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Effect of Masterbatch on Laser Absorption and Laser Marking of Glass Fiber Reinforced PBT
Wu Qingqing , Wang Hujie, Kang Yangtao
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Abstract : Glass fiber reinforced polybutylene terephthalate (PBT) was mixed with 0.5%, 1.0%, 1.5% blue masterbatch and
black masterbatch particles respectively, and then fused and injected into sheets of 2 mm thickness by molding machine. The reflec-
tivity and absorbance of PBT with different colors and contents of masterbatch were measured by spectrophotometer. The effect of
masterbatch on the melting and decomposition behavior of PBT was studied by differential scanning calorimeter (DSC). The laser-
marking machine was used to laser the PBT sheets with different masterbatch, and the scanning electron microscope was used to
analyze the microscopic morphology of the sheet surface after laser marking. The results show that the addition of a small amount of
color masterbatch will greatly change the optical properties of PBT, such as reflectivity and absorbance. In the range of 900-1 200
nm, the reflectivity of black masterbatch’s< blue masterbatch’ s<< pure PBT’s, and the absorbance of black masterbatch’s > blue
masterbatch’s >pure PBT’s. The higher the content of color masterbatch, the higher the absorbance of PBT. The addition of master-
batch filler has no obvious effect on the thermal behavior of PBT such as melting and decomposition. The surface of pure PBT
cannot be marked by laser of 1 064 nm due to its low laser absorption. After adding color masterbatch, the laser can form ablation
marks on the surface of PBT, and the exposed inner glass fibers can be observed under the microscopic morphology. Compared to
blue masterbatch, black masterbatch is more likely to cause foaming or even ablation of PBT during laser marking and forming of
marking marks. The higher the content of masterbatch, the more serious is the ablation of PBT.

Keywords : polybutylene terephthalate ; masterbatch ; laser

BEMEE: RS 0L W LR, E2 N TR R AR

WeRs B HA: 2023-03-02

SRR G A, B . RN BT SR PBT HOGMBCRR M A TARBCR 52 M [1]. TREMELRT L2023, 51(5): 141-146.
Wu Qingqing, Wang Hujie, Kang Yangtao. Effect of masterbatch on laser absorption and laser marking of glass fiber reinforced PBT[J]. Engi-
neering Plastics Application,2023,51(5): 141-146.



142 AR

2023 4E, %5 51 4,45 5 1

FE T S AR 5T LA K HF i 5 A S 23
(TR L 11 W T e R DN e i Ol R i R e
A7 B B RON AR SH AL TGRS LA A
A R — RN FIE A bRIC . BRI 2 T
A= R — AR A IR, AEZZED BB
U EZ] BOCTTAR S AR ZAmicEoR OB hR g
TFHIREE AU Aric T B PR FRic R AME Rk
AR SR T TSRz R Y, HotkRid
14 Jir 2R 2 R FH o B i i O R GAE B AR ™ R
T R A Wy BRSSO, 58 H bR 2R 1w
J SRR AR AR A, DT Sk B AT DL R S TR
75 SIEME ERAEE B M EBe Ot R
TESR LRI, SR HOGAEAE — e 72 B A R
SR AL R HARE , MBI IS e 5 R 2 R A A
K A SAREE AL, TR ST R E S
1 B SChR T,

RN R T —fg(PBT) & —Fl i xf 28 —
R F1 T AL IO 7K 448 SR T b A T 4 i S 2R
Big, PO B9 7 22 P RE | e T RS T i 1 g
LS N T TR JRAE R E R
SEA . ALHE PBT 7E N Y R 22 450 T AR SR AR B
W LNd: YAG BOGER 9 1 064 nm 3806 i I ok A
15 T TR PO C T AT AR IC , BLBOGER
TERCRASEED S B X ] T 9 R SO bR it 3L
R, HATCA NP 2EE AT TR . RO R A
] B SO G PR %1 22 B 4300 X AR ) ) T AR SRR A 74T
b, I T TAR B T 2350, A3 T H0E
FIPRER Fa AN D)2 B Z AN BRBOC &R o TR A5
FTAFEEOC T2 S8 TAR s FE R ik ih
123 A5 ) X R I B (PA) O AT A s i o - 4
FEOF ST I T R B LR PAG T RR T2 S
B HOEARICRCR L AR IE X IR O ZE5 4 = () N
FEORIK . HZNSESE T R T it 43 250k SRR
fit fit il (PEEK) A OGS i s2 e, IR T3 A A
[Fi] i 70 K¢ S 118 PEEK GHEO'EG RE B W A 10 B i
A, AP T BOGETER T2 i TAREHL I A
IR 1 ' SR Bk PR B O AR IC SR R 52 T, FF T
T — R HOCHTARRCR I AL T vk . TS8R
SGEUFR T EOEATAR T PO TR FTHRIR L
T ATHRHLE X BRI (PP)OCT TARRICR I 5g i . 2%
TKAESFNISE T PPIOGHRICPEREPEI 8T ik L i
FH 822 R HR IS AHZE A, o] L LR M A0 3%

JeFRICHCR . MiEE%t PBT ABOGCTTAR IR B A SR,
H A E s CAECESE T PBT/ =& L —%#(Sb,0,)
B AR PR ISR LI, BF5E R, Sb,0,
M A e T PBT MO AT bRic . EHEIR T
Tl AR 7 r R o O A 3 B 27 AE RS 58 PBT , 485N
Ti) 5 K 60 1 (o B i AR PBT 438506 R 0 255
SRR BRI T R DA S TRR R R 52
1 XIES
1.1 E=ZRMA

PBT: U140-L33, BY 35 21 4 & 12 R 40%, S e
P S A BR A 5

R RF2030C, kLR &, EAAM R PBT,
I B AL T A BR AW

W hE 80041, BURHEA S i , 2 A IE PBT,
TSR T AR,
1.2 F2MEL5EE

BOCF AL : XY-30M B (O 1 064 nm,
1350 W), BHE OGN A BRA A 5

4 HL T B (SEM) : JSM-7600 F Y, H ACH,
TRt

P AT : TGA/DSC3+5 | A -
ORI Z (Hi ) A BR N A

AN DL L1505 66 B T : Lambda950 7Y
AR GEED AR AF]
1.3 XAEH &

¥ PBT 76 HL 25 EAR ) 120 °CEf T A5 T2 6
hG, S0 0.5%, 1.0%, 1.5% A @0 0 Rk KX
B HNRA 5] i R Rl 5 2
mm [ 741
1.4 MR EAE

X520 PBT R4 it — 25 ilkE , S 4066
THHEAT 900 ~ 1 200 nm ¥ Bl P4 S 525 I BE )

=)

Ho

FIFH DSC A& 234 PBT RE S AR 28 S AURH
10 °C/min f% ik 38 58 -1 2] 420 °C i 72 A9 0 il
IYFRINEATN

A BOGFTRRALLL 2 000 mm/s (1 35 A5 8
PBT i MR HEATHTHR, I TARHLI T R S5
435,25, 15 W, X415 J5 9 PBT i 4 3% 1 i 47
SEM U S AL, R Ay il o A AE A R /R 2
DL TR



R A OREXT B PBT HOGIRISCRAE K TSR 520 143

i IR e
&(3 7 win / \ l
—_ - < x%
BT RRE A A A R
2 HBREITE
2.1 REARERALZEEFWPBT 4 LFHE
6Lk B T R BB R R, — 3B Lk Sk
B G2, — o S g M RDE G 3T, i A —
BB SR AS AR A, 05 R X B4 W i — FBE N
R, RATE 2%~8% Z [a] o TR (o B X s iy Wi i
Fo B2 ANFEEE i R R 3 2F 158 PBT 76
900 ~ 1 200 nm i [ Y G4 SR8 SO B EE T2k

100
90+
B .
70%
- 60
S 500
¥ a0 PBT
fg 30+ & PBT+0.5% W ta o)
301 = PBT+1.0% i {0 {0 b}
%8* - PBT+1.5% W {00 £f
0 L L L L L |
900 950 1000 1050 1100 1150 1200

W/nm
()

—_

FLIFE %
\OO'—NWLUIO\\IOQOO

& PBT+0.5% St (t )

< PBT+1.0% A0 ]
= PBT+1.5% Mt (o b}

00 950 1000 1050 1100 1150 1200

P K/nm
(b)

10 -

9 L

g L _-PBT

7L = PBT+0.5% Wi {a oty

ol - PBT+1.0% i ()
g — PBT+1.5% 1% %
25t -5~ PBT+0.5% 2
= 40 o~ PBT+1.0% (7 (£

3L = PBT+1.5% A0 {01

e

1 E

0

900 9‘50 1600 1650 liOO liSO léOO
P /nm
(c)
a, b— R c— WO
B2 OREEEES Y PBT AR S5 56 K S i 28

i [ 2 T, 2B 27 3858 PBT 7F 900 ~ 1 200
nm PYROG IR ISCRE IR , R 43 62 2 1 S i 4t
FE900 ~ 1 100 nm i [Fl N , 2 3% £F 1458 PBT 19 S5
R T 80%, WG T 1.5, M A GG,
PBT 7£ 900 ~ 1 100 nm iz Bl P (%) S 56 38 1 B dgb A8
1k, 7E1 150 ~ 1 200 nm i [N FEMRE/N . Bl 16
o B S S A, 900 ~ 1 100 nm 35 [ 4 PBT 1) 2
SR B REAR ; Y i B B i 1.5% B, PBT
£ 1 085 nm BHT (14 SRR BEAR 22 50% DA, ROt RE
MR AR AT R 10, AR &2, InA R
EBEXT G R INR2 z KF iE fa ahE, 0.5% 2
Ao 0 RE PBT B T R E AL E 10% LT b5
e RS R N, PBT SR R REA I .
TE A A REA A, PBT % 960 ~ 1 200 nm % B3
Fil A A IR 6 B R R, B8 K10, R EIE R,
Wk BRI SR = PBT 1-
2.2 ARRARERAEEFPBT ek AT A

EIREAER, AR AR 5E PBT #4RE Xk
SRR, 3 5 PBT G- IEL i, ol T ik —
AW A (6 REXT PBT MO TBR (14 sE M L3, 5 X
AN TR B e 5 i G Gt X PBT 78 IR T A0 0 A
fift SR AT R M A TR Y . TSR Ll R
AR 5 PBT A9 Rl e i B DA K A o3 fire e iy
TRIETEILR 1o & VBT I AR & 2
o BE DL B BB (B S PBT ()45 il g 318, B8 ) it
A UL AR AN K, M Rl B 897 225 ~ 227 °C A
A O R AR TR 2 7E 368 ~ 369 °CAE AT S

1 AEAHE.SEEENPBTHNAMEESHERE

FEdh A AR °C Sy °C
4 PBT 227.27 368.65
PBT+0.5% i (o (6 - 225.79 369.44
PBT+1.5% 15 {6 (A1) 226.04 367.94
PBT+0.5% {0 o) 226.15 366.52
PBT+1.5% (i h): 226.30 369.88

&l 3 A A 5 i i 0 BB (8 B PBT ) TG A&
DSC & &l . X T AU AT Ao {8 B} ki i) PBT,
DSC M1 ZE 75 217 ~ 235 °C i Bl N FETE — A W 3l |
T PBT &4 T Al WA 7 A 4 e
WA IR T,=227.27 °C., PBT (¥ TG ik %0, HAE
368 °CLA I JF 4R 7= A B i 1) i i 412Kk , DSC #h 4 AH
N AT R R AE T B3l



ARSI 2023 4E, %5 51 4,45 5 1

144
AR 1100
190
W 80 §
5 ’70 g;;;
% . ,"‘\Léo ﬂﬂ_*
RO e 50 K
5 140
50 100 150 200 250 300 350 400
TEE/C
(a)
6
A
41
- N
) v
= |,
g 150 i
, B T P
50 100 150 200 250 300 350 400
HEE/C
(b)
(=
1100
A 4 190
80 §
- sl 170 ¥
% 2 ‘ 70 ﬁﬁ
i460
E 0 A7 =
e S et 4150
=4 . 140
50 100 150 200 250 300 350 400
TREE/C
()
6
1100
Tl
al 190
o 180
by ¥
z 2 g
gzr 60 ;\E
% 0r . 50 i
) 140
50 100 150 200 250 300 350 400
I/ C
(d)
6 -
1100
190
80 <
170 fj\{
A R
<160 =
; il
150
140
2 . . . . . .
50 100 150 200 250 300 350 400
EE/C
(e)

a—PBT;b—PBT+0.5% i (k) ;c—PBT+1.5% #i (A fah);

d—PBT+0.5% 0 (01 ;e—PBT+1.5% B (o (i)
3 [ala bk PBT #EHY TG K DSC £k

2.3 RREARERAEEHFPBT 69 L IT4R20R

RS F I, AN A ) R L R
PBT MO S RN IS RE 7 52 ma 8, T /b i 68,
BERYHB AN PBT BYFEEAT I K. HETE
FWE 7T F BN Bt 2 RS 2 SRR T RO CRE
5, SEORF R T SRR AR AN T P R Ak AR A DR
Z0 B, RN o i 20 ol BT R B
10 QKM MBEE I & A oA, 77t /D ST
AL ; BBl , bRE R AL 18 L AE N 9 9 o e
Phg B Ak, %1065 nmiEOGLL 35 W T 245
it e AN ) 5 B (B 4 PBT 84T SEM ROULIE 550 W
22, UL 4 R

a—4fi PBT;b—0.5% Eéﬁﬁ;c—(?o% W (B d—1.5% 1 (L (R
e—0.5% B A R: F—1.0% R ARk g—1.5% BE k)

4 WOCERMES AN A RE S 5 PBT MOEHIY 2 1H SEMJE SR

WA 4a o A B 4% (8] PBT 7RO HE
J& R BACH, WERBY B AT UL AL Ak T JiE 21
TRARI B, A 4b ~ [ 4d i, TR €t BEfY
PBT AHX T (B PBT, 72853 1 065 nm BOGAR
J& L ARTR IHARX V- % B 25 R A ER AH AT WL o3 B
ETEVIR , APRLRTH T AT B8 0 W) o o3 i, i (o (o B



R A OB B R PBT BOCMICRHE R A THRSCR 520 145

X HOIE SR A AN, TN 4e ~ & 4g,
MINAN I AS (0R 5, PBT 7855 HE o #R85 H B 21, %
JZPBT #8535 & &A= hicfb s BR A Rk T it 73 80k 0.5%
i, PBT A B A dBbe il , 38 B £ o5 s MRtk
Jo i R 1.0% B, 43 B 21 ¥R , 33 4 3 i i
&/ E ARG PBT; 24 B €0 o RE o 43 50 in 51
1.5% B, BELF JLF- B 458 S8R , L 4R S L 1E M
AL, BRET O Y PBT 4iigibeinh

(&1 5 2k R DX e 4 () SEML IR, 1] LA WX
Fb R AR ] 230 €0 R 5 Bk %) PBT 7045 e il J 1 35
TIES 20 . W Sa ~ & 5d s, 2535 £F 155 PBT
e iE (o A RE(BTE 53500 0.5%, 1.0%, 1.5%) 11
PBT 784 fE A5 22 A B R 2251, 2B PBT &3
WOL IR G A& KA R i BRI 5 s 4 A2k
Aib ] SR B — 38 B @ AR, PBT 7 AR R iU
LB A 5 0 (0 B i 3 0, PBT Pt Bt B i 4
B, R THROG R & AR IR B S B8O

(a) (b)

(8)
a—PBT;b—PBT+0.5% Wi (L (A.5] ; c—PBT+1.0% i (A (4 15
d—PBT+1.5% ¥ i (1) ; e —PBT+0.5% S A ik
f—PBT+1.0% 2 (A (4 k) ; g—PBT+1.5% B (o (i k)
[E5 AN Bt PBT OGHME - FAL 193 1 SEMJE S

A REE IR FTE, 4 PBT H1187% 0.5% Bt
BEE, BRMES B9 PBT 2 1 -5 AR GRMERY PBT 2R 11 2 30
I A 22 B (N R Se), #ERESS A9 PBT KT i
R e D3 1Y) PBTT 2 1 ey HH AR fE X3, 20 B 2F 1)
o XA B AE AL o 1124 PBT W45 2% i R o (o B):
J i BGR E] 1.0% LA (An & 5~ & 5g), B X
B PBT B be ok, B &R R 2F . v DL iy DL 3
M, 4 PBT 45445 o (A BEA PBT U K 1 065
nm IO LLEOGIR 45 35 W ISR A T4R ERT ,
T PBT X OGRS RE T 855 , ToA U A A
fig, S B PBT Joik pl el , A Ab I 645 Mk 1) & i
BBt 124 PBT 14824 0.5% DL L B A5,
PBT X0 A IS RE 77 k2 1658, S 3 PBT nl kK
R, R N B RS LT 4

R R, B A ARG ASHE5E PBT XHEOE
(LI, FL A BRI T PBT AR B WG B 1%
JE, N 1% PBT 7EHOGHRME T R B IE Al &0
LM EI S . it — 5 UE PBT W IR 3O e
5 LR S 22 RS0 AR G, B O & S AR 1Y)
REE )%, X 1.5% &0 (ahE 5 5 09 PBT #E 1 745
bric, WLIE 6 i . [ 6a A0t TI# A 15 W i) PBT
FRREJG B T IS, PBT &2 #UE Ik S8 , (R R g b
T, IR B AT AR R R o 1] 6b Sh OB TR K 25
W B} PBT %5 Bt 5 1) 2R 161 JE 552, PBT 2% Ifil 9 38 43 e
ol , BRI A B £ A {E B AT 4k R IR AR AT
PBT. [l 6c Hiots® 35 Wit PBT #l M5 1Y
TS0, PBT 3% A4 KB He ik, A0 2 10 B 38 21 4 5%
SRR VEW T W ] UL R ROt AR A

SR PBT 7R AR R e r (8 KB RR E , AT 52 B & v
R BE I AE AN R OUIE S 5 T 8 O (B A8 A 2o

a—15 W;b—25 W;c—35 W
K6 & 1.5% BEa e PBT /EARIEOGII R e i SEMIE S



146

AR

2023 4E, %5 51 4,45 5 1

KA PBT A B 0 HOLRE & B MM, (1575 1 065

nm PO T R IASZIiH PBT Al Je Az Ebe .

3 g

(1) PBT XEHM AN | 5 (0 (Bl S R g0 (o h)

(I A £ B AR PBT %900 ~ 1 100 nm i B3 6l P '

LRI AR SRR IR, M2 5 PBT YO —

PR RCR . RO BRI K T 6 AR

(2) i o o Bl R SR A (O BRI A PBT A4 il

PR AR AT R IR A2

(3) ZEFL L7155 PBT BT X% 1 064 nm % K F Y

WOCM SRR, Touk ™ AR et TN (LB , PBT

W WSO e Al i R 5 | & PBT = AR AN [ 1 ) #1L4E

A4k, PBT R I A [R1 B2 2 B b i i , SOt

FEALUT Al WA B RRER ok B N BR BT 4 s i (A

RERIRBERS —E TR 42w PBT BOEIERIR AR,

(HAEBOCATHRIN JC 5 S PBT 7 A A& i 2 B8l 5

FFLZ R, 0.5% i 3B B (0 (A BB AT LU RS

PBT BOLTT R KL ibRic , HORE 5 by,

PBT b i 5

8 % ik

[1] B4, BREL, B4, 5 B0 PBT HRHEOL T H5 & B R fF 5%
(7). P E¥ERE,2018,32(6):104-111.

Yin Nianwei, Chen Rui, Yu Quan, et al. Study on laser marking
foaming model for black PBT materials[J]. China Plastics,2018,32
(6):104-111.

[2] SREAE, B OCT RO TAR MY A B RE[0]. A 3k S
18 % 2#,2014,175(5):33-37.

Zhang Yuhua, Lu Yin. Research on the principle and development
of laser marking[J]. Automation and Instrumentation, 2014, 175(5):
33-37.

[3]1 EETR, WL, XEfE, 55 BT 2R 00 PBT R 45 IR 25
AT ARSI, A AR KR, 2019,36(6):66-70.

Wang Xuerong, Yao Kai, Liu Yunchuan, et al. Non-isothermal crys-
tallization behavior of PBT by DSCJ[J]. China Synthetic Resin and
Plastics,2019,36(6):66-70.

[4] 30, S S3CHL, 2R, 55 MO RIC RIS R R[], th = AR
2011,25(9):11-15.

Feng Chi, Wu Wenjing, Li Siyuan, et al. Research progress in laser
marking on plastics[J]. China Plastics,2011,25(9):11-15.

[5] A0, MAET T4k, 55 BURHRIEDEDO =GR BT IR RO TAR
FSZR [J]. TSR JTT,2015,43(12):96-98.

Cen Yin, Tian Zhengyu, He Jihui, et al. Impacts of pigment blacks
and fillers on high-gloss polycarbonate laser marking process[J].
Engineering Plastics Application,2015,43(12):96-98.

[6] AAREK, AL, AR e, 45 GRS PBT I RLAS it I 1 MERE R
¥ oW [J]. B £ 5o, 2019, DOL: 10.3969/. issn. 1673-
5137.2019.02.008.

Bai Zhifei, Du Haitao, Li Qilong, et al. Effect of color masterbatch

on melting crystallization and mechanical properties of PBT[J].

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Modern  Transmission, 2019, DOI: issn. 1673-

5137.2019.02.008.

WEEEK, A IR, %5 . PBT/CF VR A MR 4 5015
[J]. RSN T, 2015,43(4):92-97.

Hong Yuzhuo, Zhu Jian, Feng Zhengming, et al. Preparation and

10.3969.

research of thermally conductive PBT/CF composites[J]. Engineer-
ing Plastics Application,2015,43(4):92-97.
k4 EHE, X E T, 5 . PBT/OMMT 40K & A bR P REIF 5F
[J]. CRRSEARLN T, 2011, 39(5):40-43.
Zhang Dong, Peng Hui, Liu Guoyu, et al. Study on properties of
polybutylene terephthalate/organomontmorillonite nanocomposites
[J]. Engineering Plastics Application,2011,39(5):40-43.
EOMS T JEL 4 T BRRT S5 MORRIC PBT/Sb,0, 52 4 bHHI 1 4
JHLBRRFSR[I]. TAZEARLN T, 2016,44(2):7-12.
Qiu Pengfei, Zhou Jinlong, Zhong Wei, et al. Preparation and study
on mechanism of laser-marking PBT/Sb,0, composites[J]. Engi-
neering Plastics Application,2016,44(2):7-12.
g SRR IO CHR 20 F0AE (0 T 2 ABFFE (D). AL et Jb st Tl
K2#,2010.
Yang Wei. Research on the technique of laser marking and color-
ing on plastic[D]. Beijing: Beijing University of Technology,
2010.
AT, 3 S IS WO T bR e B ST 1], L B 5 A R
2016,420(10):36-38.
Xu Liang, Zhou Yong. Study on high clarity laser marking nylon
[J]. Enterprise Science and Technology & Development,2016,420
(10):36-38.
R Bk R, 45 R E ISR E T 6 WOGhR IO T2 KR
Jrcit ). TREERL T, 2018, 46(2):53-59.
Ye Shibing, Zhang Chao, Tan Lin, et al. Technology and formula
design of laser marking of black glass-fiber-reinforced PAG6[J].
Engineering Plastics Application,2018,46(2):53-59.
FEAN L A , B A, A5 ST 2Rl Ak 4O MRS T
SEUSAIFST S BB AT]. FR EPE KL, 2020, 34(10):44-50.
Tian Renjie, Zhu Guangming, Lyu Yuwei, et al. Experimental
study and numerical simulation for effect of carbon black on laser
energy absorption of PEEK[J]. China Plastics, 2020, 34(10):
44-50.
AV, PR TR, A5 TRR D200 e e R IR IR O bR
HYSZMAT]. 2R Tl , 2013, 41(10):102-105.
Cen Yin, Sun Donghai, Ye Nanbiao, et al. Impacts of laser
marking process on high-gloss polycarbonate[J]. China Plastics
Industry,2013,41(10):102-105.
WISEEE, FITC ATk, 55 RN SDRREO LT TR 058 0] 6
FH#E,2016,35(3):351-355.
Hu Chongjing, Yan Fei, Yu Hongbin, et al. Technological research
on polypropylene plastics using laser marking[J]. Applied Laser,
2016,35(3):351-355.
ZRAR BRBL, I, 5 RN LL OO TARTERE AN B 0 ik
ROBIFFE[I]. 386} Tlk, 2012, 40(8):99-102.
Li Yonghua, Chen Rui, Yang Bo, et al. New method of evaluating
infrared laser marking properties of PP[J]. China Plastics,2012,40
(8):99-102.



