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Study on modified Pelagic calcareous ooze filled polymer

composites

Abstract

Since the 1930s, when marine resources became a new object of study, a lot of
basic information and research results have been obtained on the deposition process,
compositional characteristics, geological characteristics and environmental
characteristics of oceanic sediments, but very little study has been done on their
practical applications, and no study has been reported on the application of deep-sea
calcareous clay (PCO). PCO is composed of granular minerals such as calcite, quartz,
and layered minerals such as elysium/montmorillonite, and contains porous calcium
algae, which has the characteristics of high rigidity, good stability and high activity, and
it is necessary to explore its application potential as a filling material for enhanced
organic matrix composites in the present era when similar resources on the surface are
becoming depleted.

In this study, we firstly started from the structure and composition of PCO, and
proved that the crystalline part of it was mainly calcite by XRD and FT-IR. SEM images
showed that there were also elysium/montmorillonite layer minerals and uniformly
distributed algal remains in PCO, which were determined to be calcareous algae, mainly
composed of calcium carbonate, under EDS analysis. A mixture of granular, lamellar
and pore-like structures was formed. The morphology of calcareous algae can be
classified into large, medium and small according to the particle size. The particle size
analysis of PCO shows that large calcareous algae, medium calcareous algae and calcite,
and small calcareous algae and elysium/montmorillonite mixed layer minerals are
concentrated in three particle sizes of 30.1 um, 9.7 pm and 2.5 pm, forming a
continuous open gradation composed, which proves that PCO has reasonable particle

size characteristics.



As a mixture of inorganic minerals as the main body, PCO is difficult to be
naturally coMPatible and dispersed with organic matrix. In this paper, PCO was first
modified before the preparation of composites. Stearic acid (SA), N,N'-ethylenedi
(stearamide) (EBS), (3-Aminopropyl) triethoxysilane (KH-550) and 3-(2, 3-
Epoxypropoxy) propyltrimethoxysilane (KH-560) were selected as modifiers through
sedimentation experiments, and the PCO modification process was completed by
mechanical force chemical method. ABS, linear low density polyethylene (LLDPE) and
polypropylene (PP), which are more representative among organic polymer plastics,
were selected to be compounded with PCO to prepare a variety of new composites with
improved mechanical properties. For the process conditions of preparing PCO
composites, the process parameters of mixing time of 10 min, rotor speed of 30 r/min,
molding time of 1 min and holding time of 24 hr were preferentially selected by
orthogonal tests. Subsequently, three PCO-filled composites were obtained by
following this condition for the mixing and molding process.

The performance tests showed that the PCO/ABS composites achieved the highest
tensile and flexural strengths of 56.1 MPa and 69.3 MPa, respectively, when filled with
10.0 wt.% KH-550 modified PCO, which increased by 26.9 % and 6.6 %, respectively,
coMPared with the control samples (i.e., samples without PCO filling), while the
hardness of the composites increased by The PCO/LLDPE composite reached the
highest bending strength of 15.6 MPa when filled with 5.0 wt.% KH-550 modified PCO,
which was 20.3 % higher than that of the control sample, and the highest tensile strength
of 23.2 MPa when filled with 10.0 wt.% KH-550 modified PCO, which was 8.2 %
higher than that of the control sample; the PCO/LLDPE composite reached the highest
bending strength of 15.6 MPa when filled with 5.0 wt.% KH-550 modified PCO, which
was 20.3 % higher than that of the control sample. The tensile and flexural strengths of
the PCO/PP composites reached the highest when filled with 5.0 wt.% KH-550
modified PCO, 28.73 MPa and 41.58 MPa, 8.41% and 24.1% higher than the control

group, and 7.57% higher hardness.



The FT-IR test results showed that the molecular structure of PCO did not change
during the composite process with the organic matrix.XRD tests showed that the
crystallinity of PP could be increased during the PCO/PP composite process, leading to
an increase in its mechanical properties. Meanwhile, the fracture SEM images of all
three composite samples showed that PCO disperses and hinders the stress transfer on
microscopic level when the material is stressed by embedding into the organization of
crystalline lamellae or non-crystalline regions of the organic matrix, thus hindering the
microscopic dislocation motion of the composite leading to its mechanical properties

enhancement.
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2.1 RIS R RHIE
2.1.1 BHEES BB 4 BUARHE

AN S 6 9 B EN FE VRIS R B (PCO) 1ENIERL. # PCO BERLEE 100 °C
8 NHET 48 hr, FIFH X SHLRTOERE (XRE) WA T HAFA K. 45584 PCO
F14 Ca0 79.5 %, Si0210.24 %, Nax0O 2.56 %, ALO; 1.42 %.

FIFH DX2700 B X SHEATH T (PR FEERA R A A A=, R4
N RGN Cu SEESS, B9 25 mA, BT 35KV, 20 fEEEREIN 5°~80°)
FJE 15177 380 B B AR 2T 4 1% 73BT {X (Thermo Fisher Scientific Co. Ltd 4=
P2, MRS N BBGER N 400 cm' ~4000 cm!,  FEHEEE 40 /30 £ 435
X PCO FE AT X SEATH 4387 (XRD) FILLAMGIE 4T (FT-IRD.

PCO 1) XRD 1 FT-IR 73 #r &5 R 53 w2, 1() MK 2.2(0)Fx. HE 2.1(a)
AL, PCO FEdh i) XRD 2t AL T 26= 29.0 °H)—BmATHf g, IR J7
fRATI(202) A TRIAT SV . IRAMERGZRAT T 20= 23.0 °. 31.6 °. 35.9 °, 39.5 °,
43.2°, 47.2 °H1 48.4 ° 4t H BG5S HIATE UG, 73 AT i F)(014). (006) (110)-
(113). (202). (018)FI(116)FHTHIIATSIE . BEB] PCO WIS YR E N iR f .

2.2(b)N PCO Ff S AT BB . AT L3 2R 1450 em™. 874 em™!.
1780 cm™ 1 725 em! &b HE IR SCRFAE DG, iE—2BAIE B PCO 1 B0 M2 il 77
f AT 1% DU AR I 43 S AT A8 T8 COs B SO FRARZE TR Bl C-O F% B 4 |
T A0S i ATTE A S 3RS . B 46, 3490 em™. 1130 cm™ Fl 456 e 4 W ST I AIE
B PCO W L0 W74, b 3490 e AR IERBI5E. 1130 cm™ H Si-
O-Si FHHZEHRFNFIHE . 456 cm™ AbH AL-O 2 IRBN 5L . L0 AMELEFREH PCO ()
FEE T RARRE LR, SECERENR. KB/ PCO B
WIS T4 80%, HhiLH H 20%.
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Fig. 2.1 (a) XRD patterns and (b) FT-IR spectra of pristine PCO samples.
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SLRSERE S 2 R 20 23 AR R, R ERARE it (R WL 2 A B CRLEE Rt it 4D
R 2.2 s, AL PCO BE G FIR B R ZRAERIAE AN 2.5 ums 9.7 um Al
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Fig. 2.2 Particle size distribution of pristine PCO samples.
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%t PCO FEM AT AT 0T . X PCO Hh B SE b AT IR R B A 3, FE %
H 4T EDS 4007, DMRFEIHAZEA R J0 R A AR 30 -

K 2.3 4 PCO HHI K A, B 2.3()~K 2.3(d)rT L, PCO Hi35%5)4)
MET A, BZRET VRTINS P& RS T . oy e/
SRIZT YIRS 433K 258 10.0 um A1 5.0 umo B 2.3(a) R bRos F0 57 AR 45 4
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K 2.3(e)f1 3.3 () Haf W, PCO Hr 557 43 A1 3 K J0RE RSBV TR A5 v o 1%
SRAEG PRI ST SFIITE 5.0 pm A4, B TRORIE/N B #3557, PCO (4 Hiou I
GARRE R IR B ARG B AE . B 2.3 BB T PCO HIA A THIREN
PRI SRS SR A R, T MR OB TR LR TG, /SR EN ) A
A2 ROIRGE ) HLZ A AR AS IR 45 AR A AN [ AR T SR R ST RFAIE AT 43k
R RN =3, ARG LS EETE SRR AN R, 25 R AN ],
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Fig. 2.3 SEM images of pristine PCO sample
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2.4(a)~2.4(d) AR ERIR S S UPIRANIE SR B 578 RSFAE 2.0 pm-3.0 pm /2
i, R/NEVEGEE: 2.4(e)Fl 2.4(0) TE TE IR AN T EDIR ()85 3 RTAE 5.0 pm-10.0 pm
A, ARV B 2.4(2)~2.40)HIE IR L TREDIRAN S AR 1045 e R



SPAE ] 20.0 pm PAE, 9RBUESEE. d11E 2.4 SRR, NS EE KRS0
ORFFEGE R, HASBEEYI A R o AR ALIR A TE S S5 R AR DR B 1 oK. 3
R T IRAN 2 DA RS 8 o SR B FLIF EAR 200 1.0 um, 87 TECIRRT T S0R A 58 A 45
TENARAE 1.0 pm BUR, B EPRONTI £ R85 3 i AL B4R 2908 2.0 pm, B AR
PH8E A FLIF N IR AL EARIUAE 0.1 pm BUR . R fLIA A E B8 H0E 2 H AR 58
IF, f§i453 PCO H GiE v, HAe fuvr ook 77 o+ 78 o i E N IX Se R 4544,
PEARKCEFI I RE T 5 B F 4 S BRIk, K24 83— DRM T
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Fig. 2.4 SEM images of various calcarous algae from PCO sample
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AL, BB R g B MO IRES . 1B 2.5(d) AT X3 Ca R
(K377 B, n] AT S DX ) A AR 5 8 56 BB 7 #2073 A Ca JTER, 111 2.5(e)
FITos BIRT SRS IX 8k Si TG 3R 70 A1 B mf LTIk AE A B Xk 2 Si Je R A7 (e HLE]
2.3(d)H Ca JERAEM N ARG B 1) X A1 5], TRE s s MM ER,
B 1 AR TP oe s oA EIER L A AT REPE . Ju R AR B T PCO T
RKELHMITER AN Callidr Si, ABA RIS BT
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Fig. 2.5 Element mapping images of PCO sample
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WocE, BEESE. B RERIIF BUE A 2 LR COFE S v de
HORZ W a0, W& —ERENER). C mHRNTER R T H 45N
49.74 %M1 63.29 %, immTHANTER. BT PCO FEM N BUE Sl b,
2ot 4 AP S AT S, HED L AR ORRER 4y C e ESR A T8 5 S Ui, BUERR
JCER MR EAE T E o LLIAMER R . Ca GRIE T 5EE 2 A BIN 4.14 %
11085 %, 294 Si mEREFSREE 7 HH 7 55 10 £, Si JoR IR EA 5
TH K. RY T PCO Wil Si DB, RIETH/EIRZT Y, PCO Hh
(ISR Ca JTEE N A5
#z21 PCO#SEHC. O\ Si\ Ca. AulIRERFMREF DL
Table 2.1 Quality percentage and atomic percentage of C, O, Si, Ca, Au

P
=
3 gl
I
=
Hm

from PCO sample

Element CK OK Si K CaK Au M
Mass% 49.74 33.02 1.13 10.85 5.26
Atom% 63.29 31.55 0.62 414 0.41

WL SEM 5 EDS (%A 58T, AT LUIE B AT 50K H B EDEE i PCO T &
PERF D), Ca TURAR, AMAMESEE. PCO HHESEA A, BT
B2 AR AR R, SR I SRR LT O S B, 1 T AL 4
HLE R EARFE 4T, VMR . 454 XRD M FTIR M40 Baran, ey
RN EEONBRIRES, 5 AR R AR A MR S 0B FE A Bk IR 25 —
AAENITERR EEL . TZ20ERME) SR, a2 Rl DL = S A 32 R
BERMA R IR 456X PCO ) SEM Zrtfr&i &, AT L5501 PCO 1EATT
R R FER HREY), BHAEAE GBI RN, A3 IR R A 2
A LA A A R IAEHA

2.2 BRIEES FYE LRIt %

PCO LEHMIUiMAHM, HEHDENPISIRZETYIAMPGEE. hT 4k
J% > K NN, SH IR RN Z, BTSN DA A HLAE A
I SI o RO B SRR . WAE S R A, NMIZATX PCO BEATATHLAL Ak
R



RN R R E L, H AT IO PSR, T E 14 70 e AR 1)
AVIFIE HURR 5 3G W35 35 R H A A I e 7RI A o | T e k77025 B B S
REPEAE G ™, ARSEIR LA A AT I SE I 2, IEBRREARIR (SA). NN'-Z
FEXEEHEE (EBS). y-Z N = AR (KH-550). v-(2,3- M A ) I 2
= FAR RS (KH-560) y-FH A P I I A0 2 Y 4 = F AU e (KH-570) KPR
IETEE (TBT) M= (TEA) fE8 PCO MM, @47/ ML
HESER . MRS Bk 2.2 B,

R 2.2 S ARG SRR

Table 2.2 Experimental reagents and sources

et R IR CisH3602 faEal RIgRTRL T AR A R
EBS CasH7sN202  fb224l Rilghad T AL RHE A A
KH-550 CoH2NOsSi 4 #r4l th— A PR A ]
KH-560 CoH200sSi Iy Hr e th— 23447 PR A w]
KH-570 C10H200sSi  43#fr4di th— A PR A ]
ERERIU T TR CieHssOaTi  Jpbirall RigRTH T AL RHE A
= R CeHsNOs  4h#rél  LRigRih: T AR A A
i CsHsO3 v T ARAH

E CA ST AL, AL RIS B = ORI A 520
PCO FEATEME, FERF TS VT 15 BB WL e e i 70 AT LA 77 R 1) o H
FIUTFEARRLEA I PCO St

# PCO f£ 80°C R HET, 2B B & 73 809 2.0 wt.%H) SA\EBS.KH-550.
KH-560. KH-570. TBT il TEA, EREE 1-2 /MiFJERE 1300 B+, REGVID L
P PCO, FHHAREMERISEE PCO LA A A FR G /E b R4 . 18P IRV o
N 10 ml A, 85 BB R PCO FERION , IRBDE S PCO 7840490
HTE VRS A s FP O ORI KT PRI B B E, 7EF#E Smin A1 10 min
I W5 V3o 2 5 Y TR A ST 2, AR A B PE PCO TR RS A s B DU B R
Bt 5 AERR 10 min WSk, ELRVTREIN AL — /MR, % et PCO T RERE
SRR e SHENS PN



i 2.6 7T, XTHRZHE PCO BT AL it

TSR FEIR PR, H 70 min

Je BRI 5 T ) v P A e 1 o B 57, KH-570. TBT Al TEA g% PCO
FE AR A T TR LR, RUIBERIROR B % . SA. EBS. KH-550
I KH-560 5 i PRV Fee T FEE 5018, 2 WA i £ R B 5 1 23 BSCEE A WLV 7
FFORRR B IBOIR A FEACIN H] o A SEIGARIEIIFE S0 45 5, I SA. EBS. KH-
550 A1 KH-560 1F 79 J5 22 &8 kHl 2% B4 FH 2otk PCO H sl 71

10 4
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Fig. 2.6 Dispersing curves of various organic modified PCO samples in paraffin
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IR 73#7, g Rl 2.7 A .

K 2.7 LR SFESH XRD K. Bk PCO BRI R 5 AL
2.1.1 T RAE () —HE, ATLE 20=29.0 °Ab VL5 2 —F 5 AT S 0, 5 fif A 1(202)
A T AT SR BT 7= 2R, R AR % b 7 AR R SS AT S W13 23 5ol V1 Je8 7 A A ) JEG A o T
TS, AT A5 A bR AT S RS Lt g — DA B o 2k rh R oA B, e



W SR ET R E AT 06 . B 2.7(a) LA B T SA BRI )G PCO 1
XRD W4k, Al WARBCT RSt PCO, ol PCO ) XRD 1 6 BEACA H ILBT R
TR, J A REAIE G (1 AF O 5 B8 0 R R AR AR A . R B UM R A PCO I dh AR 251
NG B P A B R AR A
FEM I FT-IR A &5 SRl 2.7(b), % PCO FE&HTE 1450 cm™. 874 cm™|

1780 e 1 725 e Ab 43 Y IR MU, 30 EE D7 A ) C O3> SO BRARI A IR 3 06
C-O XS RRANAE . [HIAM25 b A0 A 25 fh4RBh ™4 . thdh, & ot JE e i i 2 78
3490 cm™\ 1130 cm™ F1 456 em™ &b/~ ARSI, 430l HER B IR BN . Si-O-Si {48
JRBNAT Al-O B iR 51 . Mot S PCO [ FT-IR %2k, 5 ff A Avks 0 4 i)
FHIEWETEMWAAAE, SRS PCO MM Z AT —— XN, R T et I %A
ffi PCO JRAII 7 PR R A B . SA I EBS St (R il o HE B T o)
ST IRENE, AT 2918 em! AT 2849em! &b, Hi C-H B {H4E Rz 4. H
AU PE R PCO 1 FT-IR 3 & o R G B R, eloE A A IR sc e tH 30,

I AR ) 2 B AR 3

(a) (b)
KH-560 modified 1780 874 725 456
ifi 1130
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MH__—/LA_J\_J;J\_._»U%‘)‘_&__:»__’ T~ . N 3
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. KH-550 modified \i/ FT-\
e b M ] _\/‘_’/’ﬁ/‘\/—ﬁ\\ /\ﬂ‘ i
= = 2918 B \ i !
5 EBS modified S 3351 12849 EBS modified \ i/ ;
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5 IS I SA modified ;
Q (RN A A A i o
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Fig. 2.7 (a) XRD patterns and (b) FT-IR spectra of various modified
PCO samples.
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X, PCO & AR A AT B A (1 um-50 um), M/ MR B R #27E
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PCO ) RIHRLEE I 2 5 R 2t PCO HRFIEAR RS, 54578 =~ BT IgE 2L LT
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Fig. 2.8 Particle size distribution of various modified PCO samples.



BI3E HMRESEKIE/ABS EEH RIS &5 24T

ABS EFCAWMENE-T Z M-8 CIEILRY, ——FsmfEm. PEe. %7
T RIEEE IR, TR 2R H . ABS fE LIRS
BRL, HA AR AV R R AU R B ATE R A A BT A, Ho AR o
SR & HkE T ABS I EAYERE . O T FELR IR TR R MR R I, —Ru
FARTC EE RS ) ABS #70 AA RIS . ot PA-777B A ABS IR IHLIR
VBRI S T AL, ARSI R PCO fE LM RE R s ok}, &3
Uk JEIH PA-777B B ABS 2k} (LA FR ABS), 45 1 frfiionfE . &5 hos
JEEFNRE 2 3506 B AR = M A AL

3.1 SEWB R T E&KMNGE

3.1.1 IERSE &t

FEHi % PCO NIRH R G ARIAT, B Je @ 2x T2t T ik, MRyaL
FERIAHSCHIETE,  IRISZ I EHL e 1Y) 5N R SR RER) L 26 R
%, HEEETHEYNARE, MERERIH TZRMMEA P AL E R
PCO fE N7 L,y T Lkl 26 etk PCO se A NI FEAR 5 &A1 RH B
LA, TERSAFAMALHEAT R SN, BRI SR dh
BERIRCM . X DIRAERAT KERWAE, v 7 RSB mReR, AR
KT IEAS I 1T i

AR AW 7T 22 DR 2R 22 7K 1 — b [R At D5 2, HLad e A A R AL 0 I
LRI o 2, S HER I I aE R X R AT R R Bt
Bk, 2B AT B 2 S, WoRiES /NS U . IR ST R i
MR PrBhE R B R br s

A AR AE SR g TR TP AR 21 12 N, B RE il b
B RH, R A BRAS T R AG BE e PRt R DA R ST T B A 4 2R, 3w A
IR B RTINS W i — 2 T A R SR (AR R SRR 4



Gl O MR EMRERAIT, IR MRIN 8] . 7. RO I () A DR U N
[P I T 226N 3R, SR TTEATX PCOIABS B & A RHMERERIFZ T, LA
DLk e HE ) 2% 2560 IEBOYIESSRIE R 2R 1 T 2% 5 KT T

)
(2)
(3
(4)

TR BRIV (8]
B I T
JS LN [A]
EREAEE

5 min. 10 min #1 15 min.
20 r/min. 25 r/min 1 30 r/min.
1 min. 2 min 1 3 min.

12 hr. 24 hr 1 36 hr,

H A GG B ) PR R AR R KT AL 2, i SR Ak 3 RBCROR . it iR
FSLI A5 1) PCO BESANHABAL 223G HLAR MR, SR T 1IR3 177 3,
M A TS Hh e R A AR AR 30 A AT 306 o 5 A4, ARSI ] 1 Lo(37)
RIERR, Fontift 9 iilds, HEZENANHNER, SRR =KT.
BATHIIERZ RN 3.1 fior.

#*3.1 EXRER
Table 3.1 Orthogonal table

FE TR AR ] LR T BRI [H] PRGN [H]
(min) (r/min) (min) (hr)
A 5 20 1 12
B 5 25 2 24
C 5 30 3 36
D 10 20 2 36
E 10 25 3 12
F 10 30 1 24
G 15 20 3 24
H 15 25 1 36
I 15 30 2 12

% 3.0 T, TEACSCH A JULRE th, RIIUR KRR AT B 5 4 1
SR GR, A HRI T EEAT 336 81 Kikle. TEACIRI IR LA 2
BIHRI M0, LRI RARIEIR, & T IS 00 T R



3.1.2 BB TEZLME

&Y 309 ABS BEF (BB A FESARA R, 1A 73 A A5 & 5
HON 5.0 we% MBI IRIRE: (P2l BIgRTHRL T AR AR AT, 4.0 wt.%IH
EBS 1 0.4 wt.% 85 B Juia g FIABAER . Il 10.0 wt.%AR S 1)
PCO Mzl SA ki) PCO, KA ERNE G B A~ I HEEAR D N7
BRI 5 v PCO PANER 4343 HEAT il 25 AN, AR FT L 26X M RR 11
SO 75 2 il 5 SO 15 OO0 P AR [R) i AR Ak o

¥ RXP-250A BUXUE T3 ML (LR R TRRA A R A7) 1 TAE X IR
I 170°C IR 301, TR THEE A 8 t/min, RHR G EF I RN TAE X
BEAT TR . 4847 1 min J5, ABS JTAARRL, FURTERC. A% THHE 2 15 t/min
TR S 35, 2 )5 IE IR IEACIRIG F X A~T ZELRE i LUKE I 2 398 i TR 7 P[]
I JE T T 15 o/min BRI 5 08 )E, e RURIE R

IR AR S BN JE B2 2 mm A 4 mm PRSP AR B Ak
Bl CRZET EETEIENUR) 227 I LARRE 2 220°C, fRABI TARRES, #
JEEERN 2 mm PIREEE T R b T RGHEHT AR R, MRS EAE ST
BRAT A~T AR (50 AE S B I 1] o 56 M8 J BUH R it A L, ¥ 0 2 s RS It
A B hr i A~1 41 PCO/ABS & WP BHE SR o FEAH R 264 N R E N 4 mm
PO R i PR R, 7R DB 5 45 21025 il P AR AR o AR AR 1E A S ks
A~T ZH PR ) J5 B RO R S AROPE 76 24°C 35308 18 L AH R )

AR R AEIRIE 7)) (GB1040-92) HFFHLE R 1T BURE R,
X A~ HEL A PCO/ABS & FE MM BEATE BT, PAFRAHMREE G . 2tk
dnFRIAREE L TR RSEAT #2058 FE AN R B 23 ) 25 mm, 6 mm A1 2 mm. WE CSS-
1102C A7 5 REEGHL WU TV RIS WU T A7) BN 5
mm/min, AR G N A R TR RAGRE R B S TR R e
FRYE CHRLES ih 1 BB IR 56 57 ) (GB/T9341-2008 ) FRc 25 1 47 RE R~ 3 87 A~T
175 M PCO/ABS E & RERRM, SRS 56 BEAEE 735509 80 mm. 10 mm
A4 mm B9 RS . e T REIRIS LN BGE N 2 mm/min,  JNECE FAT



FFUR AL AL (¥ 356 DT o 20 4 o S it 28 a8l gy A K Ak BT XS 2 (R ot B8k 25
s . I XH-3 B AR IR T R IE A B LR A2 ) A%
FESBERE o K B A IR AT RIS LR i A AR 4G SR B B e it AT 0 B, S5 Rk 3.2
Fi7s .

F32 EXAWER

Table 3.2 Orthogonal test results

R hrAH SR TR BREKE W
(MPa) (MPa) (%) (HV)

A(SA i) 53.1 65.6 14.8 170.4
ACK BE) 44.2 63.3 12.2 167.2
B(SA 1) 53.5 64.4 15.7 172.2
BOREE) 46.5 60.2 13.4 172.3
C(SA Ht) 52.7 62.9 16.6 159.3
CORELTE) 41.0 58.7 12.5 158.7
D(SA B 1) 54.5 63.6 16.0 164.4
DA e ) 423 59.9 14.3 160.3
E(SA i) 54.1 64.8 14.7 166.8
ECREE) 43.3 62.2 13.5 165.0
F(SA i) 55.7 66.2 16.2 169.2
FOR BUE) 45.8 65.9 15.9 162.2
G(SA titE) 50.3 66.0 12.3 159.8
G B ) 41.2 64.7 12.1 150.2
H(SA 1) 55.2 64.8 15.9 167.2
HOREE) 46.5 62.1 14.6 163.4
I(SA Ti 1) 53.9 65.9 16.4 160.3
|(R 1) 47.7 60.1 13.7 158.5

2 3.3 0 WL, S IERRIGALRE T, I SA Bt PCO HIE &4 BHEE )
AR . A 5 AR 2 TR R e PCO IR S APRIFE . I U



)G K PCO 5 ABS 25 &8s, TRREHFTIETt. XL A~T 41 SA BetE AR oA
vin PR o R B R8T 568 B, T LS U B s I (92 F 4, BIDZEVRIGRIN (8] 10
min. TN 30 v/min. SAE T4 1 min, FRIRET A 24 hr 1 T2 %4 T
% 1) PCO/ABS EAMEFET . MRYE IE IR 45 Rk H % T 2% 4F, JH1E
NI EEE G IRHR & SER ) T2 %A

TEAZ SR (1 573 — A H IAE T35 Bh 2 b st e ik 45 R JLI R 32 M 2 0 &R
W2 o3 Mk H b BRI 2 SR ik e —, Tz N Tl iR EZ BN, K
JETLRAE R k. A E AR T RS R R ERHE &R R S5
PR IR 6 & s

R =max(K1, Ky, -+, Km) —min (K1, K2, Kjn) ceveeeeennene (4.1)

A, Ko AE § HIE R BTN BRI Fa b 2 A, K AT

Ry NEE AR R 7, JORBBEE SR § SR 3 K2, B fabnb 2
OB IMRAE o IZAERRR, RIS FR B X . R 22 /K AR A BRI 2, A i
8% G AR R 3R 1) 2 RO R T LA I i R R T HOTAS RE IR/ SR

ARSEBEEL SA BPE PCO 783K ABS B A MR Ao 5 FEE A1 25 it 58 2 43 Tl 1
NIk N A T RUTE =Y AN 22 R & @ VIR o W NS O X e S A WS L 8
AR 58 DU T T2 26 At 0 S A ARMEE RE s M 1) E IR OR R B E Rnk 3.3 5K 3.4
PR o
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Table 3.3 Range analysis table of tensile strength

M BN BTRE RENE RENE HHEE(MPa)
A 1(5min) 1(20r/min) 1(1min) 1(12hr) 53.1
B 1 2(25r/min) 2(2min) 2(24hr) 53.5
C 1 3(30r/min) 3(3min) 3(36hr) 52.7
D  2(10min) 1 2 3 54.5
E 2 2 3 1 54.1
F 2 3 1 2 55.7
G 3(15min) 1 3 2 50.3
H 3 2 1 3 55.2

| 3 3 2 1 53.9

K, 159.3 157.9 164.0 161.1
K, 164.3 162.8 161.9 159.5
K; 159.4 162.3 157.1 162.4
K, 53.1 52.6 54.7 53.7
K, 54.8 54.3 54.0 53.2
K3 53.1 54.1 52.4 54.1
R 1.7 1.7 2.3 0.9

2 3.3 /70, DOANEIERBE R AE B REVINEES A BRI T8], YRVRES R, 37
AR ). P AU (R R EEOK, N 2.3, RUNZE R AR
PCO/ABS & A& MR om B 1 R B IR & .



Table 3.4 Range analysis table of flexural strength
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M BENE BT RENE RENE  EHEE(MPa)
A 1(5min) 1(20r/min) 1(1min) 1(12hr) 65.6
B 1 2(25r/min) 2(2min) 2(24hr) 64.4
C 1 3(30r/min) 3(3min) 3(36hr) 62.9
D  2(10min) 1 2 3 63.6
E 2 2 3 1 64.8
F 2 3 1 2 66.2
G 3(15min) 1 3 2 66.0
H 3 2 1 3 64.8

| 3 3 2 1 65.9

K, 192.9 195.2 196.6 196.3
K, 194.6 194.0 193.9 196.6
K; 196.7 195.0 193.7 191.3
K, 64.3 65.1 65.5 65.4
K, 64.9 64.7 64.6 65.5
K; 65.6 65.0 64.6 63.8
R 1.3 0.4 0.9 1.7

M3 3.4 AT, DUARIEREE R AE HR BV NS O ORAR I (8], TR ], By
I TR) AN 5 . FL R GRIEIN R) I R (B8R, O 1.7, R PCO/PP H 454
B i 98 52 0 PR R i K

3.2 I RIKIR/ABS B &M R & 5IR

R FEAS R TR e e PCO IE M X PCO/IABS & &M B 14 BE ¥ 52
Wi, AEMEASE 3.1.2 AR, ¥ SEREL ABS £1RE 30g, [t 4 SR E A
AT . HEAZE SA. EBS. KH-550 Al KH-560 251 (1) DU R etk PCO 4% DU 53 Fl ok
SR PCO, 1218 ABS BERLH &> AIHA BT E 2 HON 2.5 wt.%. 5.0 wt.%-



10.0 wt.%- 15.0 wt.%H1 20.0 wt. %[\ et 5 R et PCO, ¥ 5 RNR&35) .
RN PCO,  Hopt Bl 73 A1 5T 8 AR 25 1) JEORHR & 0 At 4.

MRHEAR L 3.1.2 AR 2otk PCO FRIHAE A AP RHI & 561, TEIN#TAEIX &
170°C B JERHBON o FFTIR e, 4% A T8 AE 15 /min TR Smin, #F
FEHAE 30 r/min FYEMR 10min, % THEAE 15 r/min FEHR Smin B 56 RS
EARHR RIS T2 A TR 5 PORE 23 ON JE 2R 2 mm A 4 mm PIAFELE
FEPBRERACHL EAUE Y | min JGHEUHBRL, AR EIR)S R 24 hr K15
PCO/ABS S AMEBIFE A o K5 BOM 4% 6 B bR e M8 B8, SRAFhrfi b5 25
M 52 A PR i

I 75 e B LA 2k DR FSE THI 58 FF AR e L 25 il s e L BT K e
AEEE , Fx5 143 ) PCO/ABS &4 BHEE f A I ZH #E4T XRD AT FT-IR 7347
XL G WU BB A (R S EAT SEM 230 #7 6

3.3 ISR KE/ABS B &M EHERE 54T
3.3.1 RIBSS R UB/ABS E-E& MRtk ge 44

¥ PCO/PP EAMEFE ML BB 2, FFRehINU I BE Bl it PCO
IR 2, g5 R 3.1 R B 3.1@)FTE 3.1(b) a5 st 5 A et
PCO 7RI ABS & PBHFE S Bz o B2 A0S i 98 2 B 78 3 PCO o2 7 B ek
fRrhZe. WEIr, AR S R o R AT S it e R 38 B AR IR A O R A B I K
SIS KGNS . £E PCO HIMELE] 20.0 wt.%H, PCO/ABS i [
iR T O TR RMR T AR, B ARIERT (7K o 2R S B i e 0
L 20.0 wt.%H R, FH UK RN IR ALKCE DUR R3S . R B PCO 1N
FRIHAYIIN, BN SRR, AR 2 I ST 2 3 BOU U BE R SRR [
I P 3. 1(a) ] 0, & LR i (R e s B 3 PE SN 5 10.0 wt. Y%l ks 3 i i 1
28 SA. EBS. KH-550 1 KH-560 HIJIiA 737l 9 55.0 MPa. 49.6 MPa. 56.1 MPa
M 47.2 MPa, AN 10.0 wt.% KH-550 2P PCO 7e3i ABS B & H1 KL
PARGRE f . B 3.1(b)H, SAL KH-560 piitk LR A Btk & AP0 REE L 2 il



SR JEAE PCO NN 5.0 wt. %I B =i, 737309 67.9 MPa. 66.7 MPa Al 67.4 MPa.

EBS 1 KH-550 21t & &4 BHEE G2 Hi 52 B2 AE PCO SHINEN 10.0 wt. %I &
=, %09 69.3 MPa, Him T HARE G EHE S . B PCO RIAE G M HLAH
SR 52 R AR B K 2 T RS PCO IAE AR, RIALT SR
PCO Ref% B Ul §U7E ABS Bth b 52 2454 . B 3.1(0)FE 3.1(d) 70 A Bl
v PRI e K 20 VRG50S A7) 2 2 A0 A it 2, T DL B 7 SR o 20 )
BEOR, % LURE il BB S A Gl T 5 S T B, R 2 U - . BB PCO
TESE NS AR REDE Rtk ABS ME M. 3+ B BT PCO A& Rl A N EM
THUREY), HNAEEEPRHRE AN PEAN WIS, Xl 3.1 B Aoy # AL
XL AT R, A KH-550 5Pt PCO, 7u3H 10.0 wt.%, A PRI {50 5
FIES 5 B Ak B i, L T 344t PCO/ABS B AMEREM . MUIERISE BN
8 FH KH-550 fE 9B, Bt PCO HIINE N 10.0 wt.%. BEiEHL N R &k
(7 e ik B 0 25 i 9 P 43 A 56.1 MPa 1 69.3 MPa, #HLEL TR0 PCO I
U, PSRN 26.9 % R E 6.6 % BEEHRE S 14.1 %. @I E
3.1 gl ZkiRZE M, AT PCO 7 S AR L R REZH, & HUb T RE
(T ES UL S BT R B, 22 I S o R B 18 S A A R B ML M B AR A5 B R
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