T 2 | 9 UhH I ATIAT A1 o ol T Jh: 3N YaRisd FaT GOTTell b Ugd dlel sl Fak
¥ fafae St # Sucter Fae o1 fAfrad Yelam e el onfie € | 39 faf=T wui § Sucer
AT BT NS AT Tele BT AN SHS AU / SuanT # ywifaar  gfg srft | S99 agemarnd
WWWWW@WW@@WWWW UreNfieT Ud Hefed sifdst
&1 fazeyor gd SfRA< I Har gg A1 U g R SRgecs gwdier, deanT TR,

SITRYIDBICTI 0T TAT NBRA A3 DI RATIAT §IRT A T 3775 AR WA & drdl G Farer
PI IRAT STUfarT 2 |
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CIFCRBIE R IS RO E LY
Hered Al & yd1Eg &l AP+ =g slxuRdlss U Rifdaer ik A9iuivd
faferer ugrel @ A @ fay 49 uqw & 9w @i e & SuAfiar

T IS BISURsTTe UfHT Riferat (HAS) UaTed, CO, 1ferenes, St foh T A=l iR IHTadR 2,
BT YT U Raferde @St (pyrophyllite) & SUATT | fham 11 81 Ied &R AR H
pyrophyllite T Fgd & FT @S &, Sl {5 98 # #ed U9 59 # Ui Sl © | ST
SIferH SUANT AFTH® TS, ST E a1q o1 &iik srafdre At & rfdreyor # Brar & | e
AT BT, pyrophyllite BT YA, URE RAfeTehT UaTel & HLeIvoT 8q 3R [h IHHT HUICRT
IRTRETEA §RT CO, 3RS & w9 H, &1 Sfid & forg fhar a1 8 1 HAS &1 dvemur ¢ weu fafr
foaT 79T B | Ugel TU H, pyrophyllite ¥ UR¥ RAfefdT (PMS) BT HeeIwoT foar 14T | SR U #§ PMS
B ARSI | FIe fhar 11 PMS T HAS BT CO, SIfERIYUT & YHTd & foTT 1eqa= foham 1T |
Heelvd #eRaed &1 fafi= gigHCd de-ileh] oI, XRD, FTIR, SEM, BET Surface area analyzer 1T
CO, MYV & Ul 3R g H fhaT 137 | MfeHad CO, YT &I &HaT PMS Ud HAS
AeRIA BT HHIT: 111.7mglg, 267.2mg/g  ITIT T |

SIS Ueref &) hdaR <hd Fdle 2
e ga o9 fasyr &1 fagfiaxer

AiReg®! fAfey & gRT Ta S fasy Maree @ fafer &1 wenfid o= &1 ve I foar ar @
ST fop ey SFCIUE ACRAS @ hdeR ST FidbTel- § Ae™d &N | I8 Al w9 9 fase
OR TR ¥ gafery g fafy WM ST R smenRa Hotd: & g1f | 39 sz # Raifea wha
ATgl, WRHT B AICTs AR MG & daeld Bl TS DI DI Bl & | 39 Je0IT H QT &1gall
(Mod 9Cr1Mo 3R 20MNMoNi55) T SEIATE [T T 7, ST foh 4R & YA HIF H SHHTS Bl
g | haeR WREE 31 A & A fhfewrd wwa 99 fasy & 95ad &1 srega fhar 1 § &R
AT H D] S FATH ThaeRk TR &I Alers, 9T fafa= arfee # ol 1= 8, 399 . 74, 21,
E- §RT 1 T A9 HhareR WRTAT &1 A1erg WY anfia 2 |

Aiera fafer & g1 a1 o © 1 fohfedd woa e fasy iR Rafed oa arsw & 95
T IR 1 BT & | I8) fspd |7 emgeii (Mod 9CriMo 3R 20MNMoNis5) TR sl 7T Tt 3 1
fpatdx 3 ® | I=fd v oiR wiRkers! fafSy & g1 I8 Mddax M © & fhfeda o oiH
fIger haer WRTHT @1 Aerg & e 5 fafre A as uRafid gl 2 | 78 W Rddas amar 2
o <ATH R WRTFT &Y AIeTE TN # o & <1 +ff srgeRan Aifeer # fay ge €, R voael
TH. FHferd 2, 98 TR avE A1 1Rl € | ST el @l SHRAURA thaer e @) wikerdst fafe @

9 AT B Bl IR B gY 9 s A1S (/1) D R o ReIfd H fbfewpa wa &
faser A, wiRers) fafy g1 Madre @1 fafdy &1 off enfud fovar o 8 | s /1s (/i) & haer
o Rerfa # e wiRega &1 e foar &, SR fefeara wwa 99 Iy aon 3 RITeE haer
THAT T BTl ST Fball & | TBT AT BT YT gIRT H) Mbrats < ar & o Ikt
fafer & Farel g2 We @1 gfic g8 & | 39 13 [AaRid fafyr 9 <ics @& we # ffeda wa =
foger & faafor @ foranfafdy o1 wwsm # o Aerar el 2 |

o . o
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Critical SZW [microns)
§

o
{3__“
S e L i
—a— Experiment
-5+ FEM
o i 1:!- !II:I !IE '!::' 3:!: 40 45 =

Thickness of fracture specimen (mm)

A & A B Arers vE fhfena szw

30° wrs fAafeady (im)

P g3 UM DI IR S G FEM HAisd
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cHaCIsed @l Jghiiaid BRI 8g Aievll 9 s srgifhiae vd
BRISIBITa® HIET & oIy ushd &1 faHr9 q2qAT AqHAaTH DRI

g wfafafdr famer favafaenera, gdma & ey fguefa fagm vd drenfie wgan adeq &
3fcfa SIRY B | URTfad sreadd &1 3ifed Sgawd g & ufery, TR, it RIS Ud gt
TAT JABTEDH 41 PO BT YANT PR Y AAIhTS CqacIsedd & IIIG 8 Uhd f[adbrd wd
ST RATHIBROT AT AT FAGTIT BT I 2 |

CHRICTS S B HIITHBAT & o1 aaaT ol # 4T TT 7Y ysred ol &I Jor- Aad Ag<dqu]
BROT 2 | UiferR A=l # SaIeTsed & folq I HIRAT yaTelf o 8 Sl & fabrd &l H9ra=n
©, ST STUAT 98wk WRAAT—I[0T  Hae BIAT 2, Sl URIe] ®U A I "chl qAT IAD ATgeh] qei
Hep! TRIT A8 THdel A WO © | Bieffs [ SMrmdl T |+ |emsll § TaR By i
AP+ dTel AP D el Aled UIfe™R =1 AP I §9a 8, $9 Y Ugrl &I AHTaRIT Bl
HIET B A ST DT bael YA YR 3l & | fAf= sfeprdfFe Teepi gRT diferR Srafasii &
fapra & I | T) A1 # SifaRad wrafcaahdrt A= 317 Fahdl 8, ST 41T cieigel Se &
G VEI T |

9 MY B H e Afeags A9BU de dfidd A gRT §=9w MU 9| e
ATRATgSs—UITHTHY A-Th 0T YIUHUHT G1c] | fSid TaaTss A-TdhN &l fBehar JIR fhU v | I8
At dieluaTge I a8 &I I ERRIwINeG vd g &t AR 89 &7 T[0T UeM &) 2| 39
SIS dieivdgs o § oM 163" &1 i SIS IBIfdhdr fewrs <F | gRomdl & I8 ¥ 91d
gaTT o i sifaxaTgs — W UH T T AT 9 diciHiss 99 & g d1 |Reror 4§ 1 gfg 3 |

Uifer R Tedies i JMfaaTgs A-IhUN & Th S — g IR ey I od aidl & b Nid
JifRITSS DU & Flg WR Uife™R 3MMorfde o= a1 75 off | Sl Ud qgaid & dId fadiaa
JIRATE AD A A B Ardrg ol H gl g8 | UR0mH I g 1 Ul Ferll & fdb Y §91g Y
giforaR aftast Afgry & S ifaTgs A7Th 0 & fAaRor &I eTHdT & 3iR HoT Uifer R Afead # st
& 1€ I ST 307 T 3MHR H I8 8 | SHSD JeATdl SIS ATST TheRT fIeeiyor gRT I8
<@ T & Sd R H WY gfg g2 | diell (TF) msaiuE e THIgS (W) U 318 U UH) & fNid
JATATgS H AT H ST BT g UR I ATt 3 BT Ufshar ¥ Fsh 7 |

PHRITHD Ul H Si0, S BT Th B0l BT e ¥ Igahraicad oI arel I=d &
Tifer™R IR Ty ST 9ad € | 39 B § TP IR TArRiT Ulell (BTSMRIgauhgaudgs &l
Si0, DU & faERT B AT fhar 11 dorr I i ifargs faaRa difer R affas o
YT ML o =) |

AT I & foru el are $uifsie ard—ameniRa &1 faem™

AT STALTT DT IEI Cu AR A1 &7g TiC WRATH HRE U DI SHS AfshdT BT
STANT R G 3R I GeH AT g Fifes TN BT 313+ BT & | e arft & on o
ID IRURTTT AHGE oI {dh Frae— U S (THed)) & A1 o1 &I 718 & | TiC H0I Bl
TIRATT TRID ¥ AT & WAk Sod ATIH [T (SHS) TihaT & §RT S T 1T & | TiC &l
HUINTC H 5-10 wt % BT ¥of H STl AT T |

ol . o
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TiC BUN BT ATHIRDT MATHR TS Y | HfERT & 1T TiC BT BT SSRGS dTf=e T Jefrd
g1 AT | TiC BT BT IATAT AMHR 500 MR F 2 HIShIA db UTAT AT | YIS BT HSIRAT NAB
A8 a1 9 SfSH 1S AT | 10%TiC BT BT e URTRD NAB BT 8T €T I HH oI | 5 wtwTiC
HHITSTC BT T AHLI AB 81 €T ¥ 2ATST A1 64 URIT T TAT TiC I8 ¥ Ig 3R 1 A BIar
2 | AB-10TiC ! dlce dTehd AB TRl €Tq &1 JeTw H SATaT 3R NAB W TSI HH UTs T | AB-TiC &
HTRIRTT IRH NAB & axTaR o |

TRI UGTe] BT Berd—oiv FAeR B TG & Ul AR Tl U1 H 20% 3 7 fHar 17 |
&RUT BT TR STIHA G (600 fheirIex) ag=1 9 Tl uTs T AB-10TiC &HI Rerfcrl # AB st arg #
&RUT B T I=d V&, Sidfds AB-10TiC H &RVl Bl &R FAH I8! | 39 AHIAT DI &R0T Pl &R BT A
AB >NAB <AB-5TiC >AB-10TiC & | AB-5TiC 3R AB-10TiC T TTeYvT UARTET Al B HigaT 3R NAB
R8T &7 ¥ IER UTAT AT AT | AB-5TiC IR AB-10TiC T HeTRUT TR Al Hivd HiCa 31k NAB A1
&g P ATST I8IR YTAT 7T T |

AB-10TiC BUIfSTE BT dfeeT i1 dfesT Tl BT STINT e BT AT s fheR & wU # 3
ot =T 70/30 Udet BT SATS fHaT 74T | TR 197 (Ar) IR ATHT arararer H dfes & Y |
ST eber v SATHHT #H T 7T oI | BIRE WRATT AB-10TiC D1 dfes T AHRI dTdTdRoT Bl et
¥ 3T H d8cR i1 | AB-5%2%TiC 31X 10% & AB. s &7 | J8aR 3R TAVE! s &1 ¥ 2TeT 98]
o |

AR 5707 3R I M (P/M ART) §RT TR Cu-TiB, HUIIE & HeATOT 3R 0T feror
BT T 1= fpar T | TiB, RIMA® 0Tl &l T4 & a1y A &R a9 & SuRerfa 7 omr fafef
@1 AT | TiB, YT e & Hfgad § WA w0 ¥ fAaRd gai 3R Afgad & |1y S¥a! difvei i 98
gs | AR A3 | TiB, HUI &1 719 1—5 AIgehA UTg AT 9 HRT & 918 0.5—3 A g8 | BPR
3R TiB, AT H 9gd Iaeld BT FHI U1 H THTT BT eI a1 77 & | §H9 ATdl, 419 Ifed
RieRT &1 o= H a9 dfed RieRT ¥ 57 BulfsTe & O § I &1 4T JoR 837 | Cu-5TiB,
FHHIRTE # 5 BPR fAfeit 3R gare wfed RieRT o< arf uhr 1 g |

yaref Al-Bronze (AB) AB-5TiC AB-10TiC NAB
UYH g dTdhd(MPa) 465 450 415 648
dles dIdhd (MPa) 324 361 410 488
% T 5.5 2.7 1.8 3.0
HTIRIT T (Mpa) 1049 1067 1118 1149
PHORAT  (HB30) 182101 203+03 261£02 22401
g9 (glee) 7.42 7.19 6.89 7.54

aifa® o1 (s a1g vd Suifie)
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Ivedd s @ <1 (919 gd AB-Tic ®ulfuic)

P W5 & U § HE—WHART I N

gqref OCP (dlce) E-CORR (dlcc) I-CORR (TR HY)
NAB -0.305 -0.312 2.8 x 10-7
AB -0.356 -0.361 2 x 10-7
AB-5TiC -0.318 -0.285 1.8 x 10-7
AB-10TiC -0.180 -0.250 1.2x 10-7
gade NS 9dder & gRemd
dfesT AB-10TiC HSIRAT  (HV) fes AT | o dq1d
dred | dr6d (MPa)
&g, FRBY dfesT W= (MPa)
ARSI 17715 264126 148+08 26.70 26.95 0.44
3t 21811 23845 13519 102.25 152.70 1.68
HIEC AB-10TiC 26112 410 531 1.8

Fif~=a Tor (Hulfere dfes)
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fsor bR ud Heqd | we | sRa | Ries w9 SRifsa e fagga ararear

qiel Irgurd -Tcd Rfex

L] gle HC| gle |qME fza| swic

fea | afdw | =fra | 9fdw gy
AT Pure Cu - 792 | 845 98.5 27.6 92.7 72.8 95.4
A= fsror Cu-5TiB, 2 | 80.00 | 81.2 | 9267 6.06 61.01 44.8 75.0
A= T Cu-10TiB, | 2 | 79.10 | 81.10 | 92.61 9.69 60.90 | 46.14 | 64.62
gt fasor (5:1) Cu-5TiB, 16 | 7362 | 76.55 | 86.45 10.58 | 42.21 29.4 43.71
gt fivsor (5:1) Cu-10TiB, | 16 | 71.90 | 74.04 | 8465 | 7.691 | 40.87 | 23.09 | 42.49

FHIfvie & w6ifas o1 (319 fed va gfc aRT 31 ga)

fasror geR @R ggref He PHSIRAT HV@5 Kg 3. fig s (RArteuRa) awar
qiel rgurd
99 IfEd | RH T9@ ECICINES] TRA Gdq

HTROT g€ Cu - 42 75.85 55 134.4
HTeIRoT fRysyor Cu-5TiB2 | 2 78 113 114 288.87
TTeRoT fRyeyor Cu-10TiB2| 2 67 119 95 287.19
g fAsror (5:1) Cu-5TiB2 | 16 131 291 222 492.51
T fAsror (5:1) Cu-10TiB2| 16 112 333 135 257.43

Cu-TiB,®UIfSIcH &1 a=udT ¥fdd ¢d dHolkal & fay 39 fed ¢ gic uvws Reafoal &1 g

wira efifesT ugrerf &1 9T s)d gY
ey wfifesT ddie & fsorsa e &1 fasra

TEavS "BAdd Bidcs Ud AAvdfed fEogs—Hec—dMre—dee! Holsl He "
2fies UQTAl &1 JART R Y AT ST AURTE ATT I8 7€ & YANT & A1y Juer hfesT
DD B (ST AaT BT [T TIURINSIS U, Hag & FSIIT U AUHATEAR — UBH, 9IUTed §RT
fepam e |

39 Y B & Hd A= fhardhar € —s A8 @ Rfe JRIRAT §RT =0 99 Wiied
&1 FFET07, {9 ueaTq STUfera ™l & Ardd SR uRspd Us RIS Ud & & fory A
HIfcrep, i3, MAT®, WS AR Ahfa— fagri faervdmil &1 FuiRe, 2ifeeT dwic & Mson
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fareryaTati, if3res faervdmati 1S &1 Jeia T | Uadd — X U fShae™, Wb gelag ATghRaIU]
3MMFe T TRNT Rt §Q YFRhgeh  Ufshan a3, Aif3rds IRIerol ol et I S fAdmRId faa 1 |
faepfAeT XFSTL NS Debic Bl yq favam € f T8 ofs — Fh 811 & DR IR — fAuRh
2 | g Tt At U sTufe srrd Xe HS ' | M veaike Hfifee T ARl # wirew &
faf=1 o enfier € o fafa=r aRferal @ 2, 31ermd 3800 — 4200 fHUT /m® HI, ATEIH 300 — 4000
BT /m’ 3R g — 2800 — 3000 fHT /m® | T IER SCAT UfcRIg®D & | AN ¥ Aol Uferes /
o) RIRMA® TROT ToOT o] oiTs fohee el AR INfe ¢ | AfeaT & 99 Arsshia & d18hid ab &l
IR @ dIfdhext & TAT I T AT STHR TP HH 8 Fdhd & | 310erT TR Tsaivs e Bl
TOTTeH IeHT 3 JelTcAd U I A HATd BIcl © I SITaRi Ud AT SHoll HAH1 B LRIa13i
T RAFPRORIET a91Y S &g 38 fHifeaa wu 4 anfdfe gfte | cargeTRa el | Sa [ et
I BT R § TR U fSoted e dar fhar ar f5aea! a8e eavar IReRe M-30 IS
Bihic & D 3T T | Huel Fged BT SIRIAMIE 1 U= 2 28 ¥ 214 39 & RIRIT SWRIT
3T ST AT TR BRI &HdT & folv e¥e ot 37 | S feoig= fiaT gaRT 30em x 30em X

7.2cm @ hhlc Iold 91U 7T UG 3 Told BT 137 Cs AT I(STIE & AE- AMfesT WUl e &
foTT ). U, o3, 919 o STRIT 1T | 9T XFSUeH NS habie Bl IFSUI b+ BT &9 5.8 TS
g% Sl [ URARS dHeplc Bl oS (5.1) b= BT & I Afeh urs AT |
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P. JQua JTHIR (cm.) o T v O | fefiea vea—
(Kg/m3) 137Cs, Sl : 662 (300 KV)
KeV) TFHYIoIR
1 |Srfeesd TiRe ddic 30X30X7.2 2570 3.21
(BCC-1) [_]
2 |gHfee 3R ¥ 9l Pablc 30X30X7.2 3640 5.10 —
(HSC-1)
3 [¥S #s ¥ T4 Rigfed 30X30X7.2 3586 5.80
Wi ®spic
(HAS-7)

gl a3 4 S fHy v fafe=or el vaa & Falc W dued 31 faRivang

IRIIgRIC WA g 639 <Tsc M smenia
drRCfded dHifoe &1 faara

YT BRI BT ST IhIis RFARDIR TR g~ aq HHIie 999 & fofv gd ufshar
IR BT 3R ST TN qrANfded 8fgdl & Whhies 9 § &A1 7 | A= eR d
AT SITeId= 31T (50-80%) & RAARGIR & IUIRT Y UTSSR &TJHH (A8 §RT SI5cHaq RARBaR
HIH GANT fHar 7 | &% DiFIde T BT AT ARRT SR & A1— A1) Argshidd daiid
SRT A fhaT 7 | TNT & 97 <@l 17 fh AU (@S- RFRGIR @ BiH) Aghdd dh-id
ERT STedl Rifes B € | RmRmeR 79 # g faaRd <8 8k Riw 5-10% RFR®aR €1 ¢
IR Hfgad ¥ et T | SIECIRIM @1 &4 ATAT BT &1 MTARITDBRYT BT | TECIH 3ifaTss Wl qrlg-c
2, S9PT ol i Ioold 81 8 fob SURRD cTsH & BIF BS! & ThIhles Bl S8 TIRT B+ U
R Rig B 8| 39 erged BW @) e 3R A19ie A g8l ® 9HIY B 1 39 Uaref @

HRINIIET TF bl H ST IR 0 YT gg, SII b SHS qrAISAC B Dl IR Havd Hell © | el
SIS iR et faanfaferd) exe & aRom & Havd U1 8T 2 % 39 BIF &1 881 & Whihles &l
TRE SUART B BI | AHIET B | FIgd $9—fAgT <€ Wi R 2 | ¥ &I SaTaT drigfded a4
BT TR fobar T © | 59 fory Ru= IfeTT U gRT 39 ®IF 0R 89 &) IRd 9818 78 © |

KR '_._-.-_: ?-x": ‘;"'?5
. A LT

Sy - e e T L9249 Cells

Call Vishllity

AEGEESSEE

crsef M @ 60% 3Jmaa+ crsef - REeER crgef W ®Iv 9d @ 911 39 3R
BT HTShIRTFAR Ridfeed »iu crsefrm—23y faarfafad 2w &
TRM goTIeid g&eia
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WIRT 3R wigArge Uferic fafdr g srawfia wel i ufsbar
Uity s arg hic &1 fawuor aqer
TSI Ayl ¥fie o1 @l ufhamsil § 9 Ue © | Td Tl B FelfolT & giardl wui § 9
T B | U8 IS U W GAGER RN &7 i o & forg arg=1 siik sfdfRer Seil # SuanT o
ST B | Fotol AMRIG: fhdl Hrede & R H W el fhRT 3R Sod HoRdl U1 d & oy

SWIAT B © | 39 UfhaT § ST, soidh—alos 3R Ud 3N SUBRUT BT IUANT Foiol g1 | fobar
ST © | 399 UfhaT § &ich Bl T8 3R <idb—ales) & d1d B B Felol 99 & foT¢ U9 gRT e W)
T gl ST ST & | §9 Hfshan 4, erq uRea faem # ara # W&l € | I8 BRI $9 Ufshan o 99
& fore far T & s v arer & fawuer aeR WR Afa=1 A19esl & U9 &1 o &) 7T © |
e Arerg &1 e iR fFIR TR arex # haar 81 MdR W Reara welfSi ufshar # fawerdr &
S U PRI B | TEI9R, I8 B (A~ ATIGS] BT SUANT B 3 [ABAdrsi Pl HH B b oy
BT 7 2 | 39 B H YRANTTIHS TAT BigIge Ulerie fAfe & SUART TegHIFH (AA5052) BT ATaR
BT fI%Y BR UTHAT BT YHTAT ST A FH B I a1 T 2 | BB B Ugel A &1 FI (Ae™] & §IRT
BT ST bl © T g U | Telol H b Bl S8 Ul Bl T8 © AR Il (Al | e aiRormAf
BT Gl B TS ¥ S o Feroyef o TE 7 |

90T g YHS YA JTHROT DI el

il AR d AT fHd WM dTd dAIses WId &l ST o4 4
a1 & fov S=d faiuieliRe sifeT 9t & Ao wr egas

yaferd dic qRI ST # SRIATA @ S dTell  Hea¥] Agedqu] {1107 AR § | Ué 2 | I8
vfcreer Tatervfi aRRIfAl & THer I8l 8, Sl g9d] ST W & 3R YRUHRERY Hible
AT B Sild= § B el 2 | 39 TaIT b FHEE & o710 a1 yor &) sifeT amfiat faslig
TSI &1 & 3R ST A= TR IR Al ST 81 ol © | BTefifdh J8aR ST AfRIES &wdr ud
e |ag W e avE fauds drell I=1d SIS Al & a9 & Ty o) Y g # o 2
fSaTaTelme THI% S | e s afedhell Ufdedes srgfAmiiferde uaref 2| A &1 & Jui d
HEYUl SRS Ud 31T Ukl AR & w0 # amde w3 1 {6 S ga § | Rarfad &t
BT I T8 I~d BIBIeh TR BT AR &l Alscs Wid Jedce & foru fasiid
BT B | 3UH T3 A gRT TFelTs T, VS HS UG g ATTh] BT SITHIT HR BRBICh Aol iR
HifeT Al & A FHRieE IR B3 W 2 wd 5991 e gw, B, f$u vd Raa #ifca
TP ERT ATSeS Wl Bl @il IR BIe fhal AT & | IS Alges Tid Bl ©ic) Bl VeI ¥+,
T TfeRIer e, 1P UfoRIe e, U MR &9 T i ufaRier erar & fory Sitar T B |
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ATgos el Bl Wieh BT ST TR &adT & foTU 3.5% AIfSTH FeliRIss & Ol § goi- ge dloll
fafsr gRT U9 TSP UIoRISSIN &d &I SUANT BR SoldeibiAdd A §RT Sirem AT § | BIfeT
I B HEITET B AT BT TRi— fSHYaRM, Th.ELE. IR, Wagd  fAfd vd b=
SoIdSd HISHhRBIUG A gRT eag= fhar ar © | SIfST Il & Tr— fSmrae T e
qAifes faforae, esgce AIfsTd TgHIA Riferde 3R THR®H TGRAIfode Sid 9 &l
JURT BT Favd <dl &, il [ DIFCT AHUT Bl AIges Rl & A1 J2S] Ud HOIqd dT8iST HaTT
PR B | W1 SeIde 1 ATGhIITE T I I Ud Ages Wl &I 3] Td Holqd dTs 1S GeIid
2 | uRUIMY I8 Havd <d & b fAafyd &) 78 sifeT Il § 98’ ST UfaRiered, I UfaRTe, eraedm
vd N ddg W 8] avE Uy aret [T § | SIS AHiiEl & T3 SRS a9 @l e |
M B eI WIFT IR E |

B—F gRT HIges WIid &I Wel R hivpfed SraaeiRe aifeT

goiffrafar sy @ik arq sarefaal & fav eyt
R IR B9 &1 ST

am faega |93 9 Mdbell 85 S uartl I (AFIRGIR) ¥ vgffrm Ricfded BiH a4
T | RFEIRGIR SR H MR 8 X SHB!T AT AT 75% B & | RIFIRGIR & XRD §RT
T B3N 2 fh SEH 90% JeAse (mullite) TS, JHISE, CaCo,, FeSiO,, & | U HRUT WIS
RERwar Rifdes tgfafam Rcfics o a9 @ forg SUIRf 81T 2 | T 6 wt % (3T 35
vol % WTd) WRe TR—BINST bl & ARIH I g9 ® oY WA fBa1 a7 | gegfAfrad
RriRer Refaed ®m # RFIRGIR & 9 fIaR0T <A1 17 | B BT O9cd T 1.85-1.95
glcc BI ST H AlE fhar war | Rcfdesd ®H &1 THfecT s B gRT B U aifida wIRd
TegHIm Rcfdes ® ura Bram 2, o 6 RFRmaR et et TR 9 oY ®R @ 3R md
2| 39 B B UHA I FARRST IR TR URId Sl 2| 39 BF &1 didhd TegAfR| &
el BT DI JoIT H BB AD 2 (STTHT > 70 MP) | Iroll & SJGNYOT H §1 BIH I &HT (TTTHT >

50 MJ/m3) 3R TG TR T 0.4 AT B FAITHT &HaT U ohH &HH a1 UegHIT-1a9 581 & Jetr §
=

Fors QU AAIRmAR tgfifem SRR wim Ridfdes wia fade ERSRIL
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YT Sl W gdeq & foly o wR erar @
$Rol gl sgaerR uRad+ &1 gfawuon

gRATSHT BT RH o wfafaferay’ & warer fear a2
(1) FeT & ATIHE AR TH TR YoTel TR BT TEXTS & TG &7 fFeror

(@) fafo=1 ugqell @1 STie vd gf-ramdl Wifde fgTal & gR1 9a1 & da|H AR T4 R oTdl 91
BT YT ST

([) SUUE M BT STINT B A= TexTg # ] o1 T BT et BT,

(@) SUUT A UK MBSl BT STANT HR Yolel WK BV B & oY U STerfdsn=  afreyor
1 fAeRIT BT |

faver o & foru <1 sreag= &1 &1 Tafad fobar 7 2 | Taf=d Wil § 9 U Salle Axamsi &
Joret otel R I Hefrd 2 81R 3 SR IS IR TRA M &l AeaeRll & #egfder # T
qoret @1 Reafay @t 2oft # orrar 2| e &3 § - AMgA & Ugdl iR 918 & ofel Wi 3ffdhs o &
forg faf=1 <=t &1 wderor fram = 21 AT &1 T da) g @ T SR gerae @1 iR
TATTIAT § fhar 77 2 | fUsel | a6t (2009—2015) & Iuf 3ifdhs WRAT BTgrce fSdloH, 7
faeel 31 U= fhd 1 & | &fe argHeeta ammm offas sifarg widl 9 ol 1 € | Suve fom
A1 3ifersd ffes dal 9 ford T € iR SwIE 3l 9 cueied | a—oiiesnsud AitedaR &
TAETICT | ST &5 B -T2 BT 107 fohar T 2 |

Tamas Rawr CRchisnt ss

dsde § & Sieyee a9 & faftr o el aafa=s R I IEICE |
SuyE HFEA RN &1 old WX

AMHR ER FsErgeil & yRedfes suanT
B AT AT © 6 Yargue yomel! H f[aer ¥ 31t giuihe vd daicAs  dRefed
812/ IR & fdepTe IR #Egcayol J9Tg IS | Yrguer & &rs H SuRall dretfifeal § 9 U 7di,
WAIC UaTell OR JATETRT UF TF U AR & IGUART Faell 2 | 2o 3fiR HR BT Ao Soal iU aei
HAM S A A FaTeld $I &\l I Sl @ & d HRATEH BT 3MPR Ud R Al AHTAT BT

ol . oy
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3MEel BT B Ahd © | 399 AU BT & Sfaid uReIfed g1er /iR & ¥7er U U9 UH T Gagued
YOI T SIST 1T | Hai e PHIRIR VIR HeRiihal § I U SThR RO [Hs7ergall (T U9 Q)
UR STRT & | T UH U ifde UfRrl & fAerdl —Sjercll Uarguerd Yomell &2l dahd & aifh d o
TFQR Il Ied~1 BR Fedd B © | I YRR S Yagues Ied Al — R U IR PRl &
S e, e UReifes Ifdaal s o o wadl © |

T UH T AR &I TN R (BRI dreiergy &f T fadr (g & Sae & Tforefiiel a9ras fadr
I DI Udhs & oIy fHa1 51 Ao 7 | R &1 feSire {6l =g 1 udhe /Brs+ & forg &1
forfRT BTeit / STaret arell BNl ® | 3 ST6 U 99 I UR o I 8 3R &9 IR & foTy ST@gaiaR
TS A A T | ST9S Wl — 8 B & ol T T TH T IR o1 81T & | STas Faordl 3 Jafera
BT € | U9 UA U R & HUTARYT a9 BT Ul 6 & forg YRIRed /St €T fafdr &1 wamr fara
ST B, FOTRT ST JMBR RO W4T f@Ts <l € | U et dRe & gIRT Bl B | TH UH
T dR &1 If FRIGE & 7 derar fyerdt 7 | Ffa ST gg o wiedh den aRafda sgd
Tsh DI Ued Pl UaTE TH TH T aR ¥ fhar S 7 | T & fofw ued faseyr Argere (0 se=g wH)
seragie gkt feuig vd faafad fasar Tar, fey fror 1fay Sugad &1 9 | T axe 0.77A
BIFT AIRY AT THTET alec ST 5V BT a1y

g uq ¢ afed frwR 2g urifre e e

dRiT gad ddic 991 =g Fors U grT Mffa s=a fern Raferat
T forerdiferiRe gy

IR H CO, & SHui Bl &M H & gY AR Ui ole HHE BT ddhfedd  drsex ol fdh
TS VT Ud Aqel b1 30 & GRT S1IT T7 SR Fela—Uh TelTs WeT T T o 147 7 | S
T A ST TSR SqeTY g1 S forrT RiferanT T aTger (Ter.ue.0) o7 A fear a2 |

39 RIS ¥ fafi=1 AR &7 IR A1ae &1 AT Ud TA.USM. T & STANT BR & I
T Qd I<h AR BT TART WHS Jad bebic g1 8 (AT AT UG 15X &1 HRIRT & BT
HATH T3 AIRET FRAT 6.25 H 13.75M & AT TANT H AThR fHAT AT | Uel. THY
TIEER BT TANT A Ih? Haw &g @1 7T vd APic Jad dbic 91 IR IqD 15 X 15 X 15
HEHITR & R[ed D! HRIRIT T TG FeldeR K FaTell g [39 IRATSTHT 8 M-25 Bsbic TRIC
T T TE |
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It B ST AR XTI Bl BT Td U9 U &R ™A

& SR UgR AET 4 9 Ufth GHHT AT Hg A-FAl §IRT YT
Jfadiaver wefalRm
aTT SITRATRROT UFIfhaT DI EHRNT B8 SIoM & SIGH & foly Udh AUl Ufafhar & w9 4
TG AT § | 9IS S8 & ddbieud Holl Al © | U Ul @ IAY & deaR DI UlhaAT H, TAISH
TfIfehaT eMie TR Selde= SRR ISl 31T &I AT I § IR T UeITHd HH IRUrC R

PR AT IUTE GRT IR & oI ISRE DI MMALIHAT 2 | 39 RIS § FAKI Y Herd

SRTE 99T, IR fadol dedi ¥ 97 SRS BT fadra 2 |

FREFIS  dIel MnO, TS Mn,0, 3l 3R U=l JATRITBROT SRS & WU H UdT 7T 137 |
+3 SITFATHROT 5T H Mn FTT Mn,0, TFIRISH 5 A1 I JIR BT 17 31k S=a fagga wfafafer
BT UTT B @ forq faxgrar ar | I8 weflRia foar =, s sifegs § Mn @ SiTaRITHROT &f
Rerfey STet sifarfram=or ufaforar &1 iR #ofed 94974 © |

BhI9 gfad Mael slfadrgs (T3S BN AR ATShIaTed Ul SRR & oIy Hret
fIgaSoR® & wu ¥ Q@ 1 & | SRS TAfAfe wiefor | uar =el 2 & Argsplared el &
o Ta 31feres SIRSRY e 3R I=d A &3 Bl duls I T AICTg & bl fheH! o et d
JgoR Tfafafer fowars |
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Ty (ferri—Ruferat srefisra) uerel s 4 Sy

RIS BT HT I 37T 7T UHR B FelTs— Ve BT TATARYT & AThH SHATII TARTS oI
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aTell JfhAT BI FARITST BT © | Havd MMATTAT SR THEEHROT B THE TSI H ¥ U AR
ARl AR (SATSH & AEFH H AT Tl 3R GTER S dTel Faball & A1 T GO TS §RT
Y 7T 2R BT BXET B | 37 UBR AISThH & 3 I SUGRVI & AT H AT 314 dTel 3R
dTE] ST dTel avdll & 12T AU & R A FXIET Bl HH B D oY STodl 81 1T 8 | Blo(s
TgHIIH H81 g AT g1 H TRURIT &1 H S &l 1, S fb U I~ & w9 o
JEaN IR YT fALdrail & et g9 difed © | fAeRia A I uRuRe d¥ie | si|Td 81
T BIoS AMAFTIH B, U T AR ® ST 98 2o faeivdnell & |rer 5 f eRUIST yorredt @t
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From Director’s Desk

Significant technological advancements in the development of advanced
materials have been made world over during the last few years. Some of the
attractive features of the developed materials include lightweight, higher strength,
cost effectiveness and environment friendliness. Typical advanced material
systems include lightweight alloys and composites, metal foams, shape memory materials, polymers, geo-
polymer based green (cement free) concrete materials and products from industrial and other wastes, hybrid
materials and bio-materials etc. on which CSIR-AMPRI, Bhopal is pursuing R&D activities. The material
systems are envisaged to go a long way towards substantially improving the quality of life by way of making
available improved products. Needless to say those new and innovative materials would shape our life in
future. It is a well accepted fact that new technologies can no longer be driven only by scientists. The
society/industry has to actively participate in projects right from the stage of inception for the development of
technologies having strong societal/economic impact. This new way of carrying out research implies
addressing different issues, not only from technological standpoint but also from socio-economic, ethical and
cultural public acceptance points of view.

CSIR-AMPRI, Bhopal has always been pursuing R&D activities in the area of material/process/
component development of direct relevance to various engineering applications that could be of interest to
the masses including the ones bearing societal impact. Translation of labscale information into practice
becomes an important aspect of concern in order to come closer to the objective. This could be realized
effectively by way of taking the developed ideas/knowhow to the user/manufacturing agencies to mould the
same into practice. CSIR-AMPRI has been quite active in this direction through transfer of knowhow/
technologies. Furthermore, our research on Geopolymers, Radiation Shielding Materials, Metal Matrix
Composites, Metallic foams and nano-structured materials etc. is poised to make an impact on industries as
well as on the society at large in near future. Our ECF improved significantly and applications have been filed
for grant of intellectual property rights to some of our recently developed processes/materials.

This Annual Report places on record our efforts to excel in the areas of our R&D activities and results
achieved.

W@ @z

(S. Das)
Director, CSIR-AMPRI
Bhopal




About CSIR-AMPRI Bhopal

Advanced Materials and Processes Research Institute (AMPRI), Bhopal was instituted in May 1981 as
“Regional Research Laboratory” (RRL) and officially started functioning from CSIR, New Delhi. The present
name of the institute (CSIR-AMPRI) came into existence in the year 2007 based on the recommendations of
the Governing Body of the Council of Scientific & Industrial Research to reflect a futuristic outlook. Since then,
elaborated R&D programmes in the area of lightweight materials such as Al and Mg alloys, metallic and
polymer based composites, foams, and functional materials; nano-materials; new materials based on
industrial wastes such as fly ash and red mud; and CSIR-800 projects of societal relevance have been
undertaken by the Institute. These programmes have an industry/user link from the stage of inception itself. A
state of the art processing and characterization facility and simulation modelling capabilities is being set up to
trigger new material development, innovations and improvements.

Current Programmes and Future Perspectives

The present manpower includes 40 scientists (against the sanctioned strength of 100) that are well
trained in different disciplines of materials science and other related areas along with 76 supporting staff. The
number of scientists is planned to increase suitably in the near future in view of the widened range of R&D
activities. AMPRI is equipped with modern facilities for material synthesis, processing and property
characterization such as SEM, pressure die casting machine, semisolid processing unit, rolling mill, Mg
melting unitetc. FESEM, cryomilling unit and those related to nanoscale R&D are being established.

Current activities of AMPRI are broadly categorized under:

e Lightweight Materials

® Nanostructured Materials

® Smartand Functional Materials
® WastetoWealth

e CSIR-800

In the category of lightweight materials, important activities relate to Al metal matrix composites,
polymer matrix composites and metal foams. AMPRI has laid a major emphasis on the development of
lightweight material like foams based on Al-, Ti- and Ni- alloys and stainless steels, in-situ and nanoparticle
reinforced MMCs. Also, activities on hybrid composites, biodegradable polymeric materials, electromagnetic
forming and materials modelling and design are in the offing. Focus is now on to technology transfer to needy
industries and to orient the ongoing activities more towards application driven.

In the area of waste to wealth, the Institute has largely worked on the utilization of flyash and redmud
while other industrial wastes like copper tailing, marble dust, polymer wastes are also being paid due
attention. The Institute has developed wood substitute technologies using redmud, flyash and natural fibres
that have potential for application in making doors, panels, partitions and furniture. AMPRI has also
developed Radiation Shielding Materials from Red Mud and holds a US Patent on the work. The potential
applications of this technology would be for the shielding of gamma and neutron in nuclear power plants and
for diagnostic X-ray shielding in X-ray and CT scan rooms. Attempts are being made to exploit the developed
materials for commercial applications. Another important development in this area is the formulation of green
concrete utilizing fly ash (thermal power plant waste) as one of its major constituents. The developed concrete
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is water free, does not need water for curing, is a quick setting type and holds potential for constructional
applications. The process and material is ready for application in practice. A patent in this regards has also
been granted by USA on the developed green cement and the technology has been transferred to an industry.
Work is also in progress in the direction of developing radiation shielding transparent concrete for nuclear
power plant applications.

AMPRI has worked on various rural development and dissemination activities having application
potential for the benefit of the masses. During the 11th Five Year Plan, the Institute has taken up a project on
Sisal Fibre Technologies for Rural Employment Generation under Rural Sector Projects.  Sisal plant
produces the hard vegetable fibre which will have applications in cordage and handicrafts. The yarn and
textile made out of this fibre is used for making composites for applications in sectors like housing,
automobile, geotextiles, etc. R&D activities are being pursued in the areas of smart and functional materials
e.g. shape memory materials (alloys, metal foams and polymers) in terms of establishing processing-
microstructure-composition-property correlations with an ultimate objective to translate the lab scale
information into practice. Nanostructured materials are another area of R&D being undertaken at the
Institute.

CSIR-AMPRI, Bhopal is committed to develop innovative, cutting
edge, internationally competitive, energy efficient and environmental
friendly technologies / products in the area of advanced materials for
social benefits and to contribute to the Nation’s Economy.

ISIoN

\Y

® Research & Development on Engineering Materials for Strategic
High Performance and Societal Applications

® Materials, Processes and Technology Development for
Component / Products for a variety of engineering materials,
including Metals & Alloys, Composites, Polymers, Building
Materials and materials from Waste

® To undertake consultancy, sponsored, grant-in-aid, network &
other national, international projects for both public and private
sectors in above areas.

Mandate




R &D Performance

Patents Filed : 8

B Research Publications : 91
Foreign Patents in B Foreign Patents in force : 3
force : 3 1 Indian Patents in force :21

M Patents Filed : 8

Budget (Rs. In Lakhs)

ECF:101.24 Lab Reserve : 21.464

M Budget Plan : 795.621

M Budget Non-Plan : 918.351
= Network Projects : 272.220
M ECF:101.24

M Lab Reserve : 21.464




Human Resources

Administration : 32

Group | : 10

Group Il: 14

B Group IV :40
B Group I11:23
W Group II: 14
B Group |:10

B Administration : 32

R & D Projects

B 12th Five Year Plan Projects :7
B Grant-in-Aid Projects:13

m Sponsored Projects:4

H Consultancy Projects:5
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Core Expertise

R & D Activities

Metallurgical
Materials & Processes

Computer Simulation &
Design

Natural Resources Natural Fibers and
CSIR-800 Composites

i Environmental, Industrial
Waste Utilization &
Nano Materials
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R&D Activities

CSIR 12" Five Year Plan Projects
Grant-in-Aid Projects

Sponsored Projects
Consultancy Projects
International Collaborations
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CSIR 12" Five Year Plan Projects

S.No. | Project Title

1. ESC0101
Novel Energy Effective Metallic Materials for Engineering Applications
Nodal Lab: CSIR-AMPRI, Bhopal

2. ESC0201

Design and Development of Thermo Responsive & Magnetic Shape Memory Materials and
Devices for Engineering Applications

Nodal Lab : CSIR-AMPRI, Bhopal

8. ESC0103

Development of Novel CSIR Technologies for Manufacturing Tailored and Patient-Specific
Bioceramic Implants and Biomedical Devices at Affordable Cost (BIOCERAM)

Nodal Lab : CSIR-CGCRI, Kolkata

4. ESC104

Advanced Ceramic Materials and Components for Energy and Structural
Application (CERMESA)

Nodal Lab: CSIR-CGCRI, Kolkata

5. CSC0134
Molecules to Materials to Devices (M2D)
Nodal Lab: CSIR-NIIST, Thiruvananthapuram

6. ESC 0306

Development of Spatial Decision Support Systems (SDSS) and Hydrological Modelling
for Assessment and Management of Nutrient and Pesticide Pollution Load as NPS
pollution in Agricultural Watersheds

Nodal Lab: CSIR-NEERI, Nagpur

7. 1ISC0102
CSIR Knowledge Gateway and Open Source Private Cloud Infrastructure (KNOWGATE)
Nodal Lab: CSIR-NISCAIR, New Delhi
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Grant-in-Aid Projects

S. No. |Title of the Project Funding Agency

1. | Utilization of Low Cost Minerals of Madhya Pradesh for the Development of | MPCST Bhopal
Hyper Branched Aluminium (HAS) and Mesoporous Silica Material to
Sequester the Effects of Green House Gases

2. | Characterizing Numerical SZW Evaluation for Determining Ductile Material | BRNS Mumbai
Fracture Toughness (Jszw)

3. |Development of Optimization of Processes for Permanent Hydrophilic and | DST New Delhi
Hydrophobic Surface Coatings with Nano Particles for Multifunctional
Finishing of Textiles

4. |Developmentof Cast In-Situ Copper Based Composite for Naval Applications | NRB Mumbai

5. |Development of Design Mix of Irradiation Shielding Concrete Using | BRNS Mumbai
Advanced Shielding Materials

6. |Development of Porous Bio-Active Ti-Based Composites for Bio-Implant | DBT New Delhi
Applications

7. |Water Oxidation Catalysis by Cheap and Abundant First Row Transition | DST New Delhi
Series Metal Oxides

8. |Deformation behavior of Aluminium Alloy Sheet in Non-Axisymmetric Stretch | SERB New Delhi
Flanging Process by Experimentation and Finite Element Method

9. |R&D Studies on the Development of Advanced Geopolymeric Casting | MPCST Bhopal
Materials for Protection of Corrosion of Mild Steel Reinforcement Used in
Concrete Structure

10. |Use of Cenosphere for Making Cost Effective Aluminium Cenosphere | MPCST Bhopal
Syntactic Foam for Engineering Applications and Metal Artefacts

11.  [Modeling of Soil Behavior Change due to Ground Water Level Variation for  MPCST Bhopal
Rural Water Resource Management

12. |Prosthetic Applications of Shape Memory Alloys NASI Allahabad

13. |Development of Fly ash based advanced Ligno Silico Aluminious |[BMTPC New Delhi
Geopolymeric Binder Useful for Making Cement Free Concrete
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Sponsored Projects

S. No. |Title of the Project Funding Agency

1. | Utilization of a Variety of Fly Ashes Available at M/s JSPL, Raigarh for|JSPL, Raigarh
Developing Cementatious Ligno-Silico-Aluminous (LSA) Materials

2. | Development of Aluminium Alloy Silicon Carbide Metal Matrix Composites & [ NSTL,
Analysis as per Specifications Visakhapatnam

3. |Feasibility study on variety of Fly Ashes Available at M/s Sesa Sterilite | SSL
Limited (Vedanta Group Company) Langigary District Kalahandi, Orissa for |\/endanta Group
Developing Cement Free Concrete Company

4. |Utilization of Barium Sulphate Sludge (Brine Sludge) generated during [GIL, Birlagram,
Caustic Soda manufacturing Process Operations at M/s Grasim Industries | Nagda
Limited, Chemical Division, Birlagram

Nagda (M.P.) for Making Radiation Shielding Materials by Innovative Method




-:._.—

Consultancy Projects

S.No. |Project Title Funding Agency
1. Turbine Blade Failure Analysis STPS, Sarni,

2. Impact of PoP Made Idols Structure on Immersion in Water Bodies MPPCB, Bhopal
3, Assessment of Air and Water Quality At Identifies Location Around [BORL, Bina

Bina Refinery for Bharat Oman Refinery Limited, Bina, Sagar

4, Pollution Load Study for the Existing Poly Aluminium Chloride (PAC)|GIL, Birlagram, Nagda
Plant and Proposed Expansion

3, Use of Fly Ash in Agriculture at Adani Power Maharashtra Limited, | APML, Tirrora, Gondia
Tirora, Gondia, Maharashtra
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CSIR 12" Five Year Plan Projects

Novel Energy Effective Metallic Materials for Engineering Applications

Under the projects, developments include activities pertaining to the making and characterization of (a)
foam and (b) fine particle MMCs and related aspects as discussed below:

Foam

Foam has been prepared employing both powder and liquid metallurgy routes taking Ti, Al, and Fe
based alloys and their composites as the matrix material. The influence of parameters like quantity & type of
the foaming agent, dispersoid morphology and content on the pore morphology, content and mode of
distribution, and foam characteristics has been investigated. Hybrid foams containing nano and micro
particle dispersoids have also been synthesized. Application potential of the developed foams lies in health,
automobile and other engineering sectors in view of their one or more of the attractive features such as noise
attenuation, vibration damping, energy absorption, light weight, biocompatibility etc.

Al foam by meltroute

Attempts have been made to sandwich Al foam with a polymeric sheet around. In this case, flat pieces of
Al alloy foam have been prepared employing liquid metallurgy route. Hybrid foams adding SiC and CNT as
the thickener/strengthener have also been synthesized. The foam pieces have then been given a covering of
polymeric sheets to protect/strengthen their surfaces. Studies have shown good foam/polymer interfacial
bonding and improvement in stability, strength, damping and thermal insulation characteristics. The so
developed sandwich foam is lightweight and shows improved thermal insulation, noise attenuation and
vibration damping characteristics. They have potential for use in applications needing thermal insulation,
noise and vibration attenuation and weight reduction. The influence of the chemistry of polymeric case was
also studied. Majority of the pores were in the size range of 1-4 mm. Sandwiches with cases containing fly ash
particles in polyurathene showed the least failure strength while its strain (and hence energy absorption
capacity) was the highest. Replacing the polyurathene matrix in the casing with epoxy caused the strength to
increase while energy absorption followed a reverse trend. Further addition of jute cloth in epoxy along with
flyash led to a further reduction in energy absorption capacity while strength showed anincrease.

Al Alloy Foam

35+

B 254
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Al foam pore morphology Pore size distribution
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: Cross sectional view of a typical sandwich
Microstructure of Al foam

Typical features of a polymer-Al foam sandwich

Properties of the three different foam-polymer sandwiches with different polymer casings (sheets)

S.No. | Property Case Chemistry
Polyurethene + Epoxy resin + Epoxy Resin + Flyash +
Flyash Flyash Jute cloth

1. Density, g/cc 0.48 1.75 1.84

2. UCS, MPa 2.5 7.5 177

& Maximum strain 0.06 0.03 0.007

4, Young’s Modulus, GPa 0.43 8.3 7.26

& Shear modulus, GPa 0.16 1.2 2.8

P/M processed (Ti and Steel) foams

Ti and steel foams with a wide range of porosity (50-85%) and cell size ( 50-300 um) were produced.
The foams were characterised in terms of microstructural features, energy absorption capacity and
mechanical properties. The foams contains porosity upto 85% and their strength varied in the range of 15-100
MPa depending on relative density. The strength and energy absorption capacity of the foam depended on
sintering temperature and relative density. Interconnectivity of pores in the foams has been confirmed
through the passage of water from one end to the other. Copper foams have also been prepared. These
foams can be used as heat sink or as sleeping heat pump in electronic industries.




Ti-foam disc (size: 50 mm dia and 15 mm height ) Stainless steel foam (size: 50 mm x 50 mm x 15 mm)

Ti-foam with 75% porosity Stainless steel foam with 85% porosity

Microstructure of foams
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Flow stress of the steel foam as a function of relative density at different strain levels

Simulation studies on automotive crash box

Foam filled crash box is drawing scientific attention for application in automobiles for better specific energy
absorption leading to a more effective crash management. 3D finite element modeling of an automobile crash
box has been done under impact loading. Comparative study between empty and aluminum foam filled crash
boxes has been carried out in terms of its crashworthiness. Optimum performance of the foam in terms of
energy absorption capacity has been studied through FEM analysis. A 2D model of the foam has been
developed as a function of void fraction. Uniaxial displacement control compressive test has been carried out
to find out the optimum void fraction for maximum energy absorption at high strains.

30mm
0mm
150mm
Zuﬂmm

Steel crash box without a foam insert Steel crash box with a foam insert

FEM analysis of the influence of inserting Al alloy foam in a crash box (steel) casing on deformation
pattern; higher number/degree of folds/buckling in the foam filled crash box suggests higher energy
absorption
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Metal Matrix Composites

Synthesis of metal matrix composites with dispersed fine particles employing liquid metallurgy route
has rather been a challenge in view of issues like greater tendency of fine dispersoid particles towards
clustering/coagulation and poor dispersoid/matrix bonding. Ultrafine particles of ceramic dispersoid phase
usually form clusters when externally mixed with the liquid metal due to their fine size and poor wettability. The
severity of the problem could be reduced significantly through ultrasonic vibration of the melt during the
synthesis of composites employing external addition of the dispersoid phase. In-situ generation of the
reinforcement phase in a composite offers a number of advantages (over the ex-situ process involving the
external addition of the dispersoid phase into the matrix). They include good dispersoid-matrix interfacial
bonding, more uniform distribution of the dispersoid phase in the matrix, better control over the morphology of
the reinforcement phase and ability to disperse ultrafine particles of the second phase usually not possible
through the external addition process. However, even this alone does not become effective to take care of the
problem totally. Accordingly, measures like subjecting the in-situ composite melt to ultrasonic vibration prior to
solidification are envisaged to offer better results. Processes like secondary deformation and pressurized
solidification techniques are also effective in sorting out some of the problems associated with composites
like segregation of dispersoid phases, flowability issues in making intricate shaped castings, inferior
dispersoid/matrix bonding etc.

Some studies have been carried out to testify the understanding as summarized below:
High pressure die casting for making MMC brake drums

Attempts are being made to make automobile brake drums using Al MMC employing high pressure
diecasting technique in order to attain improved properties. Encouraging results have been obtained.
Attempts are also on to look for interaction with user agencies.

Al/Mg alloy & composite rolled plates and extruded rods

One of the primary requirements for making MMCs deformable is to disperse (ultra) fine dispersoid
since the (fine) particles impart dispersion strengthening and improved degree of homogeneity of distribution
all through the material. Accordingly, synthesis of MMCs with fine particles becomes imperative to obtain their
extruded/rolled shapes. In this direction, initial trials are on to extrude fine particle dispersed Al MMCS for
improved characteristics/performance as discussed below:

Microstructural refinement through ultrasonic vibration of Al-Si alloy melt

To begin with, ultrasonic vibration of an Al-Si (BS LM6) alloy melt for varying duration has been carried
out. Microstructural refinement along with increased strength and ductility have been observed as a result of
increasing duration of ultrasonic vibration while hardness of the samples was noted to follow a reverse trend.
The treatment is envisaged to enable dispersion of ultrafine particle dispersion in the melt for synthesizing
ultrafine particle dispersed MMCs with improved characteristics and performance.




Microstructural features after 5 minutes of ultrasonic treatment

Microstructural features after 10 minutes of ultrasonic treatment

Microstructural refinement in LM6 Al-Si alloy as a result of increasing
duration of ultrasonic vibration
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LMG6 alloy USV-Tesile properties
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Hardness of LM6 Al-Si alloy as a function of the duration of ultrasonic vibration

In-situ Al alloy composites

In-situ generation of the fine dispersoid phase has been used to synthesize 5083 AI-TiC particle
composites. The composite melt has been subjected to ultrasonic treatment prior to solidification. This has
led to an improved degree of homogeneity of (fine) particle dispersion in the matrix leading to higher
hardness and strength.




Before Ultrasonic Treatment After ultrasonic treatment

Microstructure of aluminum alloy 5083

Before ultrasonic treatment After ultrasonic treatment




Before ultrasonic treatment

After ultrasonic treatment

Microstructure of in-situ Al alloy 5083-5%TiC composite

Mechanical properties of the alloy and composites before and after ultrasonic treatment.

Materials Compressive Compressive | Hardness, (HV) | Hardness (HV)
Strength (MPa) | strength (MPa) | before ultrasonic| after ultrasonic
before ultrasonic | after ultrasonic treatment treatment
treatment treatment
5083 Al 236 439 63 80
5083 Al - 5 wt % TiC 251 421 74 82
5083 Al -10 wt % TiC 277 416 92 93

Nano Particle Dispersed Al Alloy Composites

A modified stir casting technique has been developed for making nano-alumina particle dispersed

aluminum alloy matrix composites. In this technique, the particles are not directly added to the matrix but in

the form of sintered pellets of Al alloy with 10-30 wt% alumina particles. This led to the dissolution of aluminum
alloy from the pellets and gradual release of alumina particles in the melt which in turn get distributed in the
matrix due to the stirring action. It also helps to refine the microstructure of the matrix. Improvement in the
properties of the composites has been observed as a result of even a small quantity of the nano size

dispersoid phase. For example, ~20-30% improvement in compressive yield strength, elongation and

hardness has been achieved with just 1 wt% nano alumina particle addition. As the dispersoid particles are of

nano size, the composites are envisaged to have better formability than conventional composite materials.
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High strength Al/Mg Alloys Rod through ECAP

Attempts are being made to subject Al and its alloys to equal channel angular processing (ECAP). An
ECAP die has been designed and fabricated for the purpose and initial trials made. Preliminary results are
encouraging in terms of microstructural refinement and improvementin properties e.g. higher hardness

Effect of ECAP on Pure Al

Sample Hardness, BHN

Pure Al before ECAP 20
(homogenized)

Pure Al after ECAP 32
(1** Pass)

Pure Al after ECAP 38
(27? Pass)

(a) (b) (c)

Microstructures of pure Al (a) before ECAP (b) after ECAP at low magnification and
( c) after ECAP at higher magnification
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High strength and high temperature stability P/M Al alloy

The requirement of high strength materials for advanced engineering applications including automobile
and aerospace applications has led to the development of fine microconstituents in materials. The unique
microstructural features and high strength characteristics of nanostructured materials make them suitable for
structural applications. In view of the above, an attempt has been made to synthesize nanostructured
materials based on Al alloys. The process involves the generation of nanostructured powder alloy by
cryomilling and high energy ball milling followed by subsequent consolidation using microwave and/or spark
plasma sintering techniques and secondary deformation thereof. High strength pre-alloyed (2024 and 7075)
aluminium alloy powders have been used for the study. Preliminary characterization of the powder (un-milled
condition) has been carried out in terms of morphology, composition, compressibility and sintering behaviour.
Further, milling of 2024 with Ti has been carried out in an attritor mill in an inert atmosphere. Milled Material
has been hot-pressed in a vacuum furnace under different process parameters. It has been observed that
higher pressure during hot-pressing leads to increased sintered density. Also, higher Ti content in the alloy
caused a greater degree of crystallite size refinement. The alloy having more Ti attained very high (~100%)
density even at lower sintering temperatures and lower pressures. The hardness level (130HV) of the hot
pressed Ni containing samples was significantly higher compared to that of 70-80 HV for the wrought 2024
alloy in T1 condition. Secondary deformation of hot-pressed 2024 compact is underway.

—+— Pure 2024 -#-2% TiFe —— 5% TiFe — 8% TiFe

-E- 50
=
@ 40
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E 20 ——
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Milling Time (hrs)

Crystallite size reduction with increasing milling duration
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Design and Development of Thermo Responsive & Magnetic Shape Memory
Materials and Devices for Engineering Applications

Shape memory materials (SMMs) are one of the thrust areas of research at CSIR-AMPRI, Bhopal in the
12th Five Year Plan. Research activities in this context pertain mainly to (i) synthesis and development of
newer classes of shape memory materials and (ii) development of cost effective and more sensitive SMMs.
Attempts are being made to synthesize newer versions of shape memory alloys (SMAs), SMA foam and
shape memory polymer (SMP) composites. The outcome is expected to be in the form of demonstrative
shape memory materials in the form of wire, coil, plate and slab. Attempts would also be made to make
demonstrative prototype components from the above SMMs.

Ni-Ti SMA foam

Pre-alloyed Ni-Ti foams with varying porosity (50-80%) levels have been prepared through powder
metallurgy route using NH4HCO3 as the space holder. Foam samples of different shapes and sizes (50 mm x
50 mm x 15 mm, 40 mm dia and 20 mm height disc, 20 mm x10 mm x 2 mm) were made. The foams clearly
exhibited uniformly distributed macropores. Micropores were also seen within the cell walls. The micropores
provide interconnectivity amongst the neighbouring cells. The foam primarily contained NiTi phase and a
minor amount of Ni3Ti. Elastic, pseudoelastic and plastic strain recovery of Ni-Ti foams has been examined
as a function of relative density through loading and unloading cycle testing. In the unloading part, the strain
unloading cycles shows three regimes namely (i) elastic, (ii) plastic and (iii) recovery strain. The recovery
strain is responsible for the shape memory effect; greater is the recovery strain, more the shape memory
effect. The recovery strain increased with increasing relative density while increasing severity of deformation
showed a reverse trend. The Ni-Ti foams exhibited recovery strain of around 3-5% when subjected to 10%
deformation. The plateau stress and energy absorption follows a power law relationship. On the other hand,
the densification strain followed a linear relationship with relative density.
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Cu-based shape memory alloys (SMAs) through liquid metallurgy

Cu-based shape memory alloys (SMAs) are being seen as prospective alternatives to the more
commonly used Ni-Ti ones in applications that do not require biocompatibility. They have wide spread
applications such as sensors, actuators, vibration damping materials, etc. This is due to their low cost, high
thermal stability and higher transformation temperatures. However, despite being in the forefront of R&D
since long, Cu-based SMAs are still in their developmental stage and seldom available commercially due to
limitations like low transition temperatures, poor mechanical properties, low ductility and stabilization of
martensite phase and fatigue. In this direction, attempts are being made to improve transition temperatures
and the amount of martensite formation in Cu-Al alloys through compositional modifications. Effects of
ternary/quarternary additions of Mn, Ni and Zn on microstructural features, martensite formation and
transformation temperatures are being investigated. A few potential alloy compositions are also being
subjected to secondary processing like rolling and wire drawing and subsequently the possibilities of
component making would also be explored.

Effects of 3-5% Ni addition to Cu-15Al alloys on martensite formation have been studied. Ithas been
observed that martensite forms in alloys containing Niabove 4%. The main limitation in this case is large grain
size of the alloys. In an attempt to reduce the grain size, 0.1-0.5% of different grain refiners (CeO,, Y,0, and
Zr) was added to the Cu-15Al-4Ni alloy leadimg to grain refinement from 150 to 50 ym.  The microstructure
of the quenched samples exhibited two types of thermally induced martensite ('and ') to co-exist. In this case, '
has a more accommodating and zig zag structure than '. Increasing amount of CeO,, increased the amount of
the ' phase as structure is becoming more accommodating; best performance observed for the alloy with
0.5% CeO,. Addition of Y,O,and Zr to this alloy was not found to be satisfactory. Addition of 10% Zn to the Cu-
Al-Nibase alloys (Cu-12AI-4Ni and Cu-12AI-5Ni) resulted in the formation of flower shaped martensite typical
of y-phase. Martensitic phases observed during XRD studies of CuAl, CuZn and Al,Cu, were different from
that of the base alloy. Clear peaks pertaining to A, and A, were observed during DSC studies in the Zn
containing alloys unlike the base alloy. Addition of 10% Zn to the Cu-Al-Ni base alloys (Cu-12AI-4Ni and Cu-
12Al-5Ni) resulted in a completely changed microstructure in the quenched condition where flower shaped
martensite typical of y-phase precipitated. Also, best results were observed in the alloy with composition Cu-
12Al-4Ni-10Zn. The microstructure was shown to be very much dependent on alloying constituents. Thus it
can be concluded that addition of Zn has an additive effect; better is 74Cu- 12AI-4Ni-10Zn. Further addition of
5-10% Mn to the above alloy (74Cu- 12Al-4Ni-10Zn) was also made to see the effect. The cast structure was
granular in all the cases with grain size in the range of 50-100 pm. This type of a+f granular structure is an
indication of possible shape memory properties. Quenching resulted in the formation of mostly flower shaped
martensite, typical of y-phase. Maximum benefits were realized in case of adding up to 7%Mn; further
addition showed no improvement. The study thus suggests that high transformation temperatures are
achievable in this class of alloys through proper alloying additions.

Potential compositions were hot rolled from an initial thickness of 3 mm to 0.75 mm in a number of
steps and finally quenched in water. For rolling, samples were homogenized at 900°C for 2 hrs and rolled at
that temperature only. The rolled sample also exhibited clear transformation peaks in a manner similar to
those of the unrolled ones. The rolled samples also attained 100% strain recovery. Similar studies were
carried out for binary Cu-Zn and ternary Cu-Al-Zn alloys in an attempt to increase their transformation
temperatures with varying alloying constituents and additions. The shape memory properties of the rolled
samples (after martensitic transformation) were tested at 500°C; 100% recovery was observed. After the first
recovery, brittleness in the material was observed though repeatable recovery was still there. The brittleness
was observed in samples cooled naturally. However, the sample maintains its ductility if requenched after
recovery.
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Shape memory studies on rolled Cu-based SMAs




Quenched Samples of Cu-38.5Zn :A; 78Cu-12 Al-10Zn : D and 80Cu-10Al-10Zn : E

Quenching from high temperatures results in martensite formation in only some compositions and flower
shaped typical of y-phase is observed.

Variation in XRD peaks and transformation temperatures with composition

Variation of peaks is observed with composition in the XRD patterns of the alloys. DSC studies indicate
transformation clearly marked in Samples A to C; addition of Al as in Sample C shifts the transformation
temperatures; however addition of more Al or decreasing the Zn:Al ratio as in Samples D&E results in no clear
Austenite peaks. A clear deviation in transformation temperatures as a function of composition is seen. From
this class of alloys, it can be concluded that either of the two binary compositions with 5%Al addition would be
the ideal composition.
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P/M processed Cu-Al-Ni based shape memory alloys

Powder metallurgy processed SMAs have the potential to attain better mechanical properties as
compared to the one synthesized using conventional casting process because of better control over
composition and grain size. Cu-Al-Ni based shape memory alloys (SMAs) have been synthesized employing
the conventional powder metallurgy route. The effect of Al concentration on microstructural features, phase
evolution and shape memory transformation behaviour has been studied in order to develop high
temperature Cu-based SMAs. The shape memory transformation temperature for the alloy containing 12
wt% Al has been observed to be above 150°C. Increasing concentration of Al in the alloy led to a decrease in
the transformation temperature. Complete formation of martensite in all the samples has been noticed. The
grain size of the samples was observed to be in the range of 5-8 ym. The developed alloy is cost effective,
energy efficient, reproducible and has great potential to be used as SMAs for high temperature applications
such as sensors, actuators and vibration damping.
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Microstructure and XRD plots of Cu-Al-Ni SMA prepared after sintering with a heating rate of (a) 5°C/min b)
10°C/min and (c) 10°C/min with an intermediate holding during sintering cycle reveal complete martensite
formation
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Microstructure of Cu-Al-4Ni SMAs with different Al contents showing very fine grain size (4-8 pm) and martensitic
structure
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Carbon nano tube (CNT)/ nano particle dispersed shape memory polymers

Shape memory polymers (SMPs) have several advantages such as high recoverable strain, low
cost, easy formability and response to a wide range of stimuli, including heat, moisture, solvent or change in
pH, light, stress etc. over non-polymeric materials. Itis known that SME is not an intrinsic performance of a
polymer but it results from the combination of a polymer's molecular architecture, shape memory creation
procedure (SMCP) and its morphology. SMPs possess exceptional shape memory strain but their low
mechanical strength, particularly low recovery-stress, often limits applications. In order to overcome these
difficulties, different functional fillers including carbon nano-tubes (CNTs) and graphene have been
incorporated in an SMP matrix and properties studied. Modification in the SMP composite was introduced to
improve the energy stored during deformation at high temperatures. The conventional deformation step
required to fix a temporary shape of SMP was replaced by a progressive stretch-relax-stretch (PSRS)
scheme of deformation in order to obtain higher recovery stress in the composites. The recovery stress for a
fixed strain percentage was significantly higher for the samples subjected to the newly developed PSRS
scheme of deformation. Conventional stretching was done by continuously stretching the samples to the
maximum strain at 70°C at constant strain rate. The corresponding recovery stress for a fixed strain
percentage was significantly high in case of the samples subjected to PSRS scheme of deformation. For
example, the recovery stresses of PU-5CNT at 780% strain were found to be 6.95 and 3.68 MPa in case of
PSRS and conventional deformation schemes respectively. The CNT reinforcement was found to be
reasonably unformly distributed in the polymer matrix.
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Nanostructured Ni-Ti SMA

Materials with record functional and mechanical properties are very much in demand in many modern fields of
medicines and manufacturing. The most favourable material for such applications as aviation and space
technology, dentistry, surgery, orthodontia etc. is nanostructured Ni-Ti shape memory alloys (SMAs). Till date,
the most effective method to regulate and improve the functional properties of Ti-Ni SMAs has been a
thermomechanical treatment creating a well developed dislocation substructure. Application of new
thermomechanical treatment schemes involving severe plastic deformation (SPD) can produce
nanostructured alloys and thus opens greater possibilities for the regulation of structure sensitive functional
properties of SMAs. In this direction, a simple and cost effective powder metallurgy process has been
developed for the synthesis of nanostructured Ni-Ti alloy. The process involves mixing of fine elemental
powders for 8-10 hrs, cold compaction followed by sintering at 1100-1200°C. Combustion synthesis reaction
takes place during sintering which is followed by fast cooling of the material in the furnace. The sintered
material is then heat treated at 600-700°C for several hours in order to homogenize the austenite phase
followed by quenching. The developed process enables to curtail the long processing time and energy
needed for synthesizing Ni-Ti based based SMAs involved in the previously reported methods; the latter
involves pre-alloying by atomization or mechanical alloying. The SMA samples prepared by the modified P/M
route showed better characteristics in terms of microstructure, phase evolution and mechanical properties.
The formation of nanostructured martensite was found to occur in the samples sintered at 1100-1150°C.
Based on these studies, ternary Ni,,-Ti- Y, (where Y- Cu or Fe) alloys have been synthesized by sintering at

1150°C followed by quenching. Detailed studies of the ternary alloy are underway.
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XRD of sintered and quenched sample

FEM Based assessment of SMA 41

In the present study, the deformation behaviour of Ni - 49.5% Ti alloy during wire drawing process has been
studied employing commercially available ABAQUS software. Effect of friction coefficient and percentage
reduction in cross sectional area in a single pass has been investigated. Parameters considered were
drawing force, reaction force on the die, maximum energy dissipation in each case. The numerical study has
also been extended to assessment of a multiple pass wire drawing process. The minimum drawing force
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required for different percentage reduction in cross section area has also been determined. Attempts were
also made to understand the effect of different design parameters while using SMA material in the form of
springs. The parameters considered in the study were diameter of wire, coil diameter, number of turns etc.
The effects of these parameters were studied in terms of load carrying capacity and permissible stresses. The
information will be utilized in the development of devices using shape memory alloy in the form of a spring.
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Minimum drawing force prediction for wire drawing of Ni-Ti SMA

SMA Actuators

Keeping in mind the need for fabricating SMA actuators from the material to be developed at the
Institute, an attempt is being made to fabricate the same using commercially available Ni-Ti SMA wire. A few
actuators fitted in automobiles like dickey latch and petrol latch have been developed and tested.

Development of Novel CSIR Technologies for Manufacturing Tailored and
Patient-Specific Bioceramic Implants and Biomedical Devices at Affordable Cost
(BIOCERAM)

A process flow chart for making Ti Foam using different kinds of space holder has been developed.
Ti-foams with a wide range of porosity (50-85%) and cell size (50-300 um) were produced. The process for
making large size (50 mm x 50 mm x 15 mm) foams has also been developed. The developed foams exhibited
coarser cells due to the removal of space holders and fine micro (10-15 um) pores at the cell walls. These fine
pores at the cell wall make the foams capable of allowing the fluid to move through. In case of highly porous
foam (>75% porosity), the macro cells were noted to be largly open to the neighbouring cells permitting a
faster flow of a fluid like water and other liquids. The samples have been characterised in terms of strength,
modulus and energy absorption capacity. Strength of the foams varied in the range 15-90 MPa and modulus
8-26 GPa depending on the cell size and porosity level. The implant materials have been characterized in
terms of cell viability and corrosion behaviour.

Porous Ti foams with cell size above 250 um (average size 300 um)and below 250 ym (average size
130 ym ) were examined for cell viability test considering standard biofluid as the control. The test was
conducted using HELAand A549 cells. 7000 cells were seeded in 24-well plate with metals spherical and rest
7000 cells per well were added after 4 hrs. The cells were then incubated for 72 hrs before assay. 100 ng/ml
LPS for 30 hrs were taken as positive control. Encouraging results have been obtained. Most of the Ti-foams
performed comparable to LPS against HELA cells while the response was of mixed type against A549 cells.

Corrosion Behaviour of the foam samples have been carried out in Hank's solution through potentiodymanic
study as well as weight loss measurement technique. The corrosion rate was found to be very insignificant.
During the immersion study, slow deposition of calcium phosphate was noted indicating its potential for bio-
implant and bone scaffold applications. Fibroblast human cells have been procured and their growth,
adhesion and reaction against bacteria are being studied.
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Ti-foams with varying porosity
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Advanced ceramic materials and components for
energy and structural applications

The project is aimed to develop composite layer armours to stop 16 mm AP bullets (medium range
calibre). The composite layer consists of frontal ceramic backed by a metallic plate and polymeric layer. Since
the kinetic energy of medium calibre projectiles is reasonably high and lies in the range of 180-200 kJ, thick
advanced ceramics and glass — ceramics backed by metal plates are needed to be used. The main approach
under the project is to optimize the structure of the test panel using different materials like metals, ceramics
and others for the effective reduction of overall weight of the panel over that of the conventionally used armor
grade steel plates. The involvement of CSIR-AMPRI in this exercise is to develop a strong and tough Al alloy
plate which could act as a backing material to stop the bullet. The Institute has developed AA5083 and
AA6061 Al alloy plates employing hot forging. Detailed laboratory scale investigations pertaining to
characterizing mechanical properties, Young's modulus, impact resistance and microstructural features have
been carried out. The forged plates have been sent to CSIR-CGCRI Kolkata for performance evaluation
under actual working conditions. Preliminary observations suggest that forged AA 5083 plates are capable of
absorbing more energy than those of the forged AA6061 alloy.

Molecules to Materials to Devices (M2D)

The project activity aims at the development of a microfluidics based technique for separation and
detection of bio-molecules and microfluidics support for microdevices. Fluorescence detection and
identification of eight sulphonamides using capillary electrophoresis in lake waste have been carried out. A
simple and sensitive capillary electrophoresis method with fluorescence detection has been developed for
the determination of sulphanilamide, sulphamerazine, sulphacetamide and sulphanilic acid, sulphathiazole,
sulphisomidine, sulphadoxine and sulphadiazine in lake water. The sulphonamides were extracted from lake
water, derivatized with fluorescamine and determination of sulphonamide was achieved using 20 mM borate
buffer of pH 9.5 at an applied voltage of 25 kV. Detection was performed using UG-11 excitation filter of 405
nm and 495 nm emission filters. A fast, simple and sensitive method with a limit of detection in the range
0.89-1.43 n mol L™ for all the eight sulphonamides with good recoveries of 80-110% is seen. Inter-day and
intra-day validation of the separation method shows fairly good results. The detection and quantification limits
for this newly developed method are too low to determine drug residues in lake water. A method has been
developed for the determination of human serum albumin and gamma globulin using capillary
electrophoresis after precolumn derivatization using fluorescamine. Application part of the developed
method and quantification of candidate cancer metabolite biomarkers (sarcosine, cystationein, homocystein,
alanine, leucine, isoleucine, norleucine and proline) and their detection after derivatization with FITC work is
underway.
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Development of Spatial Decision Support Systems (SDSS) and Hydrological
Modelling for Assessment and Management of Nutrient and Pesticide Pollution
Load as NPS pollution in Agricultural Watersheds

The project activities aim at creating sustainable options for clean water for the rural masses. Work elements
include data collection, generation, analysis, remote sensing and GIS mapping and field experiments to
develop an understanding about the impact of nutrients and pesticides in the form of long term spatio-
temporal series. The exercise also involves testing, verification and comparative evaluation of selected
models for the purpose and development of a suitable SDSS model. Generation of thematic maps using
various parameters also forms an important task under the project. The work carried out in this case includes
preparation of a base map for and collection of field data from the region of study needed for the development
of appropriate models.The base map of the study area represents a watershed comprising two nalas namely
Gerwa Nala and Godar Nala. The name of the watershed has been given as Magarpunchh watershed based
on the name of the village where both nalas meet. The selection of the study area Magarpunchh watershed
has been made on the basis of field survey carried out in many villages of Obedullahganj Block, Raisen
District, M.P. The survey involved taking runoff measurements of the river (nalas) in the selected regions.
Data collection regarding water level and flow rate in the stream has been started. Water level and flow rate of
Gerwa Nalaon 31 July, 2015 has been measured as 48.77 cm and 11 cm/sec respectively.

Site at Gerwa nala of magarpunchh
watershed performance.

Measuring water level in Gerwa nala of Discussion in progress with villagers in
Magarpunchh watershed Magarpunchh watershed
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CSIR Knowledge Gateway and Open Source
Private Cloud Infrastructure (KNOWGATE)

Major objectives under the programme are to (a) enhance the capability of CSIR towards
computational science through CSIR private cloud Infrastructure and Open Source Software Technology
Solution Cell (OSSTSC), (b) provide the knowledge resource centres (KRCs) of different CSIR Institutes
through an Integrated Library Management Solution using open source software, (c) share information
resources among different CSIR laboratories by creating CSIR Distributed Library: catalogue sharing; inter
library loans & referral services for document supply and (d) analyze CSIR research, technology and related
data using multi-dimensional analyses. The outcomes are envisaged to create and make available a platform
to share the R&D expertise and other knowledge resources existing at different CSIR labs to all the CSIR labs.
The work derives strength from the fact that the use of information technology tools to handle a large volume
of data/information across various sectors has become a primary need of the present scenario. Further, open
source, large data/ information collections, knowledge management, performance management etc. could
be managed through cloud computing. Cloud computing can be leveraged as a catalyst for process
transformation and service innovation in S&T. The exercise could finally lead to an open access information
system for the mutual benefit. Steps involved therein include systematic documentation and uploading of the
information available in different forms in a central server accessible to all. This is envisaged to offer a more
effective documentation of information available in different forms and hence increase the efficiency of their
storage and retrieval/utilization. This is also expected to provide CSIR KRCs an integrated library
management solution using open source Software and share information resources among CSIR
Laboratories by creating CSIR Distributed library: catalogue sharing, inter library loans & referral service for
document supply service and analyse CSIR research, technology and related data using multi-dimensional
analyses.
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Grant-in-Aid Projects

Utilization of Low Cost Minerals of MP for the Development of
Hyperbranched Alumino Silica (HAS) and Meso Porous Silica Material to
Sequester the Effects of Greenhouse Gases

Novel hyperbranched amino silica (HAS) material synthesized by using an alumina silicate mineral
(pyrophyllite) has been reported to be an inexpensive and effective adsorbent for CO,. High alkali sericitic
pyrophyllite is a relatively more inexpensive mineral abundantly found in Madhya Pradesh (India). It has been
widely used as an adsorbent to adsorb organic dye, inorganic metal ions and waste gases. The present work
was undertaken to examine the utility of pyrophyllite for the synthesis of porous silica material which was
further modified with azridine and HAS were synthesized as an adsorbent for CO,. HAS was synthesized
employing a two step process. In the first step, porous silica (PMS) was synthesized from pyrophyllite. The
PMS was subsequently used as the substrate and treated with aziridine in the second step of synthesis. The
effects of both the porous silica PMS and the hyper branching reaction of HAS on the adsorption of CO,have
been studied. Synthesized materials were characterized by Different instrumental techniques such as X-ray
diffraction, FTIR and Scanning electron microscope (SEM) and BET surface area for different study before
and after CO, capture. The maximum CO, adsorption capacities for PMS and HAS materials have been found
tobe 111.7 mg/g and 267.2 mg/g sorbent over a period of 1 hour at 0.5 L/min constant flow of CO, gas.

Characterizing Numerical SZW Evaluation for Determining
Ductile Material Fracture Toughness (J,,,)

An attempt has been made to establish a numerical prediction methodology of critical SZW
evaluation which will finally help in determining geometry independent fracture toughness (Jg,,) of ductile
materials. The variation of relative crack size (a/w ratio), thickness and geometry of fracture specimens have
been considered. The study has been demonstrated using two materials viz. Mod 9Cr1Mo and 20MnMoNi55
steel used in Indian nuclear power plants. The variation of critical SZW as a function of fracture specimen
thickness has also been checked against different minimum fracture thickness criteria available in literature
for the evaluation of geometry independent elastic-plastic fracture parameter which also includes criteria
given by ASTM standards.

It has been found out numerically that there is not much variation in critical SZW when considering a
change in relative crack size. This was also agreed through experimental results for the two studied materials.
However, it has been observed both experimentally and numerically that the critical SZW varies with the
thickness of fracture specimens. It has also been found that the minimum thickness criteria available in
literature including the one given by ASTM do not hold good in case of critical SZW variation due to sample
thickness, the criterion suggested by us being an exception. The predicted initiation fracture toughness
(Jszw) value for these two materials matches well with the reported values.

The present work has also been extended to develop a methodology for numerically predicting
critical SZW under mixed mode (I/1ll) conditions. A methodology has been developed to predict critical SZW
and Initiation fracture toughness under mixed mode (I/lll) fracture condition, which has been validated with
experimental data. The newly developed methodology also predicts the mechanism involved in the formation
of critical SZW, when using blunted crack front.
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Development and Optimization of Processes for Permanent
Hydrophilic and Hydrophobic Surface Coatings with Nanoparticles for
Multifunctional Finishing of Textiles

The activity has been carried out under the bilateral program of Cooperation in S&T with the
University of Minho, Portugal. The ultimate goal of the proposed study is to establish fundamental principals
and develop and optimize the process for the production of nanofinished textiles using polymer nano
composites based on copolymers in combination with inorganic nanoparticles with an objective to improve
textile functionalities like UV resistant, antibacterial, flame retardant and odour fight finishes.

Improvement in existing properties and the creation of new material properties are the most
important reasons for the functionalization of textiles. Polymer nanocomposites offer the possibility of
developing a new class of nanofinishing materials for textiles with their own manifold structure-property
relationship only indirectly related to their components and their micron and macro-scale composite
counterparts.Though polymer nanocomposites with inorganic fillers of different dimensionality and chemistry
are possible, efforts have only begun to uncover the wealth of possibilities of these new materials.
Approaches to modify the polymer nanocomposites by various inorganic substances can lead to a huge
number of additional functionalities which are increasingly demanded by the textile industries.

In this research work zinc oxide nanoparticles were prepared by wet chemical method. ZnO-PMMA
nanocomposites were prepared by dispersing the ZnO nanoparticles in a solution of PMMA. The composites
were applied on polyamide fabrics by padding. The aims are to impart superhydrophobicity and UV protection
function to the polyamide textile surface. The nanofinished polyamide fabrics showed superhydrophobicity of
about 163°. The results also showed that the impregnation of fabrics with ZnO-PMMA nanofinishings also
enhanced the protection of polyamide fabrics against UV radiation.

FT-IR studies of the polymer adsorbed ZnO nanoparticles confirmed that the polymer molecules
chain anchored on the surface of the ZnO nanoparticles. The improved interfacial interaction between the
particles and polymer enhanced the thermal properties of the composites. The results also show that the
newly prepared polymer composite matrix has the ability to disperse the ZnO nanoparticles and the particles
almost remain in their original shape and size even after incorporation into the polymer matrix. Nevertheless,
it was also found by dynamic light scattering analysis that the mean particle size of the dispersion was
increased with increasing ZnO content. The mechanism of the absorptiom of Poly(N)isopropylacryl amide
(PNIPAM) on to the ZnO nanoparticles imparting — ve charge to the surface of the nanoparticles has also
been understood.

High performance polymers exhibiting multifunctional characteristics can be also be prepared by the
introduction of inorganic nanoparticles like SiO, into the functional polymers. In the present work, a copolymer
epoxy poly(dimethylacrylamide) was synthesized to disperse the SiO, nanoparticles and characterized in a
manner similar to the ZnO dispersed polymer composite.

Development of Cast In-Situ Copper-Based Composites for Naval Applications

The objectives of the present research are to synthesize cast Cu-based alloy-TiC in-situ composites
using SHS process and to study their microstructural, mechanical and wear behavior. The response of the
developed composite materials has been compared with that of their conventional counterparts like nickel-
aluminium bronzes (NAB). In view of the above, dispersoids TiC particles have been generated within the
matrix i.e. in-situ by self propagating high temperature synthesis (SHS) process, also known as combustion
synthesis technique. The concentration of TiC in the composites has been varied in the range of 5-10 wt%.
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The morphology of the TiC particles was by and large spherical. The interfacial bonding of the TiC
particles with the matrix was found to be reasonably sound. The average size of the TiC particles was
observed to be ranging from 500 nm to 2 um. The hardness of the composites was found to be greater than
that of the Al bronze matrix and NAB alloy. The density of the processed composite having 10%TiC was also
lower than that of the conventionally used NAB alloy. The tensile strength of composite with 5 wt% TiC was
slightly lesser than that of Al - Bronze which decreased further with increasing TiC content. The yield strength
of AB-10TiC was noted to be higher than that of the AB alloy and slightly lesser than the NAB. The
compressive strength of AB-TiC composite was comparable to that of NAB.

Erosion-corrosion behavior of the processed material was carried out in artificial sea water and sea
water+20% sand. The wear rate was found to decrease with increasing traversal distance up to 600 Km. In
both conditions, Al-bronze (AB) exhibited higher wear rate while the AB-10TiC composite experienced
minimum wear rate. The wear rate of these materials followed the following sequence: AB >Nickel- Al-bronze
( NAB) > AB-5TiC > AB-10TiC. Abrasive wear resistance of the Al-Bronze (AB) with 5% and 10 wt% TiC
composites was also found to be superior to that of the Al Bronze matrix and NAB alloy. Corrosion resistance
of the Al bronze (AB) with 5% and 10 wt% TiC composites was also found to be slightly superior to that of the Al
Bronze matrix and NAB alloy.

Welding of AB-10TiC composites was carried out with TIG welding technique using 3 mm diameter
70/30 brass as the filler. Two experiments were carried out: inert gas (Ar) and normal air environments.
Welding was done in single V groove geometry. Welding of Cast In-situ AB-10TiC was superior in argon TIG
welding as compared to welding in ambient condition. In all, the Al-bronze with 5% and 10 wt% TiC was
superior to that of the used Al bronze matrix and slightly better than the NAB alloy.

Synthesis and property characterization of Cu-TiB, composites prepared by simple mixing and
mechanical milling (P/M route) have also been studied. The TiB, ceramic particles were mixed with copper
and subjected to further milling in presence of copper. The TiB, particles were seen to be distributed uniformly
in the copper matrix and possessed sound bonding with the matrix. The TiB, particles in the as mixed
condition ranged from 1-5 micron whereas it was observed to be 0.5-3 micron after getting milled. The effect
of increasing BPR and TiB, content on the changes in the properties of the composite has been studied.
Further, hot densification of these composites exhibited nearly two times improvement in the properties as
compared to pressure less sintering. Cu-5TiB, composite milled at 5 BPR has shown superior property after
hot pressing as compared to other composites.

Material Al-Bronze (AB) AB-5TiC AB-10TiC NAB
UTS, MPa 465 450 415 648
Yield Strength( YS), MPa 324 361 410 488
% Elongation 5.5 2.7 1.8 3.0
Compresssive strength, Mpa 1049 1067 1118 1149
Bulk Hardness (HB30) 182101 203+03 261102 224101
Density (g/cc) 7.42 7.19 6.89 7.54

Mechanical properties of processed alloys and composites




Abrasive wear rate of bronzes and AB-TiC composites

Erosive-corrosive wear in artificial sea water

Material OCP (Volt) E-CORR (Volt) I-CORR (Amp/cm2)
NAB -0.305 -0.312 2.8x10-7
AB -0.356 -0.361 2x10-7
AB-5TiC -0.318 -0.285 1.8 x10-7
AB-10TiC -0.180 -0.250 1.2x10-7
Electro-chemical test results

Welded AB- Hardness (HV) YS (MPa) |[UTS (MPa) |Elong. %
10TiC

Base metal Interphase Welded zone
Atmospheric 17715 264126 14808 26.70 26.95 0.44
condition
Argon 218+11 238445 135+19 102.25 152.70 1.68
Atmosphere
As Cast AB- 26112 410 531 1.8
10TiC

Mechanical properties of welded composites
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Mixing type & | Composition |Hours |Green |Sintered density, Densification Electrical
Ball ratio density, | (%Th) parameter conductivity, %IACS

(Th) Pressure- | Hot Pressure- | Hot Pressure- | Hot

less pressing |less pressing |less pressing

Simple Pure Cu - 79.2 84.5 98.5 27.6 92.7 72.8 95.4
Simple mixing | Cu-5TiB2 2 |80.00 |81.2 92.67 6.06 61.01 44.8 75.0
Simple mixing | Cu-10TiB2 2 |79.10 |[81.10 92.61 9.69 60.90 46.14 64.62
Ball milling (5:1) | Cu-5TiB2 16 |73.62 |76.55 86.45 10.58 42.21 29.4 43.71
Ball milling (5:1) | Cu-10TiB2 16 [71.90 |74.04 84.65 7.691 40.87 23.09 42.49

Physical properties of the composites (comparison of pressure-less and hot pressing)

Mixing type & Material Hours Hardness HV@5 Kg 3- point bending (flexural) strength (MPa)
Ball ratio
Pressureless | Hot pressing Pressureless Hot pressing

Simple Pure Cu - 42 75.85 55 134.4
Simple mixing Cu-5TiB2 2 78 113 114 288.87
Simple mixing | Cu-10TiB2 2 67 119 95 287.19

Ball milling (5:1) | Cu-5TiB2 16 131 291 222 492.51

Ball milling (5:1) | Cu-10TiB2 16 112 333 135 257.43

Comparison of pressure-less and hot pressed condition in terms of hardness and flexural strength of Cu-TiB,
composites

Development of Design Mix of Irradiation Shielding Concrete
Using Advanced Shielding Materials

Conventional shielding concretes are based on merely physical mixtures of iron metal shots, hematite
ores and cement etc. Further, a large variation in the density of these constituents requires a very special care
to obtain a homogeneous shielding matrix. Advanced chemically formulated and mineralogically designed
multicomponent multi phase containing synthetic high density shielding aggregates were developed by the
processing of an aluminium industry waste i.e. red mud. The objective of the project was to develop a design
mix of irradiation shielding concrete using advanced shielding materials. Processing of red mud along with
appropriate additives enables formation of a variety of ceramic phases with multi elemental compositions and
multi layered crystal structures namely, barium aluminates — called celsian and silicates of barium, iron,
titanium namely bafertisite possessing a hexagonal with trigonal bipyramidal crystal structure. The red mud
waste inherently contains a variety of  elements namely iron, titanium, aluminum, silicon, calcium,
magnesium and sodium etc and thus makes red mud the most suitable multicomponent resource material for
developing multi phase containing shielding aggregates. Further, these multielements in the red mud are
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present in the form of oxide, oxyhydroxide and hydroxides having low as well as high atomic number
elements namely sodium, iron compounds respectively. They are non-toxic in nature. Improved radiation
shielding characteristics of the processed red mud containing materials emanates from the uniformity of
distribution of different elements/ccompounds that are densely packed therein in view of their mulstructural
nature.

Design mix for the irradiation shielding concrete was developed by using different
proportions/compositions of coarse and fine aggregate mixtures of the developed synthetic shielding
aggregates followed by curing. The developed concrete achieved the design compressive strength of M-30.
The assessment of compressive strength after 28-224 days suggests the developed concrete to be durable.
The developed concrete achieved a shielding attenuation factor of 5.8 in the case of ’Cs, high energy
gamma radiation source as compared to 5.1 for the conventionally used material (hematite ore concrete) for
the purpose.

Observations made in the present study suggest that improved engineering and radiation attenuation
properties of the developed red mud based synthetic shielding aggregates for making irradiation shielding
concretes make them suitable to effectively replace the conventional hematite ore aggregates in nuclear
power plant applications. This could also facilitate bulk utilization of alkaline red mud waste for making
advanced shielding aggregates and thereby help conserve the non replenishable hematite ore natural
resource otherwise required for the purpose.

Development of the design mix of synthetic shielding aggregate based irradiation shielding concrete
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S.N | Sample Details Dimensions Density Gamma Attenuation | Digital X-ray (300
(cm.) (Kg/m3) Factor (Source: KV) Exposure
137Cs, Energy: 662
KeV)
1 |Basaltic Aggregate 30X30X7.2 2570 3.21
Concrete
(BCC-1)
2 |Hematite Ore based 30X30X7.2 3640 5.10
Concrete
(HSC-1)
3 |Red Mud based Synthetic | 30X30X7.2 3586 5.80
Aggregate Concrete
(HAS-7)

Properties of irradiation shielding concrete slab samples tested at BARC, Mumbai

Development of Porous Bioactive Ti-Based Composites for
Bioimplant Applications

The proposed work aims to develop a process for making cenosphere reinforced Ti-porous
composites and to make them bioactive for bone scaffold applications. Ti-cenopshere foams with varying
volume fractions (50-80%) and sizes of cenospheres were synthesized through powder metallurgy (P/M)
route. The green compacts were sinterred employing microwave as well as normal sintering techniques. The
samples sintered under microwave exhibited faster sintering. The cenospheres were distributed uniformly
and 5-10% cenospheres broke and got mixed within the matrix. A minor amount of Ti also got oxidized. As
TiO is also bioinert, it is not envisaged to impair the performance of the composite foams into bone scaffold
applications. The strength and modulus of these foams were close to that of the human bone. Corrosivity of
the material in Hank’s solution is noted to be negligble indicating its bioinertness. Cycotoxicity and cell viability
testresults indicate the possibility of using these foams as bone scaffold. Detailed invitro tests are in progress.
Attempts are also being made to make these foams more bioactive through spin coating of HAP on it.

L929 Cells

Call Viability

=" &
PGS

Microstructure Ti-60 vol% cenosphere syntactic foam Comparative performance of
Ti-foam cell with that of HAP and
Ti-HAP during viability test
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Deformation Behavior of Aluminium Alloy Sheet in Non-Axisymmetric Stretch
Flanging Process by Experimentation and Finite Element Method

Flanging is one of the important sheet metal forming processes. It is widely applied in automobile and
aerospace industries to manufacture curved parts. This process consists of making a flange of sheet with the
help of tools like die, blank-holder and punch. In practice, blank is clamped between the die and the blank-
holder and a force is applied through punch on the blank for the formation of flange. Flanges are generally
used to obtain a smooth rounded edge and higher rigidity in the parts. Stretch flanging is one of the basic
forms of contoured flanging. In this process, the metal remains in tension in the circumferential direction
which causes stretching of the sheet in this direction. This work enables to understand the process and to
examine the effect of various parameters on the deformation behavior of a sheet. Thinning of sheet and
fracture at the edge/corner of the flange are generally two major modes of failure during stretch flanging
process. Accordingly, this work is also envisaged to optimize various parameters leading to minimize failure. It
involves experimental as well as finite element simulation of the sheet forming process for AA 5052 to
understand the process effectively. Some work has already been carried out in this direction and comparison
made between the experimental and the FE simulation results in terms of crack location and its propagation in

the sheet during forming.

Comparison of experiments and FE simulation results

R&D Studies on Development of Advanced Geopolymeric Coating Materials for
Protection of Corrosion of Mild Steel Reinforcement Used in Concrete Structures

Reinforced concrete is one of the most important construction materials used all over the world. It is
subjected to adverse environmental conditions causing corrosion of the mild steel reinforcement and thereby
a decrease in the life of reinforced concrete based structures. In order to address this problem, various types
of coating materials have been developed leading to different levels of success. However, research is still
continued all over the world towards developing advanced coating materials with improved corrosion
resistance and higher degree of adhesion with the substrate. Geopolymers, which are alkali activated
amorphous to semi crystalline aluminosilicate materials, are widely studied over the recent past as one of the
important corrosion and fire resistant coating materials. The aim of the proposed work is to develop novel
advanced phosphatic geopolymeric coating materials for mild steel substrates. Different compositions of
phosphatic geopolymeric coating materials have been developed utilizing fly ash, red mud, phosphate and
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other additives by a novel process. Mild steel plates have been coated using the developed materials by
paint brush, spray, dip and spin coating techniques. X-ray diffraction pattern of coating compositions
indicated the presence of sodium silicate and hydrated sodium aluminium silicate alongwith amorphous
aluminosilicate gel phase. SEM images indicated uniform morphology of the coating material on the
substrate. The coating material (geopolymer) adhered well on the (mild steel) substrate. Results indicated
that the developed coating material possesses promising water resistance, corrosion resistance
characteristics and adhesion properties. Further studies towards the development of more novel
compositions are in progress.

Phosphatic geopolymeric coating on mild steel by spray gun

Use of Cenosphere for Making Cost Effective Aluminium Cenosphere Syntactic
Foam for Engineering Applications and Metal Artefacts

The proposed work aimed at utilizing cenospheres, a waste product of thermal power plants, for
making aluminum cenosphere syntactic foams. The cenospheres were spherical in shapes having porosity
around 75%. The XRD of cenospheres confirmed the presence of ~90% mullite along with quartz, graphite,
CaCQOg3, FeSiO3. This makes the hollow cenospheres to be useful for making Al cenosphere syntactic
foam. Around 6 wt% (corresponding to 35 vol%) cenospheres were used for making the syntactic foams
through simple stir-casting technique. The foams exhibited uniform distribution of cenospheres. The density
of foams was noted to lie in the range of 1.85-1.95 g/cc. Remelting of syntactic foams followed by furnace
cooling led to the formation of functionally graded layered aluminum syntactic foams with the cenosphere
content decreasing gradually from the top layer to the bottom one. These foams, even though porous in
nature exhibited excellent sliding wear resistance. The strength of these foams was significantly higher (>70
MPa) than that of aluminum alone foams. The energy absorption of these foams are > 50 MJ/m3 up to 0.4
strain level along with damping capacity one order less than that of dense aluminum alloys.

Flyash cenospheres Al-cenosphere foam Syntactic foam billet Layered foam
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Modeling of Soil Behavior Change due to Ground Water Level Variation for
Rural Water Resource Management

The program has been started to (a) observe the effect of depth of ground water level on soil
temperature and moisture, (b) explore and describe different aspects and basic physical principles involved in
the process of determining the groundwater effect on soil temperature and moisture, (c) estimate the soll
moisture content at different depths using satellite data and (d) develop a hydrological model to simulate
groundwater level using satellite data. Two sites have been selected for analyses. One of the selected sites
pertains to shallow ground water condition in alluvium formations and the other falls in the category of deep
groundwater conditions in intercalation of hard rock and soft rock formations. Field surveys have been
conducted during pre and post monsoon seasons for collecting pre- and post- monsoon water level data at
different locations wihin the study areas. Soil sampling has been carried out for soil moisture and texture
determination in laboratory. Rainfall data of last seven years (2009-2015) have been collected from the Indian
Hydromet Division, New Delhi. The daily atmospheric temperature data of the study area has been taken from
online sources. Satellite imagery has been taken from online data sources and maps prepared from satellite
imagery and toposheets with the help of Arc GIS software, like Base Map, drainage map etc.
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Prosthetic Applications of Shape Memory Alloys

It is a common belief that improvement of actuation systems will have a crucial impact on the
development of more anthropomorphic and functional prosthetic hand/gripper. One of the emerging
technologies in the actuation field concerns the utilization of novel, smart material based SMA wires. Their
incredibly high power to weight ratio along with the ability to operate with a biologically similar motion suggest
that they could be an ideal solution to the size and weight constraints of prosthetics. In this research work, an
SMA actuation system has been integrated with a prosthetic hand/gripper. One of the most promising
actuation technologies is based on shape memory alloys (SMAs). SMAs can exhibit an actuation mechanism
resembling biological muscles since they contract producing high actuation forces. These muscle like
actuators present high power to weight ratio enabling the development of compact, lightweight prosthetic
devices.

The prototype developed employing an SMAwire can be used for the movement of jaws of grips to hold
and release objects. The gripper is designed to have two gripping arms/jaws to hold/release objects. These
jaws are mounted on the base plate to move in a semicircular path for the purpose. A single SMA wire along
with a biasing spring is used and mounted to open and close the jaws. The SMA wire is used for closing the
jaws with force while the bias spring resets the wire to open the jaws. The jaws operate smoothly.
Resistive/joule heating method is used to achieve the transformation temperatures of the SMA wire enabling
it to display its shape memory effect. Heating employing a pulsating current has been found to be more
effective precisely control the action of the SMA wire. A set of pulses of fixed frequency and varying duty cycle
is supplied to the SMA wire for controlled heating. For heating purpose, a pulse width modulation (PWM)
electronic circuit has been designed and developed for the precise control of the gripper movement. The
heating currentis required to be 0.77A and the effective voltage 5V for the designed gripper.

Experimental set up for the SMA driven gripper

Development of Fly Ash Based Advanced Ligno Silico Aluminious Geopolymeric
Binder Useful for Making Cement Free Concrete

To find out alternate materials for ordinary portland cement concrete in construction and for protecting
the environment from carbon dioxide emission, a fly ash based advanced ligno-silico-aluminious (LSA)
geopolymeric binder being developed by utilizing industrial and agro wastes. In this study, Class F fly ash and
rice husk has been utilized in the formation of LSA binder. The effect of molarity of additive activator on the
compressive strength of LSAbinder is being studied. Molarity in the range of 6.25-13.75M was chosen for the
study. Fly Ash based LSA binder based concrete mix design is also being developed and tested for
compressive and flexural strength properties. The target compressive strength for the proposed concrete is
M-25.




NaOH Flakes

Boiling Raw Materials Filtration of Lingo-Silico- Ligno-Silico-Aluminious
Aluminious Alkaline Activator Alkaline Activator

Water Oxidation Catalysis by Cheap and Abundant First Row
Transition Series Metal Oxides

The objective of the project is to look for an alternative energy source of future fuels through the study of
water oxidation reaction that has always been seen as a key reaction for the production of hydrogen. In a
water splitting process, an anodic reaction involves the transfer four electrons that is energetically more
demanding and requires a catalyst to accomplish oxygen production at a relatively lower overpotential. The
challenge in this process is the development of an efficient catalyst made of cost effective, non toxic
elements. In this study, two metal oxides namely manganese and nickel oxides have been explored as water
oxidation catalysts. The work carried out so far involves the synthesis of nanostructured 3-MnO, and Mn,O,
and exploring their use as a water oxidation catalyst. Mn,O, nanorods with Mn in +3 oxidation state have been
prepared by a novel technique and shown to achieve high electrochemical activity. It has been demonstrated
that the oxidation state of Mn in manganese oxide has a strong impact on its electrocatalytic response
towards water oxidation reaction.

Screen printed nickel oxide (NiO) nanoparticles and microballs were shown as efficient
electrocatalysts for water oxidation under near neutral and alkaline conditions. Investigations of the
composition and structure of the screen printed films, by XRD, XAS and SEM, confirmed that the material was
present as the cubic NiO phase. Comparison of the catalytic activity of the microball films to that of films
fabricated using nickel oxide nanoparticles revealed that the microball films outperform nanoparticle films of
similar thickness due to a more porous structure and higher surface area.
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Sponsored Projects

Utilization of a Variety of Fly Ashes Available at M/S JSPL, Raigarh for
Developing Cementatious LSA (Ligno-Silico-Aluminous) Materials

Main objective of the project was utilization of different types of fly ashes that were available with M/s
JSPL, Raigarh in an environment friendly manner through geopolymerization approach. Demonstration of
non-structural applications like road was also undertaken during the study which highlighted the importance
of bulk utilization of fly ash. The work involved the utilization of an agro-residue (rice husk) for preparing its
extract (mother liquor) and use of the liquor for making geopolymeric samples. The samples were made using
the JSPL fly ash and mother liquor of different molar concentrations. Cubes were cast with different molar
concentrations and kept in the oven at 600C for 24 hrs for initial drying, they were then kept for sun drying for
7-28 days to check the final compressive strength. The X-ray diffraction studies showed mullite as the main
constituent along with quartz, Herschelite and nahcolite. The pH of the sample was found to be 8.5 suggesting
the material to be slightly alkaline with bulk density 0.7 g/cc and specific gravity 2.1. The loss of ignition was
found to be 0.53% and amorphous silica estimated was 22%. It was found that when 13M mother liquor was
mixed with the fly ash and cubes were prepared and cured at 7, 14 and 28 days, the compressive strength
was in the range of 8- 29 MPa. The maximum strength was observed for the cubes made using the mother
liquor extracted after 14 days of fermentation and the cubes are cured for 28 days. Results successfully
demonstrate the use of LSA based super-plasticizer in making cement-free green cementitious materials for
non-structural applications like road in an environment friendly manner with good compressive strength. A
patch of road was also laid at JSPL premises to demonstrate the same.

Sample Cube Preparation in progress
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Laying of road at site utilizing JSPL fly ash

Development of Aluminium Alloy Silicon Carbide Metal Matrix Composites &
Analysis as per Specifications

Activities in this case include material synthesis and characterization, component design and
fabrication employing the developed material and evaluation of its performance under actual working
environments/conditions. LM25-10 wt% SiC composite has been synthesized employing liquid metallurgy
route and characterized in terms of microstructural features, mechanical properties and damping behaviour.
Based on the encouraging laboratory scale observations pertaining to the material behaviour, a component
namely torpedo nose cone has been synthesized using the composite. It may be mentioned that the nose
cone is fitted in front of the torpedo system and accommodates a large number of electronic signal receiving
and processing devices. One of the major problems in signal reception and processing is the interference of
noise/vibration created by the motor assembly and other rotating components with the incoming and outgoing
signals through the device. Thus, it becomes imperative to minimize the interference of noise/vibration from
the surroundings with the signals received and processed through the devices placed inside the nose cone.
Forged Al alloys are conventionally used for fabricating the nose cone and a substitute with superior
noise/vibration damping characteriscs is always desired. The developed composite material aims to
substitute the conventionally used forged Al alloy with a material having superior damping characteristics that
could enable the component to receive and process signals with minimum noise/error for more effective
working of the torpedo system. The fabricated nose cone has been sent to the sponsoring agency for further
testing on a component level. The component has passed the required leak test and tests pertaining to its
vibration damping and noise attenuation characteristics are in progress.

Side Rear inside insideinside Front inside

Typical photographic views of the developed Al MMC torpedo nose cone
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Feasibility Studies on a Variety of Fly Ashes Available at M/S Sesa Sterlite Limited
(Vedanta Group Company) Lanjigarth, Dist. Kalahandi, Odisha for Developing
Cement-Free Concrete of Varying Grades Depending on the Characteristics of Fly
Ash and Aggregates for Non-Structural Applications

The purpose of carrying out the study is to address environmental problems arising out of the disposal
of fly ash by converting it into useful materials. Four varieties of fly ash have been collected from the source
and analyzed in terms of their morphology, chemical composition and phases present therein. One of the four
samples analyzed has shown potential for making cement-free green concrete.
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Experiment in progress

Utilization of Barium Sulphate Sludge (Brine Sludge) generated during
Caustic Soda Manufacturing Process Operation at M/s Grasim Industries Limited,
Chemical Division, Birlagram Nagda (M.P.) for making Radiation
Shielding Materials

The objective in this case is to develop a process and material composition suitable for masking barium
enriched X-ray shielding tiles for diagnostic X-ray and CT scanner rooms and other radiation shielding
installations. It has been reported that a barium enriched matrix, when combined with the conventional
cementitious matrix, shows adequate shielding to radiation in addition to possessing very good compressive
strength and abrasion resistance. A novel method for making radiation shielding materials utilizing red mud
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and barium compound has been developed by ceramic processing route using phosphate bonding. The
possibility of developing red mud and brine sludge based shielding materials through in situ crystallization of
various effective shielding phases such as barium iron titanium silicate, barium aluminium oxide, barium
aluminasilicate, etc. utilizing barium containing waste/compounds has been explored. The study involves the
utilization of barium sulphate sludge (brine sludge) generated as a waste at M/s Grasim Industries Limited,
Nagda for the development of radiation shielding materials/tiles. Detailed studies of physico-mechanical
properties like impact strength, compressive strength and water absorption of the tiles have been carried out
and found to meet Indian standard specifications. The quantitative determination of radiation shielding tiles is
in progress. The tiles have been prepared by obtaining powder from the sludge and then dispersing the
powder in polymeric/cementitious matrices.

3003 2015 0007TES DIRECTOR AMPRI BHOPAL TEST SELF
CAREER INSTITUTE OF MEDICAL SCIENCES (CIMS) Ph 0755- 2488090

Preliminary tests carried out to show homogeneous shielding properties of the developed tiles
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Turbine Blade Failure Analysis

Inthe presentwork, a failure investigation was carried out in a more than 30 year old thermal power plant.
The objective was to find the root cause of the failure and suggest remedial measures to minimize/avoid such
failures. The failed blade (no. 18) was fitted with an 8 stage low pressure (LP) turbine, the total number of
blades in the assembly being 92. The possibility of blade failure due to fatigue was considered to be the
minimum since these blades were replaced nearly 3-4 months back only. In addition to going for the
conventional mode of failure investigation involving the addressal of material and operation related issues, an
in-depth review of service exposed conditions was also carried out by creating a solid model of the turbine
blade and analyzed it using finite element method (FEM). Due to the damage in the failed blade (no. 18), the
geometry of the blade (no. 17) adjacent to the failed one was used to generate the solid model. Variation in the
cross section and angle of rotation with the change in length of the blade was taken care of to generate the
correct geometry of the blade. True stress - strain curves used in the FEM analyses were obtained by
conducting tensile tests of all the three blade materials. The FEM analyses were carried out using
commercially available ABAQUS software. The mesh is having 24,225 elements and 26,487 nodes. The
explicit solver with reduced integration technique was used in the analysis. FEM results also confirmed the
location of first crack initiation (location 1) as also confirmed through the visual examination of the failed
blade. It was also found numerically that the failure at other two locations (2 and 3) was due to the impact of
the broked portion of the blade. This prediction was also agreed well with the visual examinations of the failed
blade. Fractographical and microstructural examination of the failed and unfailed blades suggested
the.variation in material properties and microstructural features to have caused the blade failure. It was also
observed that inappropriate heat treatment (especially tempering) might be one of the important reasons for
the blade failure. This resulted in higher hardness, low toughness, and inferior resistance to corrosion and Cr
depleted regions in the matrix and Cr free carbides at the grain boundaries. Thus, a mechanical, metallurgical
and FEM based coupled methodology has been used in the present failure investigation, that leads to more
precisely find out the location of primary failure of the turbine blade, and the sequence and root cause of the
blade failure.

(a) Un-broken blade (blade No. 17); (b) Broken blade piece (blade No. 18); (c) fractured surface ahead of boss
portion; (d) blade thinning and location of crack initiation (blade No 18)
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Region demarcation with Charpy impact energy in the failed blade (no. 18)

Study of Impact of PoP Made Idol Structure Immersion in Water Bodies

The immersion of plaster of Paris (PoP) made idol structures pose threat to the environment when
immersed in water bodies. The metal content present in the idol structures pollute the water bodies and make
the water unfit for drinking and other purposes. The clay/natural soil made idols are more environment friendly
in nature. The approach was to study the impact of PoP made idol structures on water quality afterimmersion
in water bodies. The impact of idol immersion causing any possible nuisance on the water quality was also
studied at lab scale experimental level. The activities involved laboratory scale investigation including
periodical collection of data prior to and after immersion of the PoP idols in water and data analysis to (a)
determine change in the concentration of heavy metals like iron, copper, lead, manganese, cadmium,
chromium, nickel and (b) physico-chemical characterization of water samples collected at regular intervals
from the idol immersed tanks in terms of pH, alkalinity, hardness, total solids, chlorides, sulphates, DO, BOD,
CODetc..




Work in progress at the site and laboratory

Assessment of Air and Water Quality at Identified Locations around Bina
Refinery for Bharat Oman Refineries Limited, Bina, District Sagar (M.P.)

The objective of the study was to carry out ambient air and water quality monitoring at identified locations
for specified parameters around Bina refinery. The study comprises of the assessment of air and water quality
around the identified locations of Bharat Oman Refineries Limited at Bina.
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Pollution Load Study for the Existing Poly Aluminium Chloride (PAC) Plant and
Proposed Expansion of PAC Plant of M/s Grasim Industries Limited, Chemical
Division, Birlagram, Nagda (M.P.)

The main objective of the study was to carry out a detailed assessment of pollution load due to increasing
production capacity of the existing PAC plant. Major emphasis in this case was laid on assessing the change
in the consumption of chemicals and raw materials along with impact on air quality through fugitive emissions
and subsequent water requirement and its reuse. The study involved pollution load study for the existing Poly
Aluminium Chloride (PAC) plant with production capacity of 28,000 TPA and its proposed expansion to
55,000 TPA of PAC production. The methodology included:the estimation of chemicals and raw materials
required for the existing PAC Plant and detailed study of in-house process modifications to be adopted for the
efficient working of different reactors / process units in the PAC Plant. Details of process flow diagrams, raw
water requirement, waste water generation, water recycle/reuse was also assessed, Issues like water quality
analysis and impact of zero water discharge, estimation of process emissions including fugitive emissions
due to process operations of the existing plant were also addressed. Impact assessment in terms of the

Work in progress at the project site

Use of Fly Ash in Agriculture at Adani Power Maharastra Limited (APML),
Tirora, Gondia, Maharashtra

The project aims at demonstrating and popularizing the safe and bulk utilization of fly ash generated by
APML in agriculture. In this regard, a grand “Kisan Mela” was organised at Tirora jointly by CSIR-AMPRI,
Bhopal and APML, Tirora on 7th February, 2015. The “Kisan Mela” was attended by 78 progressive local
farmers. A detailed presentation on various projects pertaining to Fly ash use in agriculture executed by
CSIR-AMPRI was made during the program. A documentary namely “Jai Kisan” dealing with related
activities prepared by CSIR-AMPRI, Bhopal was also screened for the benefit of the farmers. Technical
guidance to the farmers on use of Fly ash in agriculture was also given. The project is scheduled to be
executed for four cropping seasons.
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Study on the Formability of Al Sheet through Electrohydraulic Forming

Formability and its related aspects pertaining to Al alloys during electrohydraulic forming (EHF) are
being studied. EHF is a pulsed power technique to realize high strain rate forming and thus enhances the
formability of the material. The study aims to compare the formability of Al alloys in conventional and EHF
techniques. Punch stretch test has been carried out as per generic standard methodology for conventional
formability assessment. A simple hemispherical cavity die with electrode mounted from diagonally opposite
side and a blank holder with an opening similar to that of the punch diameter in conventional forming is used
for the EHF formability tests. The parameters of EHF like stand-off distance(SOD), electrode gap, wire
diameter etc. have been optimized by carrying out a large number of bi-axial test free form Limiting Dome
Height(LDH) in the same hemispherical die. The samples have been considered as per the standards laid
down covering the whole window of state of strain (from bi-axial, plain strain to tension-compression mode).
Similar samples were also taken for the EHF test. Various LDH tests using EHF dies were carried out to
optimize the SOD. For the given set of the dies, 20 mm SOD produces the maximum LDH and thus it becomes
the optimized value of SOD for the setup. Comparative Forming Limit Diagram ( FLD) of Al alloys used in the
study have also been prepared. There is a good improvement in the formability of material through EHF as
compared to the conventional forming method.

Hemispherical EHF die with Rogowski coil
(to measure the pulsed current in the circuit)
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Synthesis of Nanoparticles of Gamma Alumina and their Application in
Detoxification of Drinking Water

Nanoparticles of gamma alumina have been synthesized by precipitation and sol-gel routes.
Optimization of precipitation process parameters is in progress. Synthesized particles were used for the
removal of fluoride and arsenic from water. Initial adsorption kinetics indicate that nanoparticles of gamma
alumina synthesized by the sol-gel route could be able to adsorb 14-18 mg/g fluoride from water of 5-7 pH
and 1-1.5 mg/g arsenic removal from water of pH 7. Attempts have also been made to fabricate a house hold
domestic filter candle for the removal of toxic elements from water. The fabricated candle contains 5-7%
synthesized alumina particles. Further study is in progress.

Synthesized nanoparticles of gamma alumina Developed water filter candle
particles (Surface area: ~140 m2 /g)

Hybrid Wood Substitute Composite Materials

Fibre reinforced composite materials are very promising and more effectively used during the recent
years, due to many significant advantages. They have been much attractive because of their high
performance with simple processing technologies. In India, the use of timber has been restricted due to
increasing price, non-availability and various environmental threats due to global warming, green house gas
emission, which prioritise the necessity of safeguarding our forest reserve. Architects, builders and user
agencies are looking for alternative materials to wood in construction and other engineering applications due
to environmental consciousness and adopting eco-friendly green products.

CSIR-AMPRI has developed a technology for making composite panels using industrial wastes, natural
fibres and polymer as hybrid wood substitute Composite Materials. This technology was developed in view of
the National Forest Policy of Ministry of Environment and Forest (MOEF), Government of India for
development of wood substitute for building application so that consumption of timber in building and house
construction can be minimised. Further, this will offer a potential solution for the effective utilization of different
industrial wastes such as red mud, fly ash and other mineral wastes thus offering a solution to various
environmental threats associated with the mismanagement of industrial wastes, deforestation and ecological
imbalance. Industrial wastes, mainly fly ash and red mud, along with natural fibres and polymers (Polyester /
epoxy resin) were used for making the hybrid wood substitute Composite Materials. In this process, the
processed industrial wastes, such as, red mud / fly ash / marble waste, polymer were mixed with the catalyst
and reinforced using jute woven fabric and consolidated. The innovative composite materials has shown
potential for a variety of applications such as doors, false ceilings, flooring, partition and furniture etc.. The

67




-5—'_

hybrid wood substitute composite material is stronger, durable, environmental friendly and cost effective and
has ample scope for a variety of applications in the construction sector. Further study carried out at AMPRI
Bhopal revealed that there is great potential for using other industrial wastes, mineral wastes and
metallurgical wastes for making the hybrid wood substitute composite materials with enhanced surface finish,
density, modulus of rupture and resistance to abrasion. Suitable combinations of polyester / epoxy resin with
processed industrial wastes and natural fibres can be used to get the desired properties of laminates/ panels.
The industrial waste based polymer composite materials are comparable to natural wood and plastic in terms
of quality and applications and thus could be used as a substitute for wood and plastic. Some of the additional
features of the composites include higher strength, weather resistance, corrosion resistance, durability,
termite fungus, rot and rodent resistance, moisture resistance, fire retardancy, self extinguishing nature, cost
effectiveness and no maintenance. The process knowhow for preparing the hybrid wood substitute
composite materials is now available for transforming the lab scale process into commercial scale production.

Fly ash and natural fibre reinforced Property comparison of the developed composite
hybrid composite sheets with those of conventional materials
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R&D activities have been undertaken pertaining to the development and optimization of processes for
permanent hydrophilic and hydrophobic surface coatings with nano particles for multifunctional finishing of
textiles under the bilateral program of Cooperation in S&T with the University of Minho, Portugal. The aim of
the work is to develop a new method/process/material for the dispersion of nanoparticles and evaluation of
the performance of these composites.
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Technology Day Celebration
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National Technology Day
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Technology Day Celebration

CSIR-AMPRI, Bhopal celebrated National Technology Day on May 9, 2014. This day is celebrated to
honour technological innovations and their successful commercialization which makes fruits of research
reach people atlarge.

At the main function Er. S.R. Prasad, Executive Director, BHEL Bhopal was the Chief Guest and Er.
R.K. Pandey, Chief Engineer, Ministry of Road Transport and Highways, GOI, New Delhi was the Guest of
Honour. Dr. Navin Chandra, Acting Director CSIR-AMPRI, Bhopal welcomed the guests and in his address
stressed the need and importance of technology development and said that the technology drives the
industry and industry drives the economy. He also informed the gathering that in the last year CSIR — AMPRI
has transferred two technologies to industries and this yesr also the institute is intending to transfer some
technologies for use in the society.

Er. R.K. Pandey, in his address said that the transport infrastructure is the key for development of a
nation. He also dealt with the importance and need of technology and the forays Highways have made in our
country and stressed the need of R&D in this sector. Er. S.R. Prasad, in his speech mentioned about the
achievements of BHEL in the recent past and mentioned with pride the interaction and collaborative work
carried out between BHEL, Bhopal and CSIR-AMPRI, Bhopal since many years in material and component
development. He said that BHEL is spending about 2% of it's turnover on R&D and stressed on the need of
indigenisation at BHEL . He also stressed upon the need to strengthen collaboration between CSIR —AMPRI
and BHEL, Bhopal as we have a very good past experience also.

The inaugural function concluded with a vote of thanks from Dr. S.Das, Chief Scientist and convenor of
the programme. Dr. Akram Khan, Principal Scientist of the Institute conducted the programme.

The inaugural function was followed by a technical lecture on “Development of National Highways:
Emerging Issues” by Er. R.K. Pandey. In his speech Shri Pandey elaborated on the different achievements of
his Ministry and mentioned the challenges faced by them and how R&D and interaction between R&D centres
like CSIR-AMPRI, Bhopal and the Ministry could help in meeting their challenges.

In the afternoon, CSIR-AMPRIU, jointly with [IM, Bhopal chapter organised a workshop on “Technological
Innovations through R&D — Industry Interaction’. The workshop was intended to provide a platform to
researchers, academicians and entrepreneurs to exchange ideas and share experiences/expertise for the
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mutual benefit and growth through the possible translation of ideas into engineering applications. Dr. S. Das,
Chairman of IIM Bhopal chapter in his welcome address spoke about the role of [IM in harnessing the interest
of Indians engaged with the field of materials science in general. He mentioned the different and varied
activities of the Institute .

The following expert lectures were delivered during the workshop (i) BHEL Bhopal: Product at a
Glance; Shri G. Ramakrishna, Addl. General Manager, BHEL, Bhopal (ii) INDIA : ATechnological Marvel; Shri
C.P. Sharma, Managing Director & Chairman Cll Bhopal Zone, MP State Office, Daulat Ram Engineering
Services Private Limited, Raisen, Bhopal (iii) Bearing Technology: World Scenario; Shri Sushil Prakash,
Managing Director, Omega Renk Bearings Pvt. Ltd, Bhopal and (iv) Use of Fracture Mechanics and FEM in
Materials and Component Assessment, Dr. Sanjeev Saxena, Principal Scientist, CSIR-AMPRI Bhopal. The
workshop provided for healthy discussion amongst the participants.

Workshop on Technologies for Rural Development
having Potential for Socio-Economic Upliftment (TSRD-2014)

Seminar in Progress Dignitaries in the Audiance

During the 12th Five Year Plan, CSIR-AMPRI has taken a Techvil project under the CSIR-800 program.
The project aims at improving the socio-economic condition of rural masses in backward areas through
scientific and technological interventions. Dissemination of technologies for rural development is one of the
important aspects therein. MPCST is the state partner in the project. In order to create awareness about the
program amongst academicians, researchers , NGOs and related industries and updating of information on
the subject matter, a two day national workshop on “Technologies for Sustainable Rural Development having
potential for Socio-economic Development was organized at Bhopal during July 4-5, 2014 jointly by CSIR-
AMPRI, Bhopal and M.P. Council of Science and Technology, Bhopal. The scope and mandate of the
workshop was to provide a platform to the researchers, government officials, professionals, industries, NGOs
and individuals to discuss, deliberate and prepare a road map for the future which could lead to the
development of rural areas and improve the socio-economic condition of rural masses through the
intervention of science and technology. This workshop was also aiming at the selection of suitable
technologies for their dissemination and implementation. Issues/themes addressed during the workshop
included water resources development & management, low cost building materials and instant houses,
health & sanitation, food processing & crop production, horticulture, forestry, sericulture, production of
agricultural inputs, natural fibres & geotextile applications, leather, medicinal and aromatic plants, agricultural
machineries and implements, conventional & non conventional energy, entrepreneurship model
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development, geopolymers, waste to wealth, decision support system etc. The workshop was participated by
more than 250 participants from central & state govt. organisations, private universities, NGOs, students,
farmers. The workshop was organized in 13 technical sessions including invited lectures by eminent
personnel and panel discussion. More than 100 research papers were presented. An exhibition was also
organized during the program that was actively participated by various Institutions/vendors/manufacturers of
products related to rural development. They included Indian Institute of Soil Sciences, Bhopal and Central
Institute of Agricultural Engineering, Bhopal of ICAR, CSIR, CSIR- AMPRI, Bhopal, M. P. Council of Science
and Technology, Bhopal, AISECT University, Bhopal, CSIR-CFTRI, Mysore, CRRI, N. Delhi, NRDC, N. Delhi,
Tamil nadu Veternary and Animal Science University, Chennai, Central Footwear training Institute, Agra,
International institute of Waste management, Bhopal, Andhra Bank, Kalyani Swayam Sahayata Samuh,
Kalyanpur, NGOs etc. participated.

Training on Agriculture of Aromatic and Medicinal Plants

Under skill development interventions, a three day
program pertaining to Training on Agriculture of Aromatic and
Medicinal Plants was organized by CIMAP, Lucknow at CSIR-
AMPRI, Bhopal during September 2-4, 2014. CSIR-AMPRI
has provided logistic support during the program and actively
participated therein. More than 40 participants from various
organizations in Madhya Pradesh attended the training
program.

Training program in progress

CSIR Foundation Day Celebration

AMPRI, Bhopal celebrated the 72nd CSIR Foundation Day on September 26, 2014 . Shri Alok Sanjar,
Member of Parliament presided over the function and Padmashree Prof. K.L.Chopra, Former Director, IIT,
Kharagpur was the Guest of Honour.

In his address Shri Alok Sanjar said that the whole world is looking at us, particularly after the Mission of
Mangalyan achievement. He said that real patriotism is in doing one’s job honestly. He assured the scientific
community present of his support as a public representative.

Prof. K.L.Chopra delivered the foundation day lecture
on “ Nurturing Innovations and Entrepreneurship in
Knowledge Institutions”. The thought provoking lecture
underlined various aspects of our S&T Policy, Concept of
knowledge and the changing scenario. He said that the
market is the new mother of innovation and creativity and the
most adaptable to change will survive.

Dr. Navin Chand, Acting Director welcomed the guests
and highlighted the R&D achievements of CSIR — AMPRI

and the expertise in various disciplines of R&D available CSIR Foution Day
here.
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Shri P.D.Ekbote, Chief Scientist, AMPRI, in his address spoke about CSIR Foundation Day and
underlined the activities of CSIR labs. Dr. Amol Kumar Jha, Chief Scientist proposed the Vote of Thanks.

Prof. K.L.Chopra also presented the recognitions and awards. Mementoes were given to the staff for
completing 25 years of service in CSIR and to the staff retired on superannuation.

In the afternoon an Open Day Programme was organized for the students, to help them in getting
acquainted with the activities of AMPRI and CSIR. About 200 Engineering and school students interacted with
the scientists and visited various laboratories. The students presented their querries and the scientists
attended them.

BEHOPAL

{
Workshop in Progress

Workshop on Emerging Materials and processes was organized on 2nd January 2015 in CSIR AMPRI,
jointly by CSIR AMPRI Bhopal and Bhopal chapters of Material Research Society, Indian Institute of Metals &
Tribology Society of India.

During the inaugural session ,the workshop was addressed by the Chief Guest Professor Appu Kuttan
KK, Director, Maulana Azad National Institute of Technology (MANIT), Bhopal. Prof Kuttan emphasized on
research initiatives in advanced materials and processes. Dr Navin Chand, the then Acting Director CSIR-
AMPRI, Bhopal and Chairman, MRSI Bhopal Chapter welcomed Chief Guest and delegates on this occasion.
Shri P D Ekbote, Chief Scientist CSIR-AMPRI Bhopal highlighted the recent R&D work carried out in AMPRI
Bhopal. Dr S Das, Chief Scientist, AMPRI Bhopal briefed the delegates and audience about the workshop.

Prof. Sanjeev K. Khanna, Department of Mechanical and Aerospace Engineering, University of
Missouri, Colombia, USA gave Key Note address on "Application of Nanomaterial Reinforcement in
Structural Materials Under Dynamic Loading”. Dr S A R Hashmi, Secretary, MRSI Bhopal Chapter & Senior
Principal Scientist, AMPRI Bhopal gave the formal vote of thanks.

Later, the workshop continued in two technical sessions and panel discussion. The delegates
participated in the discussion and observed that workshop has been very successful in bringing together the
researchers and the experts from the industry.
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National Science Day Celebration

National Science Day was celebrated on
February 27, 2015 at CSIR - AMPRI, Bhopal. Prof.
R.P.Singh, Emeritus Scientist, ISER, Pune was the
Chief Guest and Dr. Sandeep Kumar, Director,
AIIMS, Bhopal was the Guest of Honour at the
function. At the outset , Dr. Navin Chand, Acting
Director welcomed the guests and highlighted the
importance of this celebration and commitment of
AMPRI to  vigorously pursue Science and
Technology in the service of the nation.

Shri P.D.Ekbote, Chief Scientist highlighted the
importance and background of the occasion.

Prof R.P.Singh delivered the Science Day
Lecture on “A Case of Polymer Photovoltaics in -
India” on the occasion. He also highlighted the Natlonal Sclence Day Celsbratlon
background of the celebration. Dr. Sandeep Kumar in his address underlined that efficacy of the technology
should be there and technologies should reach the market. He also expressed possibility of collaborative
work on biomimetics with AMPRI.

Dr.A.K.Jha, Chief Scientist presented the vote of thanks.
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Patents

Patents in Force

Foreign Patents in Force

S.No. |Title Inventors Patent No. |Granted Date |Country
1. |ALow Temprature Process for S.S. Amritphale, 19952337 | 08/03/2007 DE
Making Alkali Free High Surface |N. Chandra, (Germany)
Area, Amorphous, Silicon E ggzii
Precursor and Its Application ’
Making Advanced Ceramic
Materials Such as Silicon
Carbide, Mullite
2. | ANovel Process for Making S.S. Amritphale, 7524452 28/04/2009 us
Radiopac Materials N. Chandra,
N. Ramkrishnan
3. |Composition for Advanced Hybrid | S.S. Amritphale, 2014/00267 | 30/01/2014 us
Geopolymeric Functional R.K. Chouhan, 87 A1
Materials and a Process for the | M- Mudgal,
Preparation Thereof M.A. Kh_an,
S. Lahiri,
N. Chandra,
B.K. Mishra
Indian Patents in Force
S.No. |Title Inventors Patent No. |Granted Date |Country
1. | A Non-Toxic Composition Useful |N. Chandra S.S. 193953 20/01/2006 India
for Cleaning / Descaling of Amritphale
Apertures / Pipes and A Process
for Cleaning / Descaling of
Apertures / Pipes Using the Said
Composition
2. | A Composition of Red Mud- N. Chand, 194596 10/02/2006 India
Thermoplastic Composite Useful |S.A.R. Hashmi
for Environment Friendly
Domestic and Industrial
Applications
3. |An Improved Process for Making |R.K. Rawlley 194600 07/04/2006 India
Value Added Products Such as
Ceramic Tiles
4. [An Improved Process for the S. Das, AK. Jha, 196946 23/06/2006 India
Preparation of Metal Matrix B.K. Prasad,
Composites O.P. Modi, R.
Dsagupta,
A.H. Yegneswaran
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S.No. |Title Inventors Patent No. |Granted Date |Country
5. |AProcess for Melt Blending of N. Chand, 195804 07/07/2006 India
Incompatible Non-Interacting S.A.R. Hashmi
Polymers into Homogeneous
Mixture
6. |AProcess for the Preparation of |M. Saxena, 215096 21/02/2008 India
Styrene Based Coating from V.S. Gowri
Bhilawanut Shell Liquid Useful
for the Protection of Bamboo
Surfaces
7. | A Composition for Making N. Chand, 215257 22/02/2008 India
Mineral Wool Reinforced Polymer | S.A.R. Hashmi,
Composite and a Process for A.C. Khazanchi,
Making Mineral Wool Reinforced | T-C- Rao
Polymer Composite Board
8. |AProcess for the Preparation of |N. Chand 215752 03/03/2008 India
Fly Ash Filled Thermoplastic S. Vashishtha
Blend
9. |AProcess for the Preparation of |M. Saxena, 215739 03/03/2008 India
Improved Surface Coating from | V.S. Gowri
Bhilawanut Shell Liquid Useful
for the Protection of Bamboo
Surfaces
10. |[A Novel Process for Casting Poly |N. Chand, 220685 02/06/2008 India
Methyl Methacrylate Based S.AR.
Components Hashmi,
A. Nair, S.R.
Vashishtha,
S. Neogi
11. |AFly Ash Based Composition N. Chand 222013 15/07/2008 India
Useful for Making Wood
Substitude and a Process for the
Preparation Thereof
12. |A New Composition of S.A.R. Hashmi, 227106 01/01/2009 India
Lignocellulosic Fibre, Fibre Ajay Naik
Reinforced Polymer (FRP) Waste
and Polymer for making Hybrid
Composite and Process Thereof
13. |A Process of Making Thermal O. P. Modi, S. Das, 232126 15/03/2009 India
Conducting Metallic Multistages | R. Dasgupta,
Useful for the Manufacture of A.H. Yegneswaran
Industrial Components A. K. Jha,
B. K. Prasad
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Reinforced with Finer Size Hard
Ceramic Particles

N. Ramakrishnan

S.No. |Title Inventors Patent No. |Granted Date |Country
14. |An Improved Process for the S.S. Amritphale, 242316 23/08/2010 India
Preparation of Advance Ceramic |N. Chandra,
Materials Based on Substantially | E- Kroke,
Alkali Free Amorphous Silicon R. Riedel
Precursors
15. | An Acid and Corrosion Resistant |S.A.R. Hashmi, 248579 26/07/2011 India
Coating Composition N. Chand,
A. Naik,
V.K. Nema
16. |A Process for the Preparation of |N. Chandra, 254350 29/10/2012 India
Nano-Size Manganese S. Bhasin
Compound
17. | A Process for the Preparation of |N. Chandra 254799 19/12/2012 India
Leachable (Nano-Stoichiometric) |S.S. Amritphale
Manganese Oxide from Srabanti ghosh,
Manganese Containing Industrial |M. Prasad,
Wastes and Natural Pyrolusite | D- Sarkar
Ores
18. |Active Foamed Magnetic A. Anshul, 256252 22/05/2013 India
Ceremic / Metal Composite S.8. Amritphale,
Substrate From Redmud & a N. Chandra,
Process for the Preperation N.Ramakrishnan
Thereof
19. | A Composition for Preparing P. Asokan, 259781 27/03/2014 India
Non-Hazardous Building Blocks |M. Saxena,
and Process for Preparation S.R. Asolekar
Thereof
20. |A Novel Composition Useful for |S.A.R.Hashmi, 259564 18/03/2014 India
Making Radiation Shielding S.8. Amritphale,
Material N. Ramakrishnan
21. |AProcess for the Manufacture of |S. Das, 264685 15/01/ 2015 India
Aluminium Alloy Composites D.P. Mondal,
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Patents Filed

S.No. | Title Inventors Year Patent Country
Application No.
1. | An Apparatus for Testing Shape | S.A.R. Hashmi, H.N. 2015 0070NF/2014 India
Memory Effects in Liquid Bath |Bhargaw, A. Naik,
J.P. Pandey, M.S.
Yadav, N. Chand
2. | ANovel Process for Making S.S. Amritphale, M. 2014 156 DEL 2014 India
Tailored Precursor Materials in | Mudgal, R.K. PCT
a Solid Powder Form Useful for | Chouhan, D. Mishra,
Further Broadening the N. Chandra
Application Spectrum of the
Conventional Geopolymeric
System
3. |A Novel Process for the S.S. Amritphale, 2014 0001NF2014/IN India
Preparation of Geopolymeric | M. Mudgal, and
Functional Materials in a Solid | R-K- Chouhan, 0156DEL2014
form D. Mishra,
N. Chandra
4. |ANovel Composite Usefulas |[N. Chand 2013 0533DEL2014 India
Wood Substitute and a Process
for the Preparation Thereof
5. | Synthesis of Open Cellular G.K. Gupta, M. 2013 0194NF-2013 |India &
Titanium Foams Through Sharma, O.P. Modi, PCT
Powder Metallurgy Route using |B.K. Prasad
Acrawax Particles as the Space
Holder Material
6. |Advanced Hybrid Geopolymeric | S.S. Amritphale, 2012| 2301DEL2012 India
Functional Materials and a D. Mishra, R.K.
Process for the Preparation Chouhan, M. Mudgal,
Thereof M.A. Khan, S. Lahiri,
N. Chandra, B.K.
Mishra
7. |AProcess for Making Light D.P.Mondal, S. Das, 2012 184/DEL/2010A India
Weight Cenosphere Reinforced | K.U. Bhaskar,
Metal Syntactic Foam N. Ramakrishnan
8. |An Improved Sol-Gel Process |I.B. Singh, O.P. Modi, 2012 0042NF2010 India
for the Nano-Structured G. Ruhi, A.H.
Corrosion Resistant Alumina Yegneswaran, A.K.
Coatings Gupta
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Research Publications

S. Authors Publication Details

No.

1. | K. Prasad and J.P. Shukla Assessment of groundwater vulnerability using GIS-based DRASTIC
technology for the basaltic aquifer of Burhner watershed, Mohgaon
block, Mandla (India), Current Science, Volume 80, Year 2014, Page
1649-1656.

2. | V. Sharma, S. Chourasia and J.P. | Water quality of lower lake, Bhopal, Zenith International Journal of

Shukla Multidisciplinary Research, Volume 4, Year 2014, Page 71-76.

3. | D.P. Mondal, M. Patel, S. Das, Titanium foam with coarser cell size and wide range of porosity using
A.K. Jha, H. Jain, G.K. Gupta different types of evaporative space holders through powder
and S.B. Arya metallurgy route, Materials and Design, Volume 63, Year 2014, Page

89-99.

4. | N.Jha, D.P. Mondal, M.D. Goel, Titanium cenosphere syntactic foam with coarser cenosphere
J.D. Majumdar, S. Das and O.P. | fabricated by powder metallurgy at lower compaction load,
Modi Transactions of Nonferrous Metals Society of China, Volume 24,

Year 2014, Page 89-99.

5. M.D. Goel, D.P. Mondal, M.S. Effect of strain rate and relative density on compressive deformation

Yadav and S.K. Gupta behaviour of aluminium cenosphere syntactic foam, Materials
Science and Engineering A, Volume 590, Year 2014, Page 406—415.

6. | D. Mishra, M. Mudgal, R.K. Development of flyash-based geopolymeric cementitious materials
Chouhan, P. Padmakaran, S. for new millennium, Journal of Indian Chemical Society, Volume 91,
Lahiri, M.A. Khan, S.S. Year 2014, Page 1-6.

Amritphale and N. Chandra

7. D. Mishra, R. Arora, S. Lahiri, Synthesis and characterization of iron oxide nanoparticles by

S.S. Amritphale and N. Chandra | solvothermal method, Protection of Metals and Physical Chemistry of
Surfaces, Volume 50, Year 2014, Page 628-631.

8. | R. Dasgupta A Look into Cu-Based SMAs: Present Scenario and Future
Prospects, Journal of Materials Research (JMR), Volume 29, Year
2014, Page 1681-1698.

9. | A.B. Pattnaik Erosive wear analysis of normalised and thermally aged 2.25Cr-1Mo
steel using Taguchi experimental design, Indian Journal of
Engineering and Materials Sciences, Volume 29, Year 2014, Page
379-386.

10. | A. Pandey, K. Jayasankar, P. Optimization of milling parameters, processing and characterization
Parida, M. Debata, B.K. Mishra of nano-crystalline oxide dispersion strengthened ferritic steel,
and S. Saroja Powder Technology, Volume 262, Year 2014, Page 162-169.
11. | A. Patel, S. Das and B.K. Prasad | Hot deformation behaviour of AA2014 - 10 wt.% SiC composite,
Transactions of Indian Institute of Metals, Volume 67, Year 2014,
Page 521-530.
12. | G. Ruhi, O.P. Modi, M. Singh, Hot corrosion resistance of nanosructured sol-gel alumina-coated
A.K. Khare and |.B. Singh 9Cr-1Mo ferritic steel in air/salt environments, Corrosion, Volume 70,
Year 2014, Page 130-136.
13. | A. Nigrawal and N. Chand Effect of temperature on electrical and thermal properties on carbon
soot filled polyester graded composites, Particulate Science and
Technology, Volume 32, Year 2014, Pages 371-376.
14. | S. Sahu, M.D. Goel, D.P. High temperature compressive deformation behaviour of ZA27-SiC
Mondal and S. Das foam, Materials Science and Engineering A, Volume 607, Year 2014,
Pages 162-172.
15. S. Sharma, V. Singh, R.K. Phase transformation and improved ferroelectric and magnetic
Dwivedi, R. Ranjan, A. Anshul, properties of (1-x) BiFeO3-xPb(Zry 5,Tig45)O-3 solid solutions, Journal
S.S. Amritphale and N. Chandra | of Applied Physics, Volume 115, Year 2014, pages 22-41.
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16.

M. Sharma, D.K. Singh, R.K.
Upadhyay, M.S. Yadav, S.S.
Amritphale and N. Chandra

Novel approach for sol-gel synthesis of nanosize aluminium titanate,
Materials Research and Innovations, Volume18, Year 2014, Page
235-240.

17.

I.B. Singh, D.P. Mondal, M.
Singh, A. Bhadkul and N. Jha

Corrosion behaviour of AA2014 aluminium alloy-cenospheres
syntactic foam in 3.5% NaCl solution, Indian Journal of Chemical
Technology, Volume 21, Year 2014, Page 168-175.

18.

D. Mishra, R. Arora, S. Lahiri,
S.S. Amritphale and N. Chandra

A novel process for making alkaline iron oxide nanoparticles by a
solvothermal approach, Journal Of Structural Chemistry, Volume 55,
Year 2014, Page 525-529.

19.

D.P. Mondal, J.D. Majumdar,
M.D. Goel and G.K. Gupta

Characteristics and wear behaviour of cenosphere dispersed titanium
matrix composite developed by powder metallurgy route,
Transactions of Nonferrous Metals Society of China, Volume 24,
Year 2014, Page 1379-1386.

20.

H.N. Bhargaw and H.K. Sardana

Hand-held step-scanning (HHSS) device for reading by the blind,
Journal of Scientific & Industrial Research, Volume 73, Year 2014,
Page 313-317.

21.

A. Rajan, P. Upadhyaya, N.
Chand and V. Kumar

Effect of nanoclay on the thermal properties of compatibilized
ethylene vinyl acetate copolymer/high-density polyethylene blends,
Journal of Thermoplastic Composite Materials, Volume 73, Year
2014, Page 650-662.

22.

D.P. Mondal, M.D. Goel, N.
Bagde, N. Jha, S. Sahu and A.K.
Barnwal

Closed cell ZA27-SiC foam made through stir-casting technique,
Materials and Design, Volume 57, Year 2014, Page 315-324.

23.

D. Singh and D.P. Mondal

Effect of quenching and tempering processes and shot peening
intensity on wear behaviour of SAE-6150 steel, Indian Journal of
Engineering and Materials Sciences, Volume 21, Year 2014, Page
168-178.

24.

Monika, P. Upadhyaya, N. Chand
and V. Kumar

Effect of polylactic acid on morphological, mechanical, and optical
properties of compatibilized polypropylene and high density
polyethylene blend, Composite and Interfaces, Volume 21, Year
2014, Page 133-141.

25.

A.K. Maheshwari

Determination of flow stress using parametric linearity relationship of
Arrhenius power law, High Temperature Materials and Processes,
Volume 33, Year 2014, Page 13-19.

26.

M.D. Goel, V.A. Matsagar and
A.K. Gupta

Blast resistance of stiffened sandwich panels with closed-cell
aluminium foam, Latin American Journal of Solids and Structures,
Volume 11, Year 2014, Page 2497-2515.

27.

B.K. Prasad

Sliding wear characteristics of grey cast iron as affected by the type
and fraction of solid lubricants in oil, Industrial Lubrication and
Tribology, Volume 66, Year 2014, Page 569-578.

28.

S.K. Bajpai, N. Chand and M.
Mahendra

The adsorptive removal of a cationic drug from aqueous solution
using poly (methacrylic acid) hydrogels, Water SA, Volume 40, Year
2014, Page 49-56.

29.

R.N. Rao, S. Das and S.L.T.
Devi

Seizure pressure and sliding velocity diagrams on tribological
behaviour of Al alloy composites in as cast and heat treated
conditions, Tribology International, Volume 80, Year 2014, Page 1-6.

30.

R. Dasgupta, A.K. Jain, P.
Kumar, S. Hussain and A.
Pandey

Effect of alloying constituents on the martensitic phase formation in
some Cu-based SMAs, Journal of Materials Research and
Technology, Volume 3, Year 2014, Page 264-273.

31.

S. Singh, S.K. Panthi, M. Ahmed,
R. Dasgupta and A.K. Jha

Analysis of springback in flanging process at higher velocity using
FEM, Journal of Frontiers in Construction Engineering, Volume 3,
Year 2014, Page 72-79.
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32.

S. Sanghi, C. Sharma and S.K.
Sanghi

Comparison of APTI values of some medicinal plants of industrial
areas and Ratapani wild life sanctuary in Raisen district of Madhya
Pradesh, International Journal of Pharmacy and Life Science,
Volume 6, Year 2014, Page 4157-4160.

33.

S.A.R. Hashmi, R. Abishera, H.C.
Prasad, H.N. Bhargaw and A.
Naik

Influence of air oxidized CNT reinforcement on the recovery stress of
shape memory polyurethane, International Journal of Chemical
Technology and Research, Volume 6, Year 2014, Page 1873-1876.

34.

P.K. Yadav, G. Dixit and G.K.
Gupta

Studies on mechanical and dry sliding wear of 2014Al-SiC
composites produced by powder metallurgy route, International
Journal for Research in Applied Science & Engineering Technology,
Volume 2, Year 2014, Page 306-315.

35.

D.K. Rajak, L.A.
Kumaraswamidhas and S. Das

Mechanical behaviour and energy absorption foam filled structures of
square section under compression loading, Applied Mechanics and
Materials, Trans Tech Publications, Volume 592-594, Year 2014,
Page 1109-1113.

36.

D.K. Rajak, L.A.
Kumaraswamidhas and S. Das

Energy absorption behaviour of foam filled structure, Procedia
Materials Science, Volume 5, Year 2014, Page 164-172.

37.

P. Jain, D.P. Mondal, R. Dhok
and A. Badkul

The effect of magnesium addition on the microstructure and
compressive deformation of Al-Ca alloy, IOSR Journal of Mechanical
and Civil Engineering, Volume 11, Year 2014, Page 71-82.

38.

R. Singh, S. Saxena and N.
Gupta

Evaluating thickness requirements of fracture specimen in predicting
characteristic distance (Ic) using 3D FEM, International Journal of
Technical Research and Applications, Volume 2, Year 2014, Page
56-72.

39.

S. Mishra, C. Sarvanan, V.K.
Dwivedi and K.K. Pathak

Discovering flood recession pattern in hydrological time series data
mining during the post monsoon period, International Journal of
Computer Applications, Volume 90, Year 2014, Page 35-44.

40.

S. Mishra, P. Gupta, S.K. Pandey
and J.P. Shukla

An efficient approach of artificial neural network in runoff forecasting,
International Journal of Computer Applications, Vol. 92, Year 2014,
Page 9-15.

41.

S. Mishra, V. Chaubey, S.K.
Pandey and J.P. Shukla

An efficient approach of support vector machine in runoff forecasting,
International Journal of Science, Engineering and Research, Volume
5, Year 2014, Page 158-167.

42.

R. Purviya, H.L. Tiwari and S.
Mishra

Application of clustering data mining techniques in temporal data sets
of hydrology: A review, International Journal of Science, Engineering
and Technology, Volume 3, Year 2014, Page 360-365.

43.

M.S. Malik and J.P. Shukla

Estimation of soil moisture by remote sensing and field methods: A
review, International Journal of Remote Sensing & Geoscience,
Volume 3, Year 2014, Page 21-27.

44.

S. Ahirwar and J.P. Shukla

A review on multi-scale analysis of water resources carrying
capacity based on ecological footprints, International Journal of
Recent Developments in Engineering and Technology, Volume 2,
Year 2014, Page 71-77.

45.

V. Chaubey, S. Mishra and S.K.
Pandey

Time series data mining in real time surface runoff forecasting
through support vector machine, International Journal of Computer
Applications, Volume 98, Year 2014, Page 23-28.
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46.

P. Gupta, S. Mishra and S.K.
Pandey

Time series data mining in rainfall forecasting using artificial neural
network, International Journal of Science, Engineering and
Technology, Volume 3, Year 2014, Page 1060-1065.

47.

S. Sanghi, C. Sharma and S.K.
Sanghi

Comparison of APTI values of some medicinal plants of industrial
areas and Ratapani wild life sanctuary in Raisen, district of Madhya
Pradesh, International Journal of Pharmacy and Life Science,
Volume 6, Year 2014, Page 4157-4160.

48.

S. Jamal, V.K. Baderia, Y.K.
Agrawal and S.K. Sanghi

Fluorescence detection and identification of eight sulphonamides
using capillary electrophoresis on released excipients in lake water,
Arabian Journal of Chemistry, Volume 11, Year 2014, Page 1-7.

49.

Y. Dewang, M.S. Hora and S.K.
Panthi

Finite element analysis of non-axisymmetric stretch flanging process
for prediction of location of failure, Procedia Materials Science,
Volume 5, Year 2014, Page 2054-2062.

50.

Y. Dewang, M.S. Hora, S.K.
Panthi

A review on finite element analysis of sheet metal stretch flanging
process, ARPN Journal of Engineering and Applied Sciences,
Volume 9, Year 2014, Page 1565-1579.

51.

P. Shrivastava and S. K. Panthi

The study of hole flanging process of advanced high strength steel,
Trends in Mechanical Engineering & Technology, Volume 4, Year
2014, Page 1-7.

52.

A. Singh, D. Chowdhury and
A. Paul

A Kkinetic study of ferrocenium cation decomposition utilizing an
integrated electrochemical methodology composed of cyclic
voltammetry and amperometry, Analyst, Volume 139, Year 2014,
Page 5747-5754.

53.

M. Khan, E. Suljoti, A. Singh, S.
Bonke, T. Brandenburg, K. Atak,
R. Golnak, L. Spiccia and E. Aziz

Electronic structural insights into efficient MnO, catalysts, Journal of
Materials Chemistry A, Volume 2, Year 2014, Page 3730-3733.

54.

A. Jana, D. Chowdhury, A.
Singh and A. Paul

Simultaneous introduction of the Henderson-Hasselbalch equation
and proton-coupled electron transfer: An undergraduate laboratory
experiment, Chemical Educator, Volume 19, Year 2014, Page 333-
337.

55.

N. Gupta, A.K. Jain and P.
Asokan

Mechanical characterization of fully bio-degradable jute fabric
reinforced polylactic acid composites, International Journal of
Advanced Engineering Research and Studies, Volume 3-4, Year
2014, Page 111-113.

56.

P. Asokan, V. Patil, S. Jain, A.
Mahindrakar and V.K. Thakur

Advances in industrial prospective of cellulosic macromolecules
enriched banana biofibre resources: A review, International Journal
of Biological Macromolecules, Volume 79, Year 2015, Page 449—
458.

57.

R. Haque, M. Saxena, S.C. Shit
and P. Asokan

Fibre-matrix adhesion and properties evaluation of sisal polymer
composite, Fibers and Polymers, Volume 16, Year 2015, Page 146-
152.

58.

D.P. Mondal, M Patel, H. Jain,
A K. Jha, S. Das and R. Dasgupta

The effect of particle shape and strain rate on microstructure and
compressive deformation response of pure Ti-foam made using
acrowax as space holder, Materials Science and Engineering A,
Volume 625, Year 2015, Page 331-342.

59.

S.A.R. Hashmi, R.S. Rajput, A.
Naik, N. Chand and R.K. Singh

Investigations on weld joining of sisal CSM-thermoplastic
composites, Polymer Composites, Volume 36, Year 2015,
Page 214-220.
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60.

A. Singh, D.R. Chowdhury,
S.S.Amritphale, N. Chandra and
I. B. Singh

Efficient electrochemical water oxidation catalysis by nanostructured
Mn,O3, RSC Advances, Volume 5, Year 2015, Page 24200-24204.

61.

G. Tiwari and J. P. Shukla

A Review on remote sensing and GIS techniques in water resource
development and management with special reference to
groundwater, International Journal of Remote Sensing &
Geoscience, Volume 4, Year 2015, Page 10-16.

62.

S. Mishra, C. Sarvanan, V.K.
Dwivedi and K.K. Pathak

Discovering flood rising pattern in hydrological time series data
mining during the pre monsoon period, Indian. Journal of Zeo-
Marine Science (in Press).

63.

M. Shafeeq, G.K. Gupta,
Hirshikesh, M.M. Mailk and O.P.
Modi

Effect of milling parameters on processing, microstructure and
properties of Cu-Al-Ni-Ti shape memory alloys, Powder Metallurgy
(in Press).

64.

S. Saxena, J.P. Pandey, R.S.
Solanki, G.K. Gupta and O.P.
Modi

Coupled mechanical, metallurgical and FEM based failure
investigation of steam turbine blade, Engineering Failure Analysis,
Volume 52, Year 2015, Page 35-44.

65.

I.B. singh, O.P. Modi and G. Ruhi

Development of sol-gel alumina coating on 9Cr-1Mo ferritic steel and
their oxidation behaviour at high temperature, Journal of Sol Gel
Science and Technology, (in Press)

66.

G. Ruhi, O.P. Modi and S.K.
Dhawan

Chitosan- polypyrrole-SiO, composite coatings with advanced anti-
corrosive properties, Synthetic Metals, Volume 200, Year 2015 ,
Page 24-39.

67.

V S Gowri, S.K. Sanghi, S.S.
Amritphale, N. Carneiro, P.
Souto and S. Ventura

Synthesis and characterization of poly(N-isopropylacrylamide) ZnO
nanocomposites, Journal of Research in Nanotechnology (in Press).

68.

R. Dasgupta, A.K. Jain, P.
Kumar, S. Hussain and A.
Pandey

Role of alloying additions on the properties of Cu-Al-Mn shape
memory alloys, Journal of Alloys and Compounds, Volume 620,
Year 2015, Page 60—66.

69.

D.P. Rajak, L.A.
Kumarswamidhas and S. Das

Energy absorption capabilities of aluminium foam-filled square,
Advanced Materials Letters, Volume 6, Year 2015, Page 80-85.

70.

P. Kumar, A.K. Jain, S. Hussain,
A. Pandey and R. Dasgupta

Changes in the properties of Cu-Al-Mn Shape memory alloy due to
quaternary addition of different elements, Revista Matéria, Volume
20, Year 2015, Page 286-294.

71.

A.K. Barnwal, D.P. Mondal, H.
Jain, S. Das, A.K. Jha, R.
Dasgupta and P. Banerjee

Al,O3 nano-particle reinforced aluminium matrix composites through
stir casting technique, Materials Science An Indian Journal, Volume
13, Year 2015, Page 49-63.

72.

I.B. Singh and S.M. Park

Synthesis of B-MnO, nanowires and their electrochemical
capacitance behaviour, Indian Journal of Chemistry A, Volume 54,
Year 2015, Page 46-51.

73.

I.B. Singh, P. Gupta, A.
Maheshwari and N. Agrawal

Corrosion resistance of sol-gel alumina coated Mg metal in 3.5%
NaCl solution, Journal of Sol Gel Science and Technology, Volume
73, Year 2015, Page 127-132.
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74.

J. Xiao, M. Khan, A. Singh, E.
Suljoti, L. Spiccia and E. Aziz

Enhancing catalytic activity by narrowing local energy gaps - X-ray
studies of a manganese water oxidation catalyst, ChemSusChem,
Year 2015, Volume 8, Page 872-877.

75.

J.P. Chaurasia, J.P. Shukla and
N. Pandey

Antimalarial property of tetra combination of biomaterial with special
reference to spilanthes acmella, International Journal for Research
in Applied Science and Engineering Technology, Volume 3, July
2015, Page 352-356.

76.

A.K. Sharma and J.P. Shukla

Ground water prospects mapping in and around Ambikapur town,
Chhattisgarh, India using index overlay model, International Journal
of Earth Sciences and Engineering, Volume 7, Year 2014, Page
938-947.

77.

I.B. Singh, M. Singh and S. Das

A comparative corrosion behaviour of Mg, AZ31 and AZ91 alloys in
3.5% NaCl solution, Journal of Magnesium and Alloys, Volume 3,
Year 2015, Page 142-148.

78.

Rupa Dasgupta

Research potential in thermo responsive shape memory materials
and CSIR-AMPRI's initiatives, Metal World, Year 2015, Page 76-80.

79.

A. Singh, M. Fekete, T.

Gengenbach, A.N. Simonov, R.K.

Hocking, S.L.Y. Chang, M.
Rothmann, S. Powar, D. Fu, Z.
Hu, Q. Wu, Y.B. Cheng, U. Bach
and L. Spiccia

Screen-printed Nickel Oxide Nanoparticles and Microballs as
Efficient Water Oxidation Catalysts: Comparison of Catalytic Activity
and Impedance Behaviour, ChemSusChem (In Press)

Conference Publications

Sl

No.

Authors

Publication Details

Yogesh Dewang, M.S.

Hora and S.K. Panthi

Analysis of stretch flanging process using FEM to study deformation behavior
of flange, Proceedings of International Conference on Emerging Materials
and Processes (ICEMP-2014), February 26-28, 2014, Bhubaneswar, Page
26-28.

R. Gupta, S.K. Panthi
and S. Srivastava

Study of microstructure, mechanical properties and wear rate of high leaded
tin bronze after multidirectional forging, Proceedings of International
Conference on Materials Processing and Characterization (ICMPC 2015),
March 14-15, 2015, Hyderabad.

R. Gupta, S.K. Panthi
and S. Srivastava

Study of microstructure, mechanical properties and fractography of high
leaded tin bronze after multidirectional forging, Proceedings of International
Symposium for Research Scholars (ISRS-2014), December 13-14, 2014,
Chennai..

S. Malvi, A.
Manware, M. Mudgal,
R.K. Chouhan, D.
Mishra , S.S.
Amritphale and N.
Chandra

Development of cement free ferro-geopolymer composite panels for rural
housing applications, Proceedings of National Workshop on Technologies for
Sustainable Rural Development having Potential of Socio-Economic
Upliftment (TSRD-2014), J.P. Shukla (ed.), July 4-5, 2014, Page 19-22,
Bhopal, Allied Publishers Private Limited, New Delhi.
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5. A. Manware, S. Malvi, | Development of cement free concrete blocks for making in-house pathways
R.K. Chouhan, M. for application in rural areas, Proceedings of National Workshop on
Mudgal, D.Mishra, Technologies for Sustainable Rural Development having Potential of Socio-
S.S. Amritphale and Economic Upliftment (TSRD-2014), J.P. Shukla (ed.), July 4-5, 2014,
N. Chandra Bhopal, Page 23-26, Allied Publishers Private Limited, New Delhi.

6. R.K. Bharilya and R. Analysis of manipulator application, graphics, intelligent kinematics and
Purohit actuators in action, International Conference on Materials Processing and

Characterization (ICMPC-2015), Elsevier, March 14-15, 2014, Hyderabad, (in
press), Materials Today (MATPR-380; in press).

7. R.K. Bharilya, R. Study of optimized process parameters in turning operation through force
Malgaya, L. Patidar, dynamometer on CNC machine of mechanical workshop of AMPRI,
R.K. Gurjar and International Conference on Materials Processing and Characterization
A.K.Jha (ICMPC-2015), Elsevier,March 14-15, 2014, Hyderabad, (in press); Materials

Today (MATPR-389; in press).

8. H. Jain, J. Tripathi, Optimisation & evaluation of machining parameters for turning operation of
R.K. Bharilya, S. Jain inconel-625, International Conference on Materials Processing and
and A. Kumar Characterization (ICMPC-2015), Elsevier, March 14-15, 2014, Hyderabad, (in

press), Materials Today (MATPR-390; in press).

9. R. Purohit, N. Gupta, An investigation on manufacturing of self healing materials, International
M.R. Purohit, A. Conference on Materials Processing and Characterization (ICMPC-2015),
Patil, R.K. Bharilya March 14-15, 2014, Hyderabad, (in press), Elsevier, Materials Today
and S.K. Singh (MATPR-518; in press).

10. S. Lahiri, R. Management of technologies for transfer to the rural sector: Case studies
Dasgupta, A.K. Jha from MP India, Proceedings of National Workshop on Technologies for
and R.K. Soni Sustainable Rural Development having Potential of Socio-Economic

Upliftment (TSRD-2014), J.P. Shukla (ed.), July 4-5, 2014, Bhopal, Page
219-229, Allied Publishers Pvt. Ltd., New Delhi.

11. M. Sonekar, N. Moringa oleifera as best biocoagulant and natural water purifier, Proceedings
Chaurasia, J.P. of National Workshop on Technologies for Sustainable Rural Development
Chaurasia and J. P. having Potential of Socio-Economic Upliftment (TSRD-2014), J.P. Shukla
Shukla (ed.), July 4-5, 2014, Bhopal, Page 422-434, Allied Publishers Pvt. Ltd., New

Delhi.

12. N.K. Choubey, J.P. Water resources of nahali watershed, barwani district, lower narmada valley,
Shuklaand D.C. Madhya Pradesh, Proceedings of National Workshop on Technologies for
Gupta Sustainable Rural Development having Potential of Socio-Economic

Upliftment (TSRD-2014), J.P. Shukla (ed.), July 4-5, 2014, Bhopal, Page
397- 402, Allied Publishers Pvt. Ltd., New Delhi.

13. R. Ram, J.P. Shukla, Development of irrigation potential in Malikhedi sericulture farm of Ujjain
C. Padmakar and district, M.P, Proceedings of National Workshop on Technologies for
R.N. Yadav Sustainable Rural Development having Potential of Socio-Economic

Upliftment (TSRD-2014), J.P. Shukla (ed.), July 4-5, 2014, Bhopal, Page 377-
381, Allied Publishers Pvt. Ltd., New Delhi.

14. J. Chaurasia, J.P. Environmental aspect of Ganga river: problems and solutions, Proceedings of
Chaurasiaand J.P. National Workshop on Technologies for Sustainable Rural Development
Shukla having Potential of Socio-Economic Upliftment (TSRD-2014), J.P. Shukla

(ed.), July 4-5, 2014, Bhopal, Page 364-367, Allied Publishers Pvt. Ltd., New
Delhi.
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15.

J.P. Shukla, R. Ram,
E. Peters, and R.N.
Yadav

Evaluation of surface and groundwater quality in kymore area, Katni, M.P.,
India, Proceedings of National Workshop on Technologies for Sustainable
Rural Development having Potential of Socio-Economic Upliftment (TSRD-
2014), J.P. Shukla (ed.), July 4-5, 2014, Bhopal, Page 350-363, Allied
Publishers Pvt. Ltd. New, Delhi.

16.

H.L. Tiwari, J.P.
Shukla, S. Mishra,
and S. Tiwari

Study of trapezoidal cut impact wall for the design of stilling basin models,
Proceedings of National Workshop on Technologies for Sustainable Rural
Development having Potential of Socio-Economic Upliftment (TSRD-2014),
J.P. Shukla (ed.), July 4-5, 2014, Bhopal, Page 343-349, Allied Publishers
Pvt. Ltd., New Delhi.

17.

M.K. Soni, S. Jain,
J.P. Shukla and P.K.
Verma

Integrated approach using remote sensing and GIS techniques for delineating
groundwater potential zones in parts of Betwa river basin of Madhya Pradesh,
Proceedings of National Workshop on Technologies for Sustainable Rural
Development having Potential of Socio-Economic Upliftment (TSRD-2014),
J.P. Shukla (ed.), July 4-5, 2014, Bhopal, Page 409-421, Allied Publishers
Pvt. Ltd., New Delhi.

18.

S. Mishra, C.
Saravanam, V.K.
Dwivedi and J.P.
Shukla

Rainfall prediction using hydrological time series data mining, Proceedings of
National Workshop on Technologies for Sustainable Rural Development
having Potential of Socio-Economic Upliftment (TSRD-2014), J.P. Shukla
(ed.), July 4-5, 2014, Bhopal, Page 403-408, Allied Publishers Pvt. Ltd., New
Delhi.

19.

M.S. Malik, S. Ahirwar
and J.P. Shukla

Promoting sustainable rural development through natural resource
management, Proceedings of National Workshop on Technologies for
Sustainable Rural Development having Potential of Socio-Economic
Upliftment (TSRD-2014), J.P. Shukla (ed.), July 4-5, 2014, Bhopal, Page 202-
208, Allied Publishers Pvt. Ltd., New Delhi.

20.

S. Murali, P. Asokan,
R.K. Morchhale, S.
Srimanth and Mohini
Saxena

Bulk use of fly ash in farmers’ fields: Approaches and appropriate strategies,
Proceedings of National Conference on Beneficial use of Fly Ash in
Construction Industry and Agriculture,Dr. CV Patil, May 23—-24, 2014, Raichur,
Page 02/6—02/16. Bhuvanayana Prakashan , Hubli

21.

S. Murali and R.K.
Morchhale

Sisal (Agave sisalana) fibre extraction for sustainable employment generation
in India, Proceedings of National Workshop on Technologies for Sustainable
Rural Development for Sustainable Rural Development having Potential of
Socio-Economic Upliftment (TSRD-2014), J.P. Shukla (ed.), July 4-5, 2014,
Bhopal, Page 184—193, Allied Publisher, New Delhi.

22.

R. Purviya, H.L. Tiwari
and S. Mishra

Proceedings of 19"
Coastal &
H.L.Tiwari,

Stochastic modelling of rainfall-runoff relationship,
International Conference on Hydraulics, Water Resources,
Environmental Engineering (HYDRO-2014), Bhopal, Dr.
Excellent Publishing House, New Delhi

23.

S. Mishra, H.L. Tiwari,
J.P. Shukla and R.
Purvia

Estimation of runoff and flood risk in the narmada river basin using
hydrological time series data mining, Proceedings of 19" International
Conference on Hydraulics, Water Resources, Coastal & Environmental
Engineering (HYDRO-2014), Bhopal, Dr. H.L.Tiwari, P 829—840, Excellent
Publishing House, New Delhi

24.

S. Mishra, C.
Saravanan and V.K
Dwivedi

Estimation of flood magnitude and flood risk in the Brahmaputra river basin
using hydrological time series data mining, International Conference on
Decision Support Systems for Early Warning and Mitigation of Disaster (DSS-
EWMD), Durgapur, December 28-30, 2014, Conference Proceedings

25.

H.L. Tiwari,
S.N.Mishra and
S.Tiwari

Improvement of stilling basin model over USBR Vi design, Proceedings of
National Seminar on Recent Trend in Science and Technology under the
Focal Theme of Science Congress, Science and Technology for Human
Development , March 30-31, 2015. Page 143, Conference Proceedings

26.

S. Mishra, H.L. Tiwari
and J.P. Shukla

Knowledge extraction from big data, 4™ Vigyan Bahrti Sammelan, February 5-
8, 2015, Goa, Conference Proceedings
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27. | TgEM UH, ST UPIA | STeargoT Ihrd v Yoy # oI Haaed Td Al FeHTINdT Pl JET
QIFel, TR AR, TS | JIHIS STIIIevT 877 TG Td Jdu & Uh 30T AP Bl e
0 Td AH AR | FFAS, 39 01-02, 2014, Ul , 7L UL, UST 76 , Tekgde Alegd
giea

28. UfRrar sfas, armoT 1T STEIE, F ThIghd BV HUTAB YaAY= & 3iaciiehed, Proceedings of IE &ar
T Td ST UehIer erel | [Tt HaFAed, 31red 01-02, 2014, HUTS , ALY U, Ut 29, Tekgde dlogdHl

29. | U AAEQR, ST @ | AT St o wdieT & forw o 31 T Aol o T RBIOT GTRlG Nia I Teh hH
YT T TeA. Hel TEeEl, Proceedings of TERA &) fasirer weaeld, 3red 01-02, 2014, HiuTeT

ALY UG, UST 35, Tekgde dlegdl

30. | Ud. & Gl SO AT U & gsaret forerr FfUd |3 ataAe a1él & ATgell STIIeur 817 H ofd

YeFelT U &Y Y I Tadl STl Gt T fa@wrd, Proceedings of IE ET fa<irar @@areld, 3rmed
01-02, 2014, HUTel , HLT UG, UST 48, Tekcde dlogdl

31. | e sy, @fasr | e Rad gRT AARAr A4t o1 e St gan) &) o1 e fad et A
IR, . 0. IR va | T Tdded, Proceedings of TET Ber fa<ier da e, 39ed 01-02,
1. Y. reFer 2014, HIUTeT , ALY UG, UST 51, Tekgdae dlegdd .

32 | P UG, ST Y. A 3ol & TAATAD Tl T TTHTT Td 3CTIA: el areiAS Holl : ALY
QT T &. &, FAUTS | uger & Heeh #, Proceedings of TE R fareiter @, 3mmea 01-02, 2014,

HIUTS , 7T Y&, UST 79, Tekgae dlogd .

33. | Gdres fasr s S HATS YU & &9 H d1e 1 diaczarh g Faar gar & fore srer aAsfar
TehTRI el TG &1 &Tel | dehelteh I SUANTIAT, Proceedings of TE &S fareited o, 319med 01-02,
feramy 2014, HIUTS , 7LT TS, U 74, Tekcae dlegd.

34, | SCATOI UHG Al | AT AT GATS & AT, GO v FHREASN & e &g O va A=
Td Hdleg, R8T #A FH-aT H A@FRdT (Harmony of Science and Knowledge), I8 f&dr

T FFHed, 319Fd 01-02, 2014, HIUTS , 7T USeT, UST 1. Tekgae diegd.
Book Chapters
1. D.P. Mondal and N. Jha, Aluminum matrix syntactic foams, in Metal Matrix Syntactic Foam:

Processing, Microstructure, Properties and Applications, Nikhil Gupta and P.K. Rohatgi (eds.), DTH
Publications Inc., USA, 1stedition, Year2015, Page 59-116.

2. S. Murali, R. Shrivastava and R.K. Morchhale, Agricultural residue based power generation: A viable
option in India, in Energy Security and Development: The Global Context and Indian Perspects, S.
Ulgiatiand B.S. Reddy (eds.), Springer, The Netherlands, Year 2015, Page 393—409.
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AcSIR Related Activities

Classes in AcSIR

PhD Programs in Engineering Sciences (Materials Science and Technology) and Chemical Sciences
disciplines have been initiated at CSIR-AMPRI, Bhopal in 2014 under the aegis of the Academy of Scientific
and Innovative Research, popularly known as AcSIR. At present, the total strength of PhD scholars in the two
disciplines is 23. The students are pursuing research in the cutting edge areas of advanced materials
including lightweight and high strength materials, shape memory materials, nanostructured alloys and
composites, natural resources and waste utilization, natural fibre based construction materials, radiation
shielding materials, and environmental applied and industrial chemistry.

Before starting with research activities, students of AcSIR are required to complete courses depending
on their qualifications. The courses are distributed as Lectures, Practicals and tutorials and each course has
a credit earmarked. At AcSIR AMPRI, courses have been designed in three categories, Level 1 courses are
core courses which gives a basic concept of important subjects in the discipline; level 2 courses are
specialized courses and Level 3 courses are super speciality courses that make the student’s knowledge of
the subject at par with the latest in the field and competent enough to carry out research in those areas. In the
Engineering Sciences stream three core level courses, seven level 2 and eighteen level 3 courses are being
offered, whereas in Chemical Sciences stream the numbers are 3, 11 and 11 respectively. Faculty is drawn
from CSIR-AMPRI staff and most of the Scientists and Technical Officers are enrolled as faculty. Twice every
year as per AcSIR guidelines students are inducted.
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Knowledge Resource Centre

Knowledge Ressource Centre

The objective of the Knowledge Resource Centre (KRC) is to provide knowledge updates to the
research personnel of the Institute through subscribing various technical journals, books, magazines and
other means. NKRC has been an important means to make available the required technical
information/services from different publishers/agencies in order to keep our R&D personnel abreast with the
current worldwide scientific developments in their areas. The technical resources currently available at
AMPRI are being attempted to put online in order to make their most effective use on a larger scale. This
activity is currently being carried out towards establishing an Institutional Repository (IR) by different CSIR-
Institutes under a network project namely KNOWGATE formulated at CSIR level. At present, CSIR-AMPRI
KRC is using proprietary software for library management system called “LIBSYS” for managing its
resources. To make the information storage, retrieval and sharing exercise more effective, activities
pertaining to the creation of a CSIR distributed library/virtualized union OPAC system with CSIR holdings
using Z39.50 protocol & Open source integrated library management software are in progress. As far as
activities at AMPRI-KRVC are concerned, nearly 10000 entries of books, journals etc. have been migrated to
the newly developed integrated library management system. This includes Open Public Access Catalogue
(OPAC) which is compatible with Z39.50 protocol. Moreover, a multi dimensional analysis system is also
under development. Nearly 700 research publications authored by AMPRI-staff, annual reports, quarterly
reports, Agrasar (Quarterly publication) etc. are also enlisted therein.
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Talks & Lectures Delivered

Invited Talks & Lectures Delivered at AMPRI

1. Prof. Deshdeep Sahdey, IIT, Kanpur, Indigenous Technology in a Globalized World: A Case Study,
August7,2014.

2. Prof. Amod Kumar, Director, CSIR-CSIO, Chandigarh, Emerging Trends in Biomedical
Instrumentation, February 10,2015

3. Dr. G.P. Tiwari, Ramarao Adik Institute of Technology, Mumbai & former Scientist BARC Mumbai,
Mechanism of Internal Hydrogen Embritlement of Steel, March 18, 2015.

4, Dr. S.N. Upadhyay, DAE Raja Ramanna Fellow, Department of Chemical Engineering, |IT BHU,
Varanasi, Human Quest for Materials: The Changing Scenario, March 27, 2015.

Invited Talks & Lectures Delivered by the AMPRI Personnel

1. Dr. S. Murali, Sisal Fibre Technologies for Employment Generation, Consultative Workshop on
Livelihoods Based on Medicinal, Aromatic and Bamboo Produce, July 25,2014, Bhopal

2. Dr.S. Murali, (z3lq &)~ Fifiat Ugfal grT 39 forsahd, National Workshop in Hindi on ‘I & sgeta
ORa & P ARRIBIP! fejienst ud e & 1w 3maet””, July 28, 2014, Bhopal

3. Dr. O.P. Modi, Bio-materials, Short Term Training Programme on Synthesis, Characterization and
Applications of Bio- Materials”, June 25-29, 2014, Bhopal

4. Shri Gaurav Gupta, Stainless Steel Foam and NiTi Shape Memory Alloy", Short Term Training
Programme on "Synthesis, Characterizations & Applications of Biomaterials", June 25-29, 2014,
Bhopal

5. Shri Gaurav Gupta, Nano Indentation Studies on PLA Modified Hydroxyl Apatite (HAp) with Induced
Porosity, Recent Trends in Nanotechnology in Environmental and Biological Applications, November
22-23,2014,Bhopal

6. Dr. AK. Jha, Role of CSIR in the Development of High Speed Train, Indian Rail Development
Congress, September 11-12, 2014, New Delhi

7. Dr. AK. Jha, Materials and Technologies for Indigenous  Development of High Speed Train,
International Conferece on Materials Engineering and Technology, December 4-6, 2014, Ahmedabad

8. Dr.A.K. Jha, Innovation in India’s MSME Sector, July 2-3, 2014, Satna
Dr. J.P. Shukla, Space Technology or Water Resources Management, World Water Day, March 22,
2015, SATI, Vidisha

10. Dr. J.P. Shukla, CSIR Rural Technologies, Socio-Technical Conference on Inclusive & Sustainable
Social Development, November 20-21, 2014, Bhopal

11.  Dr. J.P. Shukla, Introduction to Intellectual Property Rights, Workshop on Intellectual Property Rights,
November 14-15, 2014, Gwalior

12. Dr. Rupa Dasgupta, CSIR-AMPRI's Foray into the Area of Thermo Responsive Shape Memory
Materials, Conference on Science and Research Orientation Program on Science & Technology for
Human Development, December 19-20, 2014, Bhopal

13. Dr. Rupa Dasgupta, Our Foray into Shape Memory Materials: Innovative Approaches, 1st Annual
World Congress on Smart Materials-2015 (WCSM-2015), March 23-25, 2015, South Korea
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14. Dr. S.S. Amritphale, Key Note Address, Second World Congress on Petrochemistry and Chemical
Engineering, October 27-29, 2014, USA

15. Dr. S.S. Amritphale, Invited lecture, Chemistry of cement, Workshop on Geopolymer Concrete under
TEQIP-II, January 27,2015, SATI, Vidisha

16. Dr. Deepti Mishra, Chemistry of geopolymeric materials, One Day Workshop on Geopolymer Concrete
under TEQIP-II, January 27,2015, SATI, Vidisha

17. Dr. Deepti Mishra, Geopolymers: wonder material for next decade, National conference on frontier
techniques and researches in civil engineering organised by LNCT, Bhopal, March 14,2015

18. Dr. P. Asokan, My Fulbright Experience and Resources Conservation and Waste Recycling, March 26,
2015,USA

19. Dr. P. Asokan, Renewable Resources Opportunities for Composite Industries & Showcasing, Sept.
10,2014, USA

20. Dr.P.Asokan, Utilization of Fly Ash in Construction and Construction Materials, July 11, 2014, Mumbai

21.  Dr. P.Asokan, Bulk Utilisation of Fly Ash in Building Construction Materials, Agriculture and High Value
AddedApplications, July 14,2014, Chennai

22. Dr. S.K. Sanghi, Invited lecture, Green Process of Characterization, National Training Program on
Advanced Instrumentation Methods, September 24,2014, MPCST, Bhopal.

23. Dr. S.K. Sanghi, Invited lecture, Miniaturization of separation techniques for microdevices, February
27,2015, Institute of Excellence in Higher Education, Bhopal.

24. Dr. S.K. Sanghi, Inaugural lecture, Nanotechnology and materials, Science and Research Orientation
Programme on Science & Technology for Human Development, December 19, 2014, University
Institute of Technology, BU, Bhopal.

Talks & Lectures Delivered at AMPRI by the AMPRI Personnel
1. Dr.A.K. Jha, Development of Indigenous High Speed Train, March 12, 2015.
2. Dr. Avneesh Anshul, Device Physics, February 5, 2015

3. Dr. Manish Wasnik, Multiscale Approach in Design and Analysis of Automotive Composites, October
30,2014

Dr. N. Sathish, Graphene: An Emerging Material, October 16, 2014.

5. Dr. Manish Mudgal, Development of Design Mix of Irradiation Shielding Concrete, Using Advanced
Shielding Aggregates, August 21,2014

6. Dr. A.K. Barnwal, Al203 Nano Particle Reinforced Aluminum Matrix Composites through Stir Casting
Technique, June 12,2014

Dr. Mahesh Patel, Highly Porous Ti-Foam through Powder Metallurgy Route, June 5,2014.
ShriP.D. Ekbote, Technology Transfer: An Overview, April 24,2014
9. ShriAbhishek Pandey, FastBreeder Reactors, Source of Energy in Future, April 10, 2014
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Rajbhasha Activities

Hindi Day Celebration

The Hindi week started from September 8,
2014 concluded on September 12, 2014 as Hindi
Divas Samaroh. Dr. Vijai Kumar, Deputy
Director, CIPET, Bhopal was the Chief Guest at
the main function. Various competitions, such as
Chitra aur Vichar, Prashnottarii and Noting were
organized for the staff during the week. Dr. Navin
Chand , Acting Director welcomed the guests
and underlined the importance of working in
Hindi.

At the main function, Dr. SAR, Hashmi, Sr.
Principal Scientist introduced the Chief Guest. In Release of SOPAN
his address the Chief Guest said that Hindi is an
excellent medium of communication and we all are capable of working in Hindi. He also appreciated the work
being done atAMPRI.

The Chief Guest released the annual Hindi magazine of the Institute, SOPAN. He also gave away the
prizes for the winners of the competitions, incentives for working in Hindi, and prizes for best articles
published in SOPAN- 2014. In the Technical category, the first Prize was given to “Badal Vigyan — Dr. SAR
Hashmi”, Second Prize to “Collector and E-Miner — Sh. R.K.Bharily” and third Prize was given to “Magical
Metals ; Shape Memory Metals — Sh. Shafique M. and Sh. Anup Kumar Khare”. In the Literary category First
Prize was given to “ Srishti ka ansh bane rahein — Dr. SAR Hashmi”, Second Prize to “ Ikkeesveen sadee kaa
kachra — Sh. Balvant Barkhaniya” and Third Prize was given to “Aap vrikhsh lagaayen — Sh. K.K.Naktode”.
The Controller of Administration, Sh. K.R.Balakrishna proposed the Vote of thanks and the programme was
conducted by Dr. Manisha Dubey, Hindi Officer.

Vaigyanik kaaryashala

A one day Scientific Workshop in Hindi was
organised at AMPRI on July 9, 2014. Research
papers in Hindi were presented by the scientists in
the workshop in a very effective and interesting
way. The coordinator of the programme, Dr.
S.A.R. Hashmi, Sr. Principal Scientist highlighted
the objectives of the workshop. Dr. Navin
Chandra, the then Acting Director , AMPRI was
the Chief Guest of the function. Dr. M.S.Yaday,
Chief Scientist chaired the technical session.

While inauguratin the workshop, Dr. Navin -
Chandra said that the language is a very important Workshop in Progress
tool of communication and there are far reaching
results of communicating in our own language.

Dr. Narayan Saha, Sr. Technical Officer presented paper on “Environment Development Project
Evaluation using Mathamatical and Computational Modeling”, Sh. MerajAhmed, Scientist on “ Upgradation
in the quality of Forming”, Dr. A.K.Jha, Chief Scientist on “Material and Processes Research” and Sh. TSVC
Rao presented paper on “Microstructural surface studies”.

97
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The workshop was conducted by Dr. Manisha Dubey, Hindi Officer and Vote of thanks was presented by
Sh. R.S.Ahirwar, Principal Scientist.

Hindi kaaryashala

A one day hindi workshop was organised on
April 3, 2014 .The then Acting Director, CSIR-
AMPRI, Dr. Navin Chandra was the Chief Guest at
the workshop. While addressing the staff Dr. Navin
Chandra said that for increasing the volume of
work in Hindi we should emphasise on the use of
Unicode.

Dr. Manisha Dubey, Hindi Officer made a
presentation on the requirements of the Official
Language Policy of Govt. Of India.

The Chief Guest gave away the prizes for Hindi Karyashala

articles published in the annual rajphasha magazine SOPAN — 2013. The authors discussed about their
respective articles.

Rajbhasha Kaaryashala

A one day Rajbhasha workshop on the use
of Unicode was organised on December 18,
2014. Dr. Sanjay Agrawal, Reader, IT
Department, NITTTR, Bhopal made a
presentation on use of Unicode script for the
progressive use of Hindi.

In the outset, Dr. Manisha Dubey introduced
the guest and Sh. P.D. Ekbote, Chief Scientist
welcomed the guests. In his lecture, Dr. Agrawal
very interestingly highlightd use of Unicode in -
various aspects of Rajbhasha activities. Workshop in Progress




Meeting of the Management Council

24th Meeting of Management Council

The reconstituted Management Council meeting was held on March 24, 2015. The
members discussed various issues relating to administrative approvals and projects taken up
by the Institute. The council also discussed the purchase of new staff vehicles.
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Staff News

Retirement on Superannuation

° Shri Ramcharan Malvi, Driver retired on superannuation on 30.04.2014.

° Dr. Navin Chandra, Acting Director retired on 31. 7.014.

° Shri H.N.Rao, Sr. Technical Officer retired on superannuation on 31.07.2014.

° Dr. Swati Lahiri, Sr. Principal Scientist retired on superannuation on 30.08.2014.

° Shri R.S.Solanki, Chief Scientist retired on superannuation on 30.09.2014.

° Sh. R.D.Kushwah, Lab. Assistant retired on superannuation on 30.11. 2014.

° Sh. P.K. Satyanesan, Asst. (Grade 1) retired on superannuation on 28.02. 2015.

Joining

° Dr. S. Das, Chief Scientist, CSIR-AMPRI, Bhopal assumed the charge of the post of Director,
CSIR-AMPRI, Bhopal on 31.03.2015.

° Shri Abhishek Pandey joined as Scientist on 10.02.2015.

° Shri Venkat A.N. Ch. joined as Scientist on 18.03.2015.

° Shri Manish Sukhdev Wasnik joined as Scientist on 15.09.2014.

° Dr. N. Satish joined as Senior Scientist on 25.09.2014.

Transfers

° Dr. Alka Mishra, Scientist, CSIR-NEERI, Nagpur joined AMPRI on 12.05.2014.

° Shri Ram Saroop, COA, Transferred on 28.04.2014 for joining CSIR-RAB, New Delhi.

° Dr. M.D. Goel, Scientist relieved on 09.05.2014 for joining CSIR-NEERI, Nagpur on transfer.

° Shri K.R. Balakrishna, COA joined AMPRI on 02.06.2014 on transfer from CSIR-CFTRI, Mysore.

° Dr. S.K.S. Rathore, Sr. Principal Scientist joined CSIR-AMPRI on 28.07.2014 on transfer from
CSIR-NBRI, Lucknow.

° Shri Bhag Singh Shiksharti, SPO transferred to CSIR-NISCAIR, New Delhi on March 31, 2015.
Assessment Promotions
° Dr. Deepti Mishra, Senior Scientist to Principal Scientist

° Shri S. Srimanth, Senior Scientist to Principal Scientist

° Dr. S. Saxena, Senior Scientist to Principal Scientist

° Dr. J.P.Pandey, Sr. Technical Officer(2) to Sr. Technical Officer(3)

° Shri H.N. Rao, Sr. Technical Officer(2) to Sr. Technical Officer(3)

° Shri A. Kulshreshth, Sr. Technical Officer(2) to Sr. Technical Officer(3)
° Dr. E. Peters, Sr. Technical Officer(2) to Sr. Technical Officer(3)

° Dr. V.S.Gowri, Sr. Technical Officer(2) to Sr. Technical Officer(3)

° Shri O.P.Chourasia, Technical Asstt 111(2) to Technical Asstt 111(3)
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° Shri A.K.Asati, Sr. Technician (1)/11(3) to Sr. Technician (2)/11(4)

° Dr. N. Saha, Sr. Technical Officer(3) PB 3 to Pri. Technical Officer, PB 4
° Sh. T.S.V.C. Rao, , Sr. Technical Officer(2) to Sr. Technical Officer(3)

° Sh. M.K..Ban, Sr. Technical Officer(2) to Sr. Technical Officer(3)

° Sh. S.K.Suryavanshi, Sr. Technician (1) to Sr. Technician (2)

° Sh. N.S.Jadav, Lab Attendant(3) to Lab Attendant (4)

° Sh. N. Vishvanathan, Sr. Steno to Private Secretary

° Mrs S. Vijayan, Sr. Steno to Private Secretary.

Financial Upgradation under Modified Assured Career Progression (MACP) Scheme
° Shri Harihar Singh Yadav, Asstt. G, Gr. Il

° Shri D.N. Prasad,Tea and Coffee Maker has been upgraded from the pay scale of Rs. 5200-20200
with grade pay of Rs. 1900/- to the pay scale of Rs. 5200-20200 with a pay scale of Rs. 2000/-
under MACP Scheme

Higher Education

° Dr. M. D. Goel, Scientist, awarded Ph.D. from IIT, Delhi for his work on “Blast Response of
Structures and it's mitigation using Advanced Lightweight Materials”.

° Dr. A.K. Singh, Senior Principal Scientist awarded Ph.D. from RGPV, Bhopal, for his work on “Effect
of Processing Parameters on Extrusion Using Experimentation with Modeling Materials and
Simulation techniques”

Award

° Dr. J.P. Shukla, Principal Scientist has been awarded with K.K. Singh award (2014) by Indian
Society of Remote Sensing (Bhopal chapter) for extraordinary contribution in the field of Remote
Sensing in Madhya Pradesh, July 4, 2014

Fellowship/Deputations Abroad

° Dr. Rupa Dasgupta Visited Busan, South Korea, March 23-25, 2015 to attend the 1st Annual World
Congress of Smart Materials-2015 (WCSM-2015) and deliver an invited lecture.

° Dr. P. Asokan visited Washington State University, USA as Adjunct Faculty under the Fulbright-
Nehru Academic and Professional Excellence Fellowship awarded by United States - India
Education Foundation (USIEF), New Delhi and USA, during (August. 2014 - May 2015)

Condolence
° Shri Ram Kishore, Driver expired on 24.07.2014.
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Manpower (as on March 31, 2015)

Dr. S. Das, Director

Group IV
Dr. Navin Chand Chief Scientist
Sh. P.D. Ekbote Chief Scientist
Dr. AK. Jha Chief Scientist
Dr. O.P. Modi Chief Scientist

Dr. J.P. Barnwal

Chief Scientist

Dr. B.K. Prasad

Chief Scientist

Dr. M.S. Yadav

Chief Scientist

Dr. S.S. Amritphale

Chief Scientist

Dr. (Ms) Rupa Dasgupta

Senior Principal Scientist

Dr. R.K. Morchhale

Senior Principal Scientist

Dr. S.A.R. Hashmi

Senior Principal Scientist

Dr. Murari Prasad

Senior Principal Scientist

Dr. S.K. Sanghi Senior Principal Scientist
Dr. D.P. Mondal Senior Principal Scientist
Dr. I. B. Singh Senior Principal Scientist
Dr. S.K.S. Rathore Senior Principal Scientist
Dr. AK. Singh Senior Principal Scientist
Dr. P. Asokan Senior Principal Scientist
Dr. R K Rawlley Principal Scientist

Sh. R.S. Ahirwar

Principal Scientist

Sh Mohd Akram Khan

Principal Scientist

Dr. Manish Mudgal

Principal Scientist

Dr. J.P. Shukla

Principal Scientist

Dr. R. Ram

Principal Scientist

Sh. H.N. Bhargaw

Principal Scientist

Dr. S. Saxena

Principal Scientist

Sh. S. Shrimanth

Principal Scientist

Dr. (Ms) Deepti Mishra

Principal Scientist

Dr. S. Murali

Senior Scientist

Dr. J.P. Chaurasia

Senior Scientist

Sh. R.K. Bharilya

Senior Scientist

Dr. N. Sathish

Senior Scientist

Dr. Sanjay K. Panthi

Senior Scientist

Sh. Meraj Ahmed Scientist
Sh. Gaurav K. Gupta Scientist
Sh. Satanand Mishra Scientist
Sh. Abhishek Pandey Scientist
Sh. Venkat A.N. Ch. Scientist
Sh. M.S, Wasnik Scientist
Dr. Alka Mishra Scientist
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Group Il

Dr. N. Saha Pri. Tech. Officer (3)
Dr. Ajay Naik Sr. Tech. Officer (3)
Sh. R.K. Chauhan Sr. Tech. Officer (3)
Dr. J.P. Pandey Sr. Tech. Officer (3)
Sh. A. Kulshreshtha Sr. Tech. Officer (3)
Sh. M. Chandra Sr. Tech. Officer (3)
Sh. P. Banerjee Sr. Tech. Officer (3)
Dr. E. Peters Sr. Tech. Officer (3)
Dr. Sorna Gowri Sr. Tech. Officer (3)
Sh. M.K. Ban Sr. Tech. Officer (3)
Sh. TSVC. Rao Sr. Tech. Officer (3)
Sh. R.K. Soni Sr. Tech. Officer (3)
Dr. (Ms). P. Padmakaran Sr. Tech. Officer (3)
Sh. A.A. Baksh Sr. Tech. Officer (3)
Sh. O.P. Chaurasia Jr. Engineer

Ms. S. Gamad Technical Assistant
Sh. Prashant N. Technical Assistant
Sh. M. Safique M Technical Assistant
Sh. K. K. Naktode Technical Assistant
Sh. Deepak Kumar Kashyap Technical Assistant
Sh. B. Barkhaniya Technical Assistant
Sh. AK. Khare Technical Assistant

Group Il

Sh. U.M. Lakra Sr. Technician (2)
Sh. R.K. Kosthi Sr. Technician (2)
Sh. R.K. Gurjar Sr. Technician (2)
Sh. Md. Rafique Sr. Technician (2)
Sh. A. Yadav Sr. Technician (2)
Sh. M. L. Gurjar Sr. Technician (2)
Sh. A. Ullah Sr. Technician (2)
Sh. D. K. Singh Sr. Technician (2)
Sh. A. Saxena Sr. Technician (2)
Sh. S.K. Suryavanshi Sr. Technician (2)
Sh. AK. Asati Sr. Technician (2)
Ms. S.Pal Sr. Technician (1)
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Group |

Sh. S.K. Raikwar Lab Assistant
Sh. S.K. Batham Lab Assistant
Sh. L.N. Mehra Lab Assistant
Sh. B.L. Pradhan Lab Assistant
Sh. N.S. Jadav Lab Attendant (4)
Sh. L.N. Sahu Lab Attendant (2)
Sh. Indraj Yadav Lab Attendant (2)
Sh. Devilal Rathore Lab Attendant (2)
Sh. Anil Gond Lab Attendant (2)

Administration
Sh. R. Balahrishna COA
Sh. Bhag Singh Shiksharthi SPO
Sh. Ajay Kumar FAO
Sh. P. K. Shrivastava Protocol Officer
Sh. S. Majumdar SO(General)
Sh. P. K. Sinha SO(F&A)
Sh. A. K. Jain SO(General)
Dr. (Ms) M. Dubey Hindi Officer

Ms. S. Soman

Private Secretary

Ms. M. Surendran

Private Secretary

Sh. Sanjay Vinodiya

SO(F&A)

Sh. N. Vishwanathan

Private Secretary

Ms. S. Vijayan Private Secretary
Sh. D.M. Chilbule Assistant. (S&P) Gr. |
Sh. J. Kujur Assistant (G) Gr.l
Ms. A. Vinodia Assistant (G) Gr.l
Sh. N.K. Pethari Assistant (G) Gr.l
Sh. N. Jaiswal Assistant (G) Gr.l
Sh. V. Nathiley Assistant (S&P) Gr.l
Sh. V. Shrivastava Assistant (F&A) Gr.l
Sh. H. Singh Assistant (G) Gr.ll
Sh. S. Bhawsar (On lien) Sr. Hindi Translator
Ms. A. Daniel Receptionist

Ms.T. Rangari Record Keeper

Sh. K.P. Tripathi Security Guard

Sh. R.N. Pradhan Security Guard

Sh. G.B. Gurung Security Guard

Sh. D.N. Prasad Tea & Coffee Maker
Sh. Dayaram Safaiwala

Ms. A. Golait Peon
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CSIR-ADVANCED MATERIALS AND PROCESSES
RESEARCH INSTITUTE (AMPRI), BHOPAL

MAJOR R&D AREAS

<+ INDUSTRIAL WASTE UTILIZATION
<+ SOCIETAL MISSION

* LIGHTWEIGHT METALLIC MATERIALS & COMPOSITES
<+ NATURAL FIBRES & HYBRID POLYMER COMPOSITES
<* RADIATION SHIELDING & GEO POLYMERIC MATERIALS

MNose Cone

MMC Brakedrum

.

Al Foam Casting

Lightweight Sandwich
Composite

NEW MATERIALS AND PROCESSES

YN Y Y Y Y Y YYYVYYY

METAL MATRIX COMPOSITES FOR AUTOMOBILE APPLICATION
ALUMINIUM, TITANIUM AND STAINLESS STEEL FOAMS
GRAPHENE & CNT REINFORCED COMPOSITES

SMART AND SHAPE MEMORY MATERIALS FOR ACTUATORS
NANO MATERIALS & COMPOSITES

NATURAL FIBRE REINFORCED COMPOSITES

INDUSTRIAL WASTE UTILIZATION

ADVANCED CONSTRUCTION MATERIALS

ELECTRO MAGNETIC FORMING & SHEET METAL FORMING
HYBRID COMPOSITES

ADDITIVE MANUFACTURING

FINITE ELEMENT SIMULATION.

S

Al Foam Core
Sandwich Panal

TECHNOLOGY TRANSFER

Structure Made of
Geopolymer Concrete

Cost effective Harmmer tips for sugar mills: MJ/S Asugar Egg, Pune
Cement Free Concrete: M/s lindal Steel and Power Ltd, Raigarh
Process for synthesis of Al alloy based SiC dispersed composites:
W5 Exclusive Magnesium, Hyderabad.

Hybrid Wood Substitute Composites: M/S VSM Ind. Pvt Ltd, Surat,
High Performance Hybrid Compaosite Materials (HP-Compaosites)”
: M/S Chauhan Fly Ash Products, Chandrapur, Maharashtra.

Suspension Ring for

Railway Bogies

Transparent

Hybrid Composite Panel FRP Air Baffle FRP Oil Vapor Seal Radiation Shielding
Panels Shielding Materials
m F .2 .,
P For details please contact:
Tel: +91- 755-2457105, Dr. 5. Das
Director,

Fax: +91-755 2457042

Email: director@ampri.res.in

Website: www.ampri.res.in

Bhopal - 462026 (MP), India

CSIR- Advanced Materials and Processes Research Institute
(AMPRI), Hoshangabad road, Near Habibganj naka,
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