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Abstract : This study suggested antistatic material which can increase anti—static properties and
mechanical strength by mixing polystyrene for conveying electronic stuffs with metal salt and ester
compound as a anti—static agent. We studied about mechanical, thermal and electrical characteristics
by changing the contents of MAH of poly (styrene—co—maleic anhydride), compatibilizer. As the result
of measuring residue space charge of the blends of HIPS(75)/TPU(25)/poly (styrene—co—maleic
anhydride) (MAH weight ratio : 25, 32, 43.5 wt%), we could find small residue charge in the blend
which MAH (25 wt%) was added and it showed the highest values in tensile strength. Additionally we
found out the material to which compatibilizer was added kept better anti—static properties than one to
which compatibilizer was not added. In the event we could confirm that the adding of PS—co—MAH
enables two polymers were mixed well when HIPS/TPU was blended and anti—static agent made
easier dissipative in the blend.
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Table 1. Materials in This Work

Materials Supplier Grade M, MAH (wt%)
HIPS Starex HR-1360H 200000 -
TPU Kolon Chemical K—285ASP - -
PS—co—MAH Aldrich - 1600 435

- 1700 32
- 1900 25
7F AFEEIR,

Table 104 B%0] HIPSt= AE wadA| el Zajy-ehrtolql
(polybutadiene, PBR) & &% 3AIA e =& TAAEE 74
T J#o)=R Starex®] HR—1360H Al%-S AH-skdtk TPU
T LA K-285 Alas ARgalglon, -8sAl= AR-E =
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glycol) (Mw : 400, Aldrich) & Flste] dAg] 2 glo] 4/69]
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Agof AR A2 BautechAk] twin screw extruder (BA—
11)E ARk 180~200 CTolld 60 rpm 2 HIPS/TPU(75/25
wWt%)/PS—co—MAH with maleic anhydride (25, 32 and 43.5
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2] hot press(Carver lab. Corp.) & AF&3}o3 180 CollA 12 ton
9] o 5 Ad¥sich
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Ask e AY 40[kVae /mm] Z 3023 A7t e} short
circuit (AP $ 242+ S7dstol 715 vlwsiSick A&+ hot
press= ARE31o] 108 <1180 C, 12 tonolA tigk 700 um F
AR s on, A5} AlE7e] HE A Fol7] f1aA Wi
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EUE A 859 REFAE scanning electron microscope
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B9 fajdol &% (glass transition temperature) = DSC
(differential scanning calorimeter, TA—2910)E o]&3a}o] £
SIGlTE 2 AlRE 35 ¢FvE el w9k3la, Fol (thermal
history) = #3171 $18ll 200 CT7H4] 7148t & 587k 255 74
o H AlEES 200~20 C7HA 10 C/min®] £E2 W2he & ot
A1 200 T7HA] 28 5 HEE 719l Bok s} A&
< S5t ElTo] 84S stk ASTM D—638°) wh




214314 Poly (styrene—co—maleic anhydride) 7} W& HIPS/TPU @29 #7]14 54 253

PULSE HVDC
GENERATOR

POWER SUPPLY

COMPUTER

DIGITAL
QOSCILLOSCOPE

UPPER [
ELECTRODE

SAMPLE

1] LOWER ELECTRODE

AMPLIFIER

Figure 1. Schematic diagram of the PEA system used in the
study.

2} A A2 180 C, 12 ton] o= 1 mm2] ¥ hot press,
dumbbellE AFg-3t0] A Z3kR 0w, =3 AH|= universal test
machine (UTM, shimadzu, model AGS—1000D) & AFg-8}93 0,
crosshead speed+= 100 mm/min, load cell> 1000 kgf% 117
3lo] St AELS- 7 sample™ 12705 5743101 H4 4 &
o] k& HEa YR 10719 k& Fsto] Fasigick viAEe =,
HIPS/TPU EdI=el thdix A2 IDPE 78l 44d7] s
& FEISITE ZF A HIPS/ TPU(75/25 wt%) ol PS—co—
MAHMAH 25 wt%) & 3 phr& 37kt A5t H718HA] 92 Al
B2A ZAL surface resistance meter (PRS—801, Prostat),
charge plate monitor (CPM288, Monroe electronics), field
meter (FMX—002, SIMCO) & °o]gslo] Edl=g AlAe] A

3} decay time, "FF AA7)1E =45k
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Charge Accumulation. Figure 2+= PS—co—MAH 2] MAH
9] Zo w2 75 wt% HIPS/25 wt% TPU / 3phr PS—co—
MAH S31=0] et AlA 2§ F31dsks RolErt 2= vl
A AR A5 Hsl= PS—co—MAHZ 37180 & Zhasl=t|
PS—co—MAH 4l¢] MAHZo] 25 wt%d w] E7= vjof|A] uf
+ 22 35 Haph EdE gl

PS—co-MAHZ J7)811] 92 75 wt% HIPS/25 wt% TPU &
A== & Aol o2 aAt Edll=o]7] wlite] a1zt Afo] g
vacancy”} 7111, o]218t Aldol| A= 3l o)Fo] Welily] wl&
o Agto] AAEYL Al space chargeD AHAF]A] ok=r}b7
PS—co—MAH+:= Aol 7 48 ddsia=+ 32 @412 tie—mole—
cule?] Sehs sl o)A Ade 7tEAY GEHoR WPt
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3t Figure 32 PS—co-MAHWS] MAH o] HIPS/TPU/
PS—co—MAH Ed=ox 523k @9log Zgujojxl= 28 1
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Figure 2. Spatial charge accumulation after short circuit in the
75 wt% HIPS/25 wt% TPU without and with PS—co—MAH
blend. (a) O phr, (b) 25 wt% MAH—-3phr, (c) 32 wt% MAH-3
phr, and (d) 43.5 wt% MAH—3 phr.
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Figure 3. Spatial charge accumulation after short circuit in the
56.5 wt% HIPS/43.5 wt% TPU without and with PS—co—MAH
blend (a) O phr, (b) 25 wt% MAH—3phr, (c) 32 wt% MAH—-3
phr, and (d) 43.5 wt% MAH—3 phr.

=4, Figure 29 23= WA 75 wt% HIPS/25 wt% TPU/
PS—co—MAH (25 wt%) 7} 7} &2 7383HA2hd 56.5 wt%
HIPS/43.5 wt% TPU £ =o)X % PS—co—-MAH (25 wt%) 7}
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Figure 4. SEM images of 75% HIPS/25% TPU blends without
and with compatibilizer. (a) O phr, (b) 25 wt% MAH-3 phr, (c)
32 wt% MAH-3 phr, and (d) 43.5 wt% MAH-3 phr (X 20000).

7V #8 E3E vERof AR 56.5 wt% HIPS/43.5 wt%
TPU BA=ox= PS—co—MAHWS MAHSHE 435 wt%o]
7Fg &2 AvE ®Siv)k webd HIPS/TPU Sl AlAslol PS—
co—MAH W] MAH $k2- 7-8790] To3F 99lo® 285+
Zow speke

BEZX|. Figure 43 75% HIPS/25% TPU £ 1j¢] PS—
co—MAH?®] Z&H]of u}Z interfacial morphology S X<t}
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Figure 4(a)%& PS—co—MAHZ} 37F=A] 2 75 wt% HIPS/
25 wt% TPU E#=o]™ Figure 4 (), (0),(d+= PS—co—-MAH
2] MAH®] S3H|E th=A slo] E=g Aldo|tt Figure 4 (a) ©ll
A= HIPS &k} TPU Alol2] Alde] Hlefele] M2 A84de] &
A 955 B 4 vk 1=y Figure 4(0),(©),(d) = PS—co-MAH
7 5 a3 S AEAAA FER FEEAe] s sk Stk
AA 07 75 wt% HIPS/25 wt% TPU/PS—co—MAH (MAH :
43.5 wt%) (Figure 4(d)) 7} PS—co—MAH 7} A] 783 2] 53¢
AEE HojFr) aAq HIPS/TPUS] 3RS 248l 56.5 wt%
HIPS/43.5 wt% TPU/PS—co—MAHMAH : 43.5 wt%) 3 phr
7 BA= gojxthd PS—co-MAH(MAH : 435 wt%) 7} 7F
2 Aeje] Ade Btk (Figure 5). o5 FsHEE 230 Avjel
Fr5=all B TPU iAkel miEg A0l HIPS Aol 2] Ao vloigle]
M AgAJo] 4] E3t Figure 4 ()= AlHollx] B4 Awzie]
Fx3ph Aa}e] o5 = Zlo® A7k 72y PS—co-MAH
7} 2718 Figure 4 (1), (), (d)E 1 Ado] Ag3A41Q) oJ&ks sl
= PS—co-MAHE AH9A Qlo] 7 it & AAAATIS
= GR1E = At} 83 k= ] s AAE dle] A
7T Al Ade] ZeME Wt 25le] Ae I d=o® =
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Figure 5. SEM images of 56.5 wt% HIPS/43.5 wt% TPU
blends without and with compatibilizer. (a) O phr, (b) 25 wt%
MAH-3 phr, (¢) 32 wt% MAH—3 phr, and (d) 43.5 wt% MAH—
3 phr (X 20000).
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Figure 6. DSC thermograms for 75% PS/25% TPU blends
without and with compatibilizer (3 phr).

MAH 8leRlol| wh& 75 wt% HIPS/25 wt% TPU/PS—co—MAH
Sal=o] f2)7o] &% (glass transition temperature, 7y S HoJ
T}, Figure 694 B+ nke} o] 75 wt% HIPS/25 wt%
TPU/PS—co—MAH(MAH : 25 wt%)+= HIPS, HIPS/TPU,
HIPS/TPU/PS—co—MAH(43.5, 32 wt%) Bt} 2 7,2 e}
itk gukzlo® Bdle o] mEx} AgAlo] Folxd Balsw
82 T ME 7A=Y, HIPSS) 7,(95.34 C), TPUS)
7;(—40 C)°]== Figure 60ll4] Xi= nfel o] 7 @z} =il
txjo] MzE] 77t 7PIAE 2l RIS 4 Qirk Anlow
PS—co-MAHE “-83H2A9] mah= 9o, 75 wt% HIPS/25
wt% TPU Zd= 2] PS—co-MAHS] MAH &Fekol] whel A4
del T3t Je v

OIRIAT O} ME. Figure 7-& PS—co—-MAH Z3H]o] ©& 75
wt% HIPS/25 wt% TPU/PS—co—MAH E-1=9] Q147w ¢}
AE-E HoIFT) Figure 704 B e} o] 75 wt% HIPS/25
wt% TPU/PS—co—MAH 25 wt%+= HIPS, HIPS/TPU, HIPS/



218344 Poly (styrene—co—maleic anhydride) #7}ell W& HIPS/TPU

22 22
Ng 201 20
Z S
< | 8
B 18 e 18§
1%} ’// ‘\\__, ,_Q
L 16 L ~ 16 @
w0 - g
o e . "
g .
& \

14 N 14

0 10 20 30 40 50

MAH % in PS—co—MAH

Figure 7. Tensile strength and elongation for 75% PS/25%
TPU blends without and with compatibilizer (3 phr).

Table 2. ESD Protection Abilities

HIPS/TPU IDP MAH(25 wt%)  Surface resistivity Decay Tribo—voltage

(75/25)  (phr) (phr) (ohms/sq.) (s) V)
1 15 - Insulative 42 470
P 15 3 3.16x10% 0.3 60
3 2.0 - 3.98x10" 20 170
4 2.0 3 1.25x10" 0.1 20

TPU/PS—co—MAH(43.5, 32 wt%) ®t} %2 QI wel A&
S KB o o] kA AFPH A 7+ vacancy”t é"?}j
X‘%ﬁ}t}ﬂ PS—co-MAHS] 712 Ado] XA Al At
o] Zx¥ Anjela 3 5 Qirk Aupd o7 A8 = 9] PS—
co—MAH o] MAH ko] 25, 325, 43.5 wt%<! PS—co—
MAH A% Z31= QA9 75 wt% HIPS/ 25 wt% TPU E=l=9]
e PS—co-MAHWMAH 25 wt%)7} 7P £ 335 HQlth
ol PS—co—MAH Ul¢] MAH 0] 748730l Fast 3
nFE & ik
IR HSEIL Table 2= 959 315221 IDPE 75 wt%
HIPS/25 wt% TPU E#l=ol 37} Al %-8-31#1Q1 PS—co—MAH
7} 3 phr F71E0] Sz AlaT} 18] Zek AlEe] vl s 3
7Ve HofeErh Al Hizo] AgsiAle] H7lel whet i A
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Aoh= Mz Rl mHlRle Al tix ALl o] & <t
17%14 T W*WW% Hofalr] Qe W ko] 959 ke
< Egslek stk olg TAKS Fldsl] A HIPS/TPU &
FNEA] ESAIR] PS—co—MAHZ}E 37ko] 7 1ixbs 31 7
3 A4E o] 359 3EQ IDP7} 44 Bk = Q= A
2 FS¥ck

lo o

=AE9] A4 54 255

2 E
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2 5E gRlgk ? °‘E}.
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