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% (CHsCOOH). Jo/K&EE (CH;CH,OHD: 73#rd, EZAHEBMN A AIARAR: KE (CeHeO)\
1,1,2,2-PUE &%t (CoHoCla): ATk, iRl H T AR I A IR A F] .

1 L A& EWI N SRR R R BAER AT ; BE UKL Pelletizer (Boom):
LQ-25 8!, VL F RN A AR AR SCIHMANESENL: WZS10G Y, i ik 2 HLikA PR
ANT AR LT A (FT-IR): Nicolet IS10 %Y, FEER KA /RBHL AT B T B 15
(SEM): Nova Nano SEM 450 B!, SE[ FEI A w]; @& #7285 (TEM): JEM2010 B, HA
BT HERAR,: EEOA X L (EDX): EDSX-Max A, JE[E Oxford A#]; #E ML
(TGA): Q50%, E[E TA Adl; ZEaHMENL (DSC): Pyris 1 8, [ Perkin Elmer 2 #;
By ReA BHASR HL: WDT-5 8L, IRYITTILEHRA R A =] phifiilHl: JB-500B 2, 474 dF}
RS ARAF: EEBEFIREHL: UMT3 A, 5o et bR ARG R A .

1.2 SEHERE

1.2.1 PTW MR 0T PTW BEAT R I ER Pl AL 2 . FREL— 2 il 2 KR #F R AR, A 1 mol/L 1
HCI ZF%# (PTW 5 HCl LA R LA 1:10), 1E/KIB 70 °C R & E R/ HE 2h, &5 H
730 min, fMIEDEGE, TE 80 CCHIMEAR T4, IR UMEERIRST (MPTW), FELRT#FHIRAERFFH o
1.2.2 PBT/MPTW & &M EHW BRI %5 R M2 BHERR LT % PBT/MPTW &KL, B350 ¢
] PTA #1210 g /1 BDO LA KA [E & 50 501 MPTW (0, 1%, 2%, 4%F18%), JMA 0.5¢gTBT,
BB RL BOK . BNRPLE; I maAi s BT B RPN SR 3~4 K5, RPN KT
HEMEST (- 60kPa), FHFmENIEESE 240~245 CCHATHEGLI B, RIEFERIL . 2~3 h, DLH
KERAIBEEE: fFIRIGE, BRBMZANEBRMEERT (-99 kPa), HEFHRE 245~247 °C,
45 % 45 min, FIHRE 247~249 °C, 4% 3~4 h, f£ 25 Hz FHINLIIELR] 45 W EAN, RN
25133 PBT/MPTW E &M K GAfE PBT-X, Hrb X A& FRH MPTW [l & 7050 £ 5K ERA 20
gE e VIR, BEIRERY A .

1.3 PR 5R1E

1.3.1 B AL AMGIE 8. KA FT-IR 704t 7 PBT/MPTW E &M BRI MPTW (1445 45
Fy, R E KIS EA 500~4000 cm's HA PBT/MPTW E &M EHRH £ R (ATR), T
MPTW IR H KBr it B0k . PBT/MPTW & &4 8L {1428 MPTW (MPTW-g-PBT) &
MR/ VI Ok UREL 11D BAEBKRE B O PBT/MPTW E&5ME, HEIRGE AR A,
FIF FT-IR 4L .

1.3.2 H B T B8 0. 1832 SEM X PBT/MPTW & & RE A i I i AT SO R S R 4. K
PBT/MPTW & & MR ENEW I, REWEE (3~5nm B, 7E5kV FUERHLRMEI.

1.3.3 B SR BEHT: R TEM X MPTW-g-PBT #4178 55 . ¥ M MPTW-g-PBT ] 243 B
VO B AR R R TR, AR RES TS, FIF TEM MRS, A EDX 2 R E c =14
i

1.3.4 #E N KA TG % PBT fil PBT/MPTW E &M EHAIMA E M. ERSIIE N 40~50
mL/min %, LA 10 °C/min () FHERIE 2 800 °C, H 44T BIRE M #4J E AU

1.3.5 45 EBE 4. K DSC %041 PBT Al PBT/MPTW 7E & /S N TFREE 2k, sE 0L
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10 °C/min P ZEFHE A 250 °C, fREF S min, HEEATIE, FLL 10 °C/min FIE SR % 25 °C,
FFHEZE 250 °C (10 °C/min)o it3% % B A HGR #h 28 o
1.3.6 /7 PERRMNR: K 7 Re L 7R A HLEAT R AR I, AR¥E EAR GB/T 1040.2-2022 ¥k} Fifi
PEBEIE ) BOARERIAEATLL 5 mm/min B9F74H5E 2 HEAT IR o

R FH B R O b iR B A LEAT A BB DT P eh o i8S, RS EAR GB/T 1843-2008 (¥BkL &E
ok 5 F5E R 5 ) R A b R R A
1.3.7 PEZEEHUIEREMGA: R A BB BRI WL AT BE 40050 . PR IE T %, KA 30 mm.
JERE 4 mm. RN, LUAEIZES) 30 min, AT S0N, HiFK 30 Hz, BEEATFE 10 mm.

2 ER5®
2.1 PTW Btk
TSR PTW 5 PBT SR MIPEA 77, XF PTW AT RIMBRPLALEE . W1 Fig.1 Fow, 20 BT Ri A&
FRih MPTW, #EEZM MPTW FIE R MPTW. W7 & B R ) MPTW (Fig.1(b)), HR
AR, T HAEE IS R, A GBI HEERME MPTW(Fig.1(c)), HIFZ4, HAH
4y MPTW B f, B W RMIRT . @i Zeta ALRAER I, JE4E PTW RIH 2 IEHE, Z2RM)E,
Zeta AT H IE AR B A7 PR, IE SERR T O PE AT (Fig. 1(d)) o

Corrosion Time (h)

Fig. 1 SEM images and zeta potential change of MPTW: (a) PTW; (b) MPTW after 2 h acid-etching; (c) MPTW after
12 h acid-etching; (d) zeta potential as a function of etching time
2.2 PBT/MPTW B & MBI R AR A

¥ EIRRR T 2 h 1) MPTW 51N AERER DU T B A AL 028 — IR A 1,4-T BN BHY PBT
REHRAT, R MPTW IR INE, EMFIN L2404 Nl PBT/MPTW 844k, LKL
MPTW [ INREE NP PBT HIBS AL SN 8] s 78 PBT A it RE I BRAL B BE, R4 50 2% 1\ MPTW
BT B () e o ARS8 — B AL T HOR, 47 SRR (R A AT, EBE MPTW X0 4 SR B A K .
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ML 7 PBT/MPTW E A MR RS, $°8(0.96+0.01) dL/g.

Wi Fig.2 frow, @It FT-IR RS T R G MRS Rk, UESE 7 H A PBT 5 MIAFA/E, 12962
em! Kb R -CH-AS X FRA G5 3R SR US4 AT 1472 cme! Kb F-CHL-25 # 4R BRI, 17 1717 em ! AR
C=0 M4 RN IERT 973 cm! [1)-COO-TH N A TE MR IS i . [RIRF, PBT 4385 L1805 & B 4544 e
1614 cm™, 1579 cm’', 1506 cm™ Al 1454 cm! 2R IF-C=C-Z5 Hh#R 2 W Y b, 873 em! (1)K 3F-CH-
THI N RS IR 727 eme! () 2K3E B -CH- AN TR OEIESE . IR H., £ 706 cm™ #1961 cm! 4b 7] LAY
B RN (KR AE W i, {IESE T PBT/MPTW & & 44 Rt MPTW [IFE7E .
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Fig. 2 FT-IR spectra of (a) PBT-0, (b) PBT-4, (c) PTW, (d) MPTW and (¢) MPTW-g-PBT
2.3 PBT/MPTW B &R 5 b

il Fig.3 Fizn, FIH SEM W% 7 PBT/MPTW & A MEHERENEW T . K& MPTW ] PBT-
0 Wit ais-F, X2 TEZI IR, BEMAMTARIOFREY K, EAEHEE AR,
MR I MEPE T 2 (Fig.3(a)). W1 Fig.3(b~d)fi7n, I MPTW J&, BT Wi pop R fE 2 B 2 4
s BT REAE . AR, EECRULERIRMEIME R R, UESE T MPTW I INA #F PBT #)1
T, X T TR AR = A S8R S, 51K MPW A B g B A4 e i, IROIBOR &
AL, PEAIROE B, [N, WEE] MPTW REWSTE PBT LR 451 /08, F B TEHLIE R &
TH] SR AT B (1) 43 1 FEAR ik HAE TG W EAR TR IR 0 B 00T, {H2, MPTW il & 4> #UA 3 %I, PBT
P Hb W52 2035 45 R B4 (Fig.3(d)) -

NTWFRIEAREXT MPTW [0 B H 5 PBT JEARMIA AR, DURE 2% 8% MPTW,
ARG % T PBT-8. FIH m %% SEM & v X EE g2 1Rl PBT-8 AlJEAI KA PBT-8
(VR NG WT TR (Fig. 3(e) M Fig.3(f)). W0 K BLIE Al LLIE PBT-8 [ i b 3 11 0 2 PTW B4 1) JRIZE s
MRS PBT-8 ) L-FEAE MPTW KIflid, JFH MPTW Ml PBT H:Ak 2 [A] 1) SRR . 7] RE
T PBT 2> T4ETE MPTW KA 348, 42 MPTW-g-PBT, M2 MPTW 5 PBT JE4A ) AH
20, 2 MPTW 12080, AL AL A B2 7R PBT/ M A S A 3R A 7k & A i 1,
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Fig. 3 SEM images of (a) PBT-0, (b) PBT-1, (c¢) PBT-4, (d) PBT-8, (e¢) melt blending of PBT-8 and (f) in-situ
polymerization of PBT-8
2.4 MPTW JRALE:EL PBT HIBE 5T

NT PR MPTW R L= H L], 4% PBT/MPTW &M K KB/ & L6t
2 LD REBRREE LR, HEREGABEEEEH K MPTW-g-PBT. i#id FT-IR JGil xS bt
MPTW-g-PBT #l MPTW, K3 MPTW-g-PBT 7E 1717 cm™ 4 J& T J 5 -C=0- M A R 5h %, 7E 1272
cm & T C-O-C B R IRBNR g, B UbHIE #IW MPTW 5 PBT KA T3k B, H ik
EE R (Fig.2)s

NT HEIFEIMEE PBT 5 MPTW FIE:R:, FIF TEM M SERRRAT R IH ME I, 45 R Fig.4 At
o WFFLRKIL MPTW-g-PBT (1 i A% 8 H 2 AR S 2 . 183 EDX 20k f 3 2 e R4 %
RUHEZHFEES CAO LR, WIESE T PBT 70 78 LAk 228 (0 S0 B 8 MPTW [ 2 18 .

250 nm 250 nm

250 nm
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Fig. 4 TEM images of (a) MPTW-g-PBT, (b) magnified MPTW-g-PBT, and (c) the corresponding EDX analysis
2.5 PBT/MPTW H &M KK #ts & MR 7L
PBT-0 FlJE AL A () PBT/MPTW & &8 B TGA 4l Fig.5 Fisc. M TG EAI DTG FH Al LA
o FTEREM A R &R L. AR EZ S NFP: 1E 400 °CRLIAF] T DTG 2R iy IsfE,
K&l PBT SEHBR F4E 2R A, T BT R B 1) 4 85 T E 420~600 °C, 2V HIE (1)
. [FIRE, FRARFIEYS MPTW 78 PBT/MPTW & & MBI INEAMIT, #A W PBT K&
.
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Fig. 5 (a) TGA and (b) DTG curves of PBT/MPTW composites
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Fig. 6 DSC curves of PBT/MPTW composites: (a) the 1st cooling curves; (b) degree of crystallinity as a function of
MPTW content; (c) relative crystallinity as a function of crystallization period; (d) the 2nd heating curves

FIH DSC #F 5L 7 A A MPTW H &5 PBT/MPTW & &M RHAT N BT (Fig.6). HH iR #h 2k
ALK ILBESE MPTW ¥ & 1R 1 22 (615 45 5% I B 6 P2 =1 (Fig.6(a)),  {HL A2 FLAH X 25 i B2 A Ll 4l

=
iz
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PBT JLF- A (Fig.6(b)), FRHI MPTW X PBT 45 5 I LM . Wl Fig.6(c)fzn, 40#71 T 4 PBT
1 PBT/MPTW H &M B 45 & B X Bl 25 s [a] )28 (b A . 546 PBT AHLL, RIS IS
MPTW i3 PBT UAHXS 45 I A B 4G, RIS fd &40 2e, JFH, HE D #usid 8%, PBT 4
IR E) X HE— B 1K, AT RE R JE AL A ) MPTW-g-PBT [HA5 T PBT 4> F4E M E i#sh, MimidE—
SEFRIE LIRSR T 45 i R 1213,

[FIf, BEFT 74 PBT A1 PBT/MPTW &M R Z R FHE IS FE (Fig.6(d)), &A1) 44
W R BN RN E I, X FERH TS MEREMIS TRRK, 4 aEREA—5 0415,
2.7 PBT/MPTW E-&HR 1 1 % REPPAY

PBT/MPTW S &M K I35 Y REWE AL 45 R W0 Fig.7 Fion. B MPTW ¥R = 13,
PBT/MPTW &AM R HLA P A 5 I H R 38 KAERUN % . 4 MPTW JRE S HCH 4%B, ATt
PBT-4 PSR H U, AHE T 40 PBT #8171 f5. [FFE, PBT/MPTW & & MR B 5 B th
B MPTW ¥4 0 & 138 I 2 B 38 KAE RN, 4%0) MPTW & 70 e £, 17 PBT-4 &k [ pf
TR N 9.91 kI/m? (4 PBT 58 1) 3 5 /£ 47) . XAl g il T JE A7 42 i MPTW-g-PBT 2 1] 1 55
TER, BETESZENA IR S R F, WIRICE 2 e, JF HEDNE e E IR %, &
W KMEEEA A PBT BEIR0UC, {HE, PBT-8 [FLAH 30 AlGk O ph i SR 0K AT R %, Wl fEd T
MPTW 7£ PBT FE 44 rb ()58 73 [41 5%

12
(a)80 | Tensile Strength las (b)
70 Breaking Elongation 'i” -
10
= F O
. + i ’
% i L {2 E 2 sf
=50 2 A ® 2
y 1208 B
g 40|z S E°r
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20 e
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Fig. 7 Mechanical performances of PBT/MPTW composites: (a) tensile strength and breaking elongation; (b) impact

strength

2.8 PBT/MPTW & &+ 6H¥ R B4 1 BE B 2

ReWELSEMEE TR, HEH RS — BT HAR S S8R 2 W K.
Fig.8(a)in, MPTW [N R &ML T PBT/MPTW E &M EHKEESE 258, JFH., BB ERE
ZHBEAE MPTW AN &= 3G InTiis/ s, B2 75E08 8%, PBT-8 I A R4 th PBT-0 117 0.44
2 0.27. XATREHT T MPTW REW67E PBT BEH R AR ME B 2L MEH, e 7 E et el ngi g, it
RN TR PR R R A, e AE BE e 78 rh /b PR IR 1) i — 2B R g 071, FIA SEM HE
ML T 4 PBT & PBT/MPTW E &M EHYE R R IES . W Fig.8(b)Fiw, 4l PBT [ B4 2 1 H 3
S AR TR IR ) IR, 31X H T BE 4 S T 2 (] (1) BE A AT 51 R ) 08200, 48 n MPTW Ji5,
W PBT-4 E&ME, HRMRRKEZ, FEEMBE N, UEH MPTW G4 7E PBT H & Hi B4 1)
TEH (Fig.8(c)). JFH, 2 MPTW iiE7r HUE N E] 8%, HRREEK, #F4em/d, R IveiE-T
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B, ESE T REE MPTW AN RGN, EE MR IR #5168 11180 1658 (Fig.8(d)).
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Fig. 8 Tribological study of PBT/MPTW composites and the corresponding SEM images of the wear surface: (a)
relationship between friction coefficient and time; SEM images of the wear surface for the samples of (b) PBT-0, (c)

PBT-4 and (d) PBT-8

3 &

ASCF F R R B 2 (MPTW) R A7 34 5% PBT, 4878 MPTW 5 PBT &4 FI/E A ALE, #F
7i PBT/MPTW E&MEIAAE M. 45T . J15rEae i B ERe s m i, 192100 F 4518

(1) MPTW kR & &N sl fE, 7F H MPTW R PBT 4 1 5 LI JE AL 158 .

(2) R MPTW 23425 7 PBT/MPTW E & RHE /124 PE RS . MPTW (1) £ 7> % 4%
B, A A ARl Ao 5 B RN b o S IR B KA, ESE MPTW 1 KLU 40 BORI RLAZ 19 58 24 MPTW
=W (8%) B, HTHEENT S HIE, EEMEIZEEREE T T .

(3) AR MPTW 3% 7 PBT Ml BEEE SR PERE, &M BHIEEEE RECOCIERAL, H
RERIRA R, MBI .

IR FUIESE T AR S AU PBT SR AT G SRALE, D i i B R I S TR DR 1 T R R
Rl

S0k
[1] De vos L, Van de Voorde B, Van daele L, et al. Poly(alkylene terephthalate)s: from current developments in synthetic
strategies towards applications[J]. European Polymer Journal, 2021, 161: 110840
[2] M2z, X2, RO, PBT LA BRI AOBIE T IR S 5 P BEJE (7). BRHRHE, 2023, 51(2): 109-113.
BuHA, Liu S J, Wu W Y. Research status and application progress of Modified PBT engineering plastics[J]. Plastics
Science and Technology, 2023, 51(2): 109-113.



BAFHENEE5TIE
POLYMER MATERIALS SCIENCE & ENGINEERING

[3] R}, BRitE, BIOEA, & A RS R R R]. & T RS T, 2020, 36(8):165-172.

Li Z K, Chen S J, Ma Y J, et al. Advances in self-lubricating polymer composites[J]. Polymer Materials Science &
Engineering, 2020, 36(8): 165-172.

[4] Mu B, Jiang Z, Yang B, et al. Tribological and mechanical properties of PBT composites with microcapsules and
potassium titanate whiskers[J]. Polymer Engineering & Science, 2019, 59: 490-499.

[5] Chen Z, Li T, Yang Y, et al. Mechanical and tribological properties of PA/PPS blends[J]. Wear, 2004, 257: 696-707.

[6] Georgescu C, Deleanu L, Chiper titire L, et al. Tribology of polymer blends PBT+ PTFE[J]. Materials, 2021, 14:
997.

[7] Phetwarotai W, Zawong M, Phusunti N, et al. Toughening and thermal characteristics of plasticized polylactide and
poly (butylene adipate-co-terephthalate) blend films: influence of compatibilization[J]. International Journal of
Biological Macromolecules, 2021, 183: 346-357.

[8] Bai H, Zhang Y, Zhang Y, et al. Toughening modification of PBT/PC blends by PTW[J]. Polymer Testing, 2005, 24:
235-240.

[9] FEX0m, AU PH, Ve, &5, JEBRIR AR/ RA K W IR T B8 R AR E SR i 26 A b i PR B SR TH . Wi T4
RURLY: 5 TR, 2023, 39(7): 123-130.

Cheng H Q, Xiang Y, Pan Y, et al. Preparation and improvement of impact performance of
polycarbonate/polybutylene terephthalate alternating layered composite materials[J]. Polymer Materials Science &
Engineering, 2023, 39(7): 123-130.

[10] ¥/ 70, WA=, THITE, 4. PBT/JEAL R & Bk MM H G 240K 525 04 BH Tl g ) 5ok 58k (0. 7 20 T4 bR

5T, 2009, 25(4): 151-154
Pan B L, Tan Y Y, Ning L P, et al. Microstructure and viscoelasticity of PBT/in-situ polymerization modified AT
nanocomposites[J]. Polymer Materials Science & Engineering, 2009, 25(4): 151-154.

[11] Yuan X, Li C, Guan G, et al. Synthesis and characterization of poly(ethylene terephthalate)/attapulgite
nanocomposites[J]. Journal of Applied Polymer Science, 2007, 103: 1279-1286.

[12] S5 5, J¥%, XMRL, 5. AT IR T iy fis/ 5 VY UMK i ok H BOL SRV & sONPERE[)]. 2> T 44 RHREY
5178, 2013, 29(8): 5-8.

Huang Y, Zhou T, Liu J H, et al. Synthesis and properties of micro-crosslinked polybutylene
terephthalate/polytetrahydrofuran copolymer[J]. Polymer Materials Science & Engineering, 2013, 29(8): 5-8.

[13] Tehran A C, Shelesh-Nezhad K, Barazandeh F J. Mechanical and thermal properties of TPU-toughened PBT/CNT
nanocomposites[J]. Journal of Thermoplastic Composite Materials, 2019, 32: 815-830.

[14] Mohd Ishak Z, Shang P, Karger-Kocsis J. A modulated DSC study on the in situ polymerization of cyclic butylene
terephthalate oligomers[J]. Journal of Thermal Analysis and Calorimetry, 2006, 84: 637-641.

[15] Yasuniwa M, Tsubakihara S, Ohoshita K, et al. X-ray studies on the double melting behavior of poly (butylene
terephthalate)[J]. Journal of Polymer Science Part B: Polymer Physics, 2001, 39: 2005-2015.

[16] Rahimzadeh S, Tehran A C, Shelesh-Nezhad K. Study on morphology, mechanical, thermal and viscoelastic

properties of PBT/ABS/CNT nanocomposites[J]. Plastics, Rubber and Composites, 2023, 52: 160-170.



BAFHENEE5TIE
POLYMER MATERIALS SCIENCE & ENGINEERING

[17] Chaudri A M, Suvanto M, Pakkanen T T. Non-lubricated friction of polybutylene terephthalate (PBT) sliding against
polyoxymethylene (POM)[J]. Wear, 2015, 342: 189-197.
[18] M LR, /N, Bllg, . /) U A% MWCNTs/PBT/HDPE $4 IR 4 BE 45 B 452 M Gk 10 B2 i1 (0], S8 5 %5 44, 2022,
47(4): 102-109.
Xiao H X, Yu X F, Lu Y, et al. The Influence of dispersed phase morphology on the friction and wear performance
of MWCNTs/PBT/HDPE blends[J]. Lubrication Engineering, 2022, 47: 102-109.
[19] Carrion-Vilches F J, Gonzalez-Vivas A, Martinez-Mateo I J, et al. Study of the abrasion resistance under scratching
of polybutylenetereftalate—glass fiber composites[J]. Tribology International, 2015, 92: 365-378.
[20] $A%F 8, B, /7 RIE, 55, Sl SBA-15 X AEAIRES W IR & L2 S EHERERI 2 (1], =0 TAP BB 2 5 TR,
2014, 30(10): 159-163.
Hu SL, LiJ, Lu F Y, et al. Influence of mesoporous SBA-15 on the properties of unsaturated polyester resin and its

composites[J]. Polymer Materials Science & Engineering, 2014, 30(10): 159-163.

Preparation of Poly(butylene terephthalate)-Based Composites with High Strength
and Anti-Friction
Jialei Qi, Chao Yao, Shixiang Zuo, Ruiqi Shen, Yifeng Ye, Haoguan Gui
(Advanced Catalysis and Green Manufacturing Collaborative Innovation Center, School of

Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

ABSTRACT: A series of poly(butylene terephthalate) (PBT) based composites with modified potassium
titanate whiskers (MPTW) were prepared through in-situ polymerization. The surface properties and
loading amount of MPTW were studied about their effects on the polymerization characteristics,
microstructure, thermal stability, crystallization behavior, mechanical properties, friction-reduction, and
wear-resistance of the PBT-based composites. The results show that the MPTW is in-situ chemical
grafted with PBT, resulting in good dispersion and blurry phase interface. The in-situ grafted MPTW
shows little effect on the thermal stability of PBT, but affects its semi-crystalline time. When the MPTW
loading amount is 4%, mechanical properties of the composite reaches optimum, with a doubling of
tensile strength and a tripling of impact strength compared to pure PBT. Additionally, the friction-
reduction and wear-resistance of PBT are significantly improved with the addition of MPTW. Overall,
the high-strength and wear-resistant PBT composites show potential application in the field of structural
engineering plastic and mechanical transmission parts.

Keywords: potassium titanate; polybutylene terephthalate; crystallization behaviors; mechanical

properties; fictional properties



