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W OE EEAREBERHSATPMAERESHA A FLIR,XRD Al DSC #iE FrELWN HHERT . P/A R
KEST ERSLHSHENTL SREV ESREN PPAFSRES A TEFAFSHBHETMT
Az TEAMIEEEN, ST REEMEGH 57.2% K2 26.4% ), & 1 8 85 % X ((010) B i 0.623
nm B0 B 0.632 nnm) , H R R TR AN (e 12.83 am B0 B 6.48 nm) , X EFL AR ERBNFEFRIB PR
SBBRE, B o SA0(040) T E KT H R4, XRD 3R ¥ K K83 (010), &R TE X . Fif &3, & P/
ABEISRRMEAHN D, « BHSHI S Y r SRR EPVOBEAGHET, 2884 34.8%.
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EAROkERENE" Y TESERKNFE
AN, CHESY . REWEREY . BEY
IR EY/EHNRE . A REREAN.
IR T, ARBFEXHTH PSERER S
FHHAPESPHS L THENAERRR 5
MM MADEEFEARRESAAAERBRE
F e AR S e R W vk ak PP/PAG IR
SHEE PPIFe K EAMNH PPIAESR
HEoMRYSal 4 HUNNTREEETA
EARBEWEENEEAFNSE B PP
FHRESRTHRERINEE. X TERRE )
BHRAT PPIABKRNRASEWELBTR
B LR .

FEEEWITT PPk PP/ERHARERD PP
2 B 170, 0 Maii”® SBF5 T PP/CaCO, H & 414
EO~36vol MR M RITH . BEREN, &
fi& CaCO; A (0~ 4vol% )BT, PP B4 R B A&
KEEZRE BLEREREEMERTSESE
(4 vol% ~16.5vol% ) B} , L EE LFEHETME 8
FEBE 4ERETR, 8 88 (16.5v1% ~
36vol % )i, REERMAKEREM, SMERET
R FRi% PP/CaCO, E S MBI+ PP IS REEY
W oa-BER MEAF" T EREHEEBA CaCO, £
#HT B-PPHIA K. RBEPHR T PP/ICaCO, E &
M p-RHERM D FHEZRAXE . ER
E—FHARAEANE4HRRBRERKESHE

PPHIHERKER , XHHMERESHH$ 5-PP
EHRNTAARE R BESEHR TS
CaCO, R FRIM PPHERITHNEN, RIH
CaCO, IR B EM /P, AFR THERS «-PPHE &
B, KT o-PPBIRSE R T .CaCO, FBIMM, o-
PP E B4 . Rt & 0.5 pm 7 E R CaCO,
HEH £ PPARMEM.
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B, RGH R T L ERREEE. REYHEANE
FFEWTTIMERREK FEESRATHE
FHBUHERBERRAR/BENGERE&TH
MER, EREH SEFERAERRNBREAS/
AXTBH  ENRBOREENSRKERME,
GBRIE/NEEPPHPPIERPRMAKED,BEY
BEEN BAEKESEEN B-PPAE M. Greeo
00 L WA -PP/EPRERFHRERTE B-PP A&
BRSO ERS T RE T EARE S
BERAT PP X PPEE ISR R b PP 50T
b RE MENN S PP FHEIHM
WHAE, & THEFRSEHEZARE, SBLT
MEHFRERK, SEEIEY X, ERETRE,
L PP 24t 40 RPREERS , A dE BB, X F I
Rt PPIERES T KE LR . ELTRE
W& 60 PPUE BRI SLIRA D, H p-FER.
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KR EE R HERT PP/ A BHK
R PPHISRIT AT SREV, PPEHBL
BES PP RO THEEFMERFREZBRE,
FHPPAMBIEEK, BE TR FEHLPPE
MTRBEMEFFHEATHRMKE, BRERY
WK EPOBEGHNERD . r-=HMAE
.

1 SEBFHS

1.1 HE59&

HRNE P01 AT ERIER MI N 2.5y
W0min), PEAABGTFAHATRGAERLE;
A AR, SE LM AR, RIEBT 2R M T 57
Bk A8 KPRO(KRESE 9%, HEARMTF
O.5mm), WIKERLSWERLA . FAHERR
ol - SR A Bk
1.2 HRH%E
1.2.1 EEkABH & ol Bk A 2 KP250
ET 00 CHRBY P, 1 min 5B S 2 EkK
A& .2 EP250( Rk 250 /%) .
1.2.2 GEBA%H HEEAASHE(EE
TR 10%)IMABRERBKH =FEEMA,
fERKB (LR BREE N SoC) MR . FERE
WhE.OMARREP2SOWH 3 h ja, hEIHFARK
BRE%I pHEL N 6,153 YEP250.
1.2.3 BEARAEEARTFHWE WREE
BR B R AR NP HIT(ER,BLH
A E R BAE I a4 B4, 5% 2 ey v e HL A
RHEAGEN, FXRAAH 0 v/min £4). 9
BAGHRO#NG 2REBELEBRD R, TR
—KBE.AXEMARR 2 ~-5m BRB
(FAODFF BB (T RINMAGBHRERES
—ERNHEAE B PEBRSRE . BESAH
Z} 157 5 B 30 W .
1.2.4 BEAEB/EAEEESGHENEH R BEAR
EHEN PPPABREGCH R ENREEEI(A
170C) R BB 15 min J5 , 7 50 B F R LHL -
(85 190°C, 10 MPa ) 18 5% &Y .
1.3 S5HERIT
1.3.1 FTIR JH Nicolet-560 7 8§ 37 i ZF # 41
SR (KBr HE B ) I 5E .
1.3.2 Skg5w K F 7 2 Philips Analytical
2 F)E) X Pert PRD B X 8120 fi7 531 57 51 4 5 PP.
ABEH PPARESBAMMERREM M &

kg R HAE FE,REEA B EE 40 kY,
BRI 30mA BEEKH 1.54 om, 9 H
(20):10 ~50°, 334 B L :0.06 (°)/min.

1.3.3 DSC 447 Du pont2100 % i 43 47 {X
E,FHB Kl 40 ~ 200°C , N, S FA AR 50 ml/min,
ABER 10 Kmn. THEEREMNBRIBEAORKE
RS 209 Vg,

2 XRS5t

2.1 PPSEPHBREBRISTHEBNETL

EAREMDHDRELTHY IFEES.
FESEZHEEANLE, YR ~ERBIHET N
MED HAEREXR—-FZEWHNn A8
Bsp BIEBRRFUKX - B(«OEREERMEE
WA RE . ESERZHKFERA %S
HREE IS RAPENHEHEH BRES
B.ERNMAEBNE. TEKAB(KPREEY
ERBAZELNRRBEALEY . HRRBA
BRAEATRELSH RS 6 S ATEE,
MmERE —EWEPE. TEKA S (EP)E KP
W SR, SESRE I MEERERHEY
=9 BEH R ZILNERRER AR EE
EAS EP, HILEZEmHENY 28.95 m'/g, FLE R
51.27% 107" em’/g, V-3 FL42 7.085 nm, HRE T
ORFEAHNESNERDIE. RNGEERAH
HUREARE S THE .S PP 5 EP HLREG,
BEREPPS5OBMHE ARREMNEBESH
ERRNPPSaBREMILERA B H
PP AEZ MBI AR X —ila KA, B A5
FHBR, e KA MR #TR SRR
EhERR.

PP milled

| PP-EP250 milled

2000 1000

Wavenumber (cm 1)

3000

Fig. 1 FTIR spectra of milled PP, milled PP/EP250, EP250



24 FRAMSF:-BEARENHERTEASODBEEAPREABRSSANEL 231

BH1EEEKAB(EP)MEEREEN PP,
PP/EP $}5K B4 £1 Sb W it 3%, X W 4 BT = W3, EP
AT FHKE B R IE % ¥ (2922, 2853
em™ ) EBEH T EATHA(1736,1112 cm ™', 1019
em™ ' YFIFF & IR (1582, 1465 cm ") TR i W 5 B0 %5
BEfY PP 7E 842,973 e A M B A S @ PP R
¥ ,{H7F PP/EP E S B AR P, X MR ILFH K
T,%H PP AL R M FNTE 1589 cm™ ' 4L H
BTG GR R, 7E 1120 B 1040 em ' 4
W TR SRIUE, PP MH © Rt 2 4
THPMMESE XAREARTPPSERBMNEANE
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RERZBIARET HLERN , HBATERARN
FEFREW,H{ PPEP ML S EERERM & .
EMZE PP S EP ML REB D . PP THEETH
R.OATHEWMRE T AL

BhARSEERERMFRIMASEREH, &
30 ESME PP A MFR H 2.53 /10 min #2553
7.88 ¢/10 min; A A 2B J5 MFR F Br BB, ) 82 3t
Y MFR = 1.51 g/10 min, i 3t 58 BE ¥ &% MFR =
1.78 /10 min, BB T4 10% . IF BB BERE PP S
MarHBERTR, MAaBKmAXNPPRERSA
B .
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Fig. 2 XRD patterns of (a}un-milled pellets.{b)milled PP powders, (¢} PP/YEP250 composites by pan milling and (d}PP/YEP250 co-powders by

pan milling

2.2 ERAWEX PPLEARITANENE

B 2 2 PP R T RZBREH S8 PP EK PP/
YEP ESBAMMERERK PPABE S HHH
XA EE SRR EARES, PP X
PP/ YEP {& % ff) & I [a] BE 296 4 R 8 BE 5938 K, i
B 23 T4 1B B 4 OK, SE B B /N, PP &5 AR B RE
G, T R RRFHET 5 R B E KL X RN
BENEAFENYUEAERASHEETN S
THAWZAHRA, FEHITREREF X HE
B . ZERE TR EENBIERLRE, Sask

HEoER B REREEEREN XRD
R RIE KUIRESEMERERARE—F
FFHESHALIR  ERFFTIURIKES
L

238 Scherer FR™ A LB H o-PP K9 1%
MRS EH IR 1L,AILUES , BEFE PPH o
I d RSP R RE AN BT RB L EH R E,
EZEXTPPABERER . MOBMMAERTHE
AR XRA BERARENHANABRE
HEMMGAER, M P/YEP R BRI T RE
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AERP PPEFHESRRERT K ANEERT
HREEEE X—EARTEAREN
Bt PP I A PR /N T PP B4 K
THFEshiEE s FEHBRESKCIE A
A4 . R GRBNRERERRS T4 FiEH
BHANTHEEI S A& TEHERNFAER, M
ETREEK.

Table 1 The variation of crystallite dimension of -PP in samples

L110 L1040 L1300 L111 LG4l

{(nm) (nm) {nm} (nm) (am)

PP 12.83 11.63 11.66 11.88 11.93
Milled PP powders 6.48 647 6.49 — 6.51
Milled PP/YEP250 powders 6.69 6.69 — 6.74 —

PP/YEPZ) composites
13.25 13.38 13.41 13.46 13.48

by pan-milling

Table 2 The variation of crystallite dimension of graphite in samples

dop L002 Parameters
{nm) (nm) (¢,nm)
EP250 0.3354 22.05 0.6708
YEP250 0.3372 21.46 0.6744
Milled PP/YEP250 powders 0.3375 20.39 0.6750
PP/YEP250 composites b
Y 0.3356 18.97 0.6702

pan-mitling

2.3 EBAWMEY PPRASGHNER
X-BRMH(E2) SRR, EARE
& PP/YEP250 B & ¥ PP Y o -8 £ 5 & (040)
BB ARKE S (110) ¥, 5(130) M8 E £
K, UL B PP ¥y (040) ST B R O 1M AR KR,
(110) ((130) REAEK Z R H , REBE /MR K
HyHaBMZ@ESER, # PP/YEP K% PP
MERITRAERNNY £ 3 R PPe-RHRBH
REEEEMHTBEER .

Table 3  Unit cell parameters of a-PP for PP and PP/graphite samples

a{nm) &(nm) ¢(om)} B(o)
Un-milled PP 0.653 2,080 0.621 98.22
PP powders by pan milling 0.673 2.092 0.643 99.81

PP/YEP250 co-powders
0.680 2.168 0.583 98.12

by pan milling

PP/YEP250 composites
0.657 2.09% 0.635 98.70

by pan milling

MEITLUEL, BAREMF PPRARSH
EETAK, M PPl E, EABEM PP YRS
PWA ALESRENBHIHEEAYS FEEMN
B X PP/IYEP2SO0 A &, 81K+ PP G ZH o

bR e B/, N TG, HABESRMH
HERSHANKE HS5REEPPHELIIMA
WA HHERKTE(YEP2SO) IR T R RH T,
EERERS TR .

*THE 2 FHa)F(b)ATLLE H, PP R
g REELR BRFEARE, HHIRE
MR, R R A AR RR - R R
M,PP 5 YEP250 L8R BE J5 , PP B X-5 &% i1 Gt &
(Wo)ELLE THENTH, EEEXK, 4=
0.643 nm fiT B BIR TS , d = 0.542 nm 7 51 ¥ BA
DGR, KV RERK, AR VL. SR ERR
J5,PP I X-STER T 5T e (B 2c) B R 4L TE I
BiE, 5 PP(E 2a)HELBR AR, d =0.627 nm fi7
SRS, W d = 0.524 nm {79 EI83R , 3 218 I
Td=0444 nm 5T, R PP LIFF G R4
1.

S5 REBFEATM(NE4),d =
0.444 nm £ 7-=#1& 7F (130) & | 5 5F 1F 1 5t
o HHAERRENMABREREWNESERE
PP/YEP (R ZH PP Y - FiL N »-&. 7
PP/YEP2SO B &M KRB AHME P o EMy-RIL
e ¥ xmk(16,20] i AARK: K, = H, (130)/
[H,(130) + H,(130) ],k rr=# R TRK =
34.8% .

Table 4 Comparison of XRD results of PP with PP/YEP250 composites

PP PP/YEP250 composites
d 20 Relative bkl d 20 Relative
(nm) {°} intensity {nm) (°)  intensity

0.623 14.21 100 [0 0.627 14.11 27.71
0.520 17.03 66.31 040 0.524 16.87 100
0.474 18.71 64.70 130 0.478 18.55 25.28
0.444 19.98 13.49
0.416 21.36 73.9% 111 0.420 21.13 28.90
0.402 22.11 70.32 040 0.406 21.91 40.38

a-crystal
¥-crystal

AIAM TAELEERDT RENBNE R
SEEM HAFHRENE « pYHBATHE,E
A ATE A RIS & R T AR HP o-RBR
EHMAR RFHH AR EHRE;p-AERA
TER, —BEATARABE. - RER=F&
AR BRI pREL, AAEREXHT
B WERETTURAREH «-R8E - &
MEEHEE, A RAEREE TS AER
X FHEEN T TRERBMER, ER 4.
ERBEATU-ERAKNFENN 5, ERH
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RN, S, N A SN aEIRERE
A THEHRBEREIFE, FRIET o KB 0
y-RERRHEEEN - RENEE.

24 BEWMBENHEST PPHRENAER

# 5 & XRD # DSC M ERFEG S+ PP & &
ERNER . ZH EARBAINBERES S PPH
Z5HE DSC MESREHYRE T XRD.

Table 5 The crystallinity of PP in the samples

PP

Un-milled PP pellets Milled PP powders PP/YEP250 powders PP/YEG250 composite
Crystallinity of PP by XRD 57.16 35.44 26.38 54.41
Crystllinity of PP by DSC 36.28 45.73 42.55 49.64

— M s  XROMEZLEE ¢, RETH
EEERERTHEEE  AERATEEATIES
K MM AT A e Rk R 52
RS BEEMITASER. T DSCHMESRE C,
RUSHRAKFABREAERSELERAHAR
BHST KSR, FLU €, NAT C, . FEBEBK
PP E.FH PP/YEPR2ZSO ESHM B, C, KF C, &4
X—RE. EEDSCHMERERFABESILH

M, ARGEIR ESREMBREASES ¢, X
FC EPPIYEPEESHMB(C, - C,)=4.7T%i%
NFRBEPPH(C, - C,) =20.88% M, B&
REMEABS FHERB. BEALENGRYS T
HEAEBER AREFABIBRPRE TRIES
o G — U AR BT =R 3k SR 4L PP AR
FEATARESRA REFMANIERLARE
—MEFESITE.

Table 6 DSC results of PP in samples

T,(C) r.(T) T.{T) TA(C) (T, -T)T) AH (Mg AHANg)  Cl%)

F401 pellets 136.68 154,24 168.90 180.25 43.57 75.82 98.94 36.28
Milled PP powders 131.59 155.16 166.82 176.23 44 64 92.58 96.32 45.73
PP/YEP250 co-pawders 132.86 156.52 167.75 179.64 46,78 80.04 1.1 42.55
PP/YEP250 composites 126.33 152.75 165. 44 177.41 51.08 93.38 116.8 49.64

Note: & H, : Enthalpy of fusion; & H; tEnthalpy of crystallizations T, : Fusion temperature; T, : Crystallization temperature; C, : Crystallinity; T : Initiative

endothermal temperature ; T, : Terminate endothermal temperature

EARERELN DSCAWMER(F6)EH,
EAREFRASNERSRMEE 488 N5
SRR HESEE SRS SR EDH,
A XRDERENAL R EHER HHME Y
BEERERAR S TERBEE 2RSS
ARG BT ESFHIE R PP/YERSO KR S54
BHAH E, PPIYEP250 B K #E 5 I E RIS m iR
B HERRENMBEASRKEPPERI.ARER
ERERARX.A5PPPRAREGEL, BHMS
MERER/N 9% MERBHWKIE 15% .58
XRDEREMNLLRUEN, ABNFEKLET PP
B, XHAH FREMM A, SHERR PP X

AR T KR — 3. PP/YEP250 H & B 4%
MREE B EN TR, BERE, SRENES
MBHA R EAERNFEREREL RS,
MHS RS Fre®. PP/YEPR2SO H &M H
HRBESPPBRERIEREL, RAGBMNFLEHN
FAEPELS SR M fE A PP/YEP250 H A R
HPPRZREE BAER.FREARKY »-
ZRRMFESE X, 108 R 8 0 5 o 8 1 B K
REGERNMARE THH SRR, FERE
MR R EIGIRY TNEKRE I GMASHE
BESHTIEYE PPAREABRIBEFHNEHE
MBRTHREY .
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STUDY ON STRUCTURE CHANGES OF PP ADN PP/GRAPHITE SYSTEMS
DURING PAN-WILLING

LI Kanshe'””, WANG Qi'
(' The State Key Labaratory of Polymer Materinls Engincering , Polymer Research Institute of Sichuasn University , Chengdu  610065)
(* Material Engineering Deportmens of Xi™ an University of Science aned Tecnology, Xi'an T10054)

Abstract The PP/graphite compounding powders were prepared by pan-milling at ambient temperature . Under the
strong shear in pan-milling process, PP may react solid-mechanochemically with graphite. The crystalline structure
changes of PP in the PP/graphite system during pan-milling were characterized by using FTIR, DSC and WAXD
techniques. It was found that after pan-milling the crystallinity of PP decreased from 57.2% to 26.4% , the
crystallite size decrease and the distance between crystal faces slightly increased . These changes can be partially
recovered during further molding or thermal treatment . The results showed the existence of some content of y-form
crystals of PP in the PP/graphite composites after pan-milling. -

Key words Pan-milling, Polypropylene (PP), Graphite, PP/Graphite compounding powders, Crystallinity, 7¥-
Form crystal of PP



