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入度I C R O F l l ,T E R
*

Zh aO C h o n g d e

(赵崇德 )

hC乞
n a nI o ti t o to of A t o。 ` e E o e勺 ,

,

B e红i即 1 0群 1为

P
.

V a t e r a n d R
.

B r a n d t

(eK o e h e m i e F B I不; hP i l卿
s 一

nU i o e 。 葱t ,
,

D , 5 5 0 M a站。印
,

G e

o
a n , )

A B S T R A C T

B y t h e e t e h i n g o f P V D F (p o ly v i叮 li d e n e
) of i ls p e r p e n d i e u lar l y b o m b a r d e d t o

t h e i r s u r

acf
e s i n a d va

n e e w i t h h e
va y i o n s at U N I L A C ( G S I D ar m s t a d t

,

G e r m a
盯 )

,

P V D F t r a e k m i e r o if l t e r s ar e s u e e e s s fu l l y m a n u

faC t u er d a n d m o s t l y e

val
u a t e d 勿 m e a sn

o f a n o P t i e a l m ie r os e o P e
.

T h e er e i P es o f t h e e la b o r a t io n ,

t h e P r o P e r t i e s
as we ll as

e t e h i n g a n d t e e h n i e al P a r a m e t e r s o f t h e m i e r o if l t e r s a r e s u m m a r i z e d
.

T h e P o s s i b le

ap P li e a t i o n s a r e al s o d i s e u s s e d b r ie fl .y

K
e y

wo
r d s P V D F

,

C h e m i e a l e t e h i n g
,

肠 ac k m ie r o if l t e r ,

P o r e s i z e

1 I N T R O D U C T I O N

升 a e k m i e r o if l t e r s e a n b e ge n e r at e d 衍
e n e r g e t i e e h ar g e d p a r t i e

le i r r

ad i a t i o n t o s ul t
-

a b l e t r
ac k d e t e e t i n g m at e r ial s a n d s u b s e q u e nt e h e m i e a l e t e hi n g o f t h e i r r

ad i a t e d d e t e e t o r s

i n 即 p r o p r iat e e h e m i e aj s [1
,
2 ]

.

s u e h 且l t e r s h vae b e e n us e d i n a b r o a d s p e e t r u m o f i n d u s
-

t r i e s , s u
hc as

e l e e t r o in e s ,

P h ar m a e e u t i e al
,

b i o m e d i e al
,

q u al i t y e o nt r o l a n d a n a ly s i s
,

w a t e r

t r e at m e nt
,

b i o t e e h n o l o g y ,

fo o d a n d b e
ve

r

ag e , s P e e i a l i t y e h e m i e

asj
, s P e e i a l i t y g as e s a n d

ae
r o s P ac e

.

B u t i t 15 fo u n d t h a t m o s t o f e o m m o ul y us e d m at e r i a l s fo r t h e m a
un fa e t ur

e

o f t r ac k m i e r o if l t e r s h vae P o o r P坤 s i e a l P r o P e r t i e s , P ar t i e u l a r ly
, t h e r m a l P r o P e r t i e s an d

t he i r

esr is t a
cn

e s ag ia sn t a g g r e s s ive
e h e m i e al s

.

I n o r d e r t o e x t e n d t h e r a n g e o f t h e a -P

P ilc at io n s ,

m or e an d m o r e e
ffo

r t s h vae b ee n m ad
e t o se ar e h fo r t h e m a t r议 e s t o m a k e

t r
ac k m i e r

iof l t e r s w i t h s P e e ial P r o P e r t i e s
.

eR
e e n t ly

,

we P r o d u e e d a n e w t r
ac k m i e r o 丘l t e r

一 P V D F t r a e k m i e r o if l t e r

by
e h e m i e al e t e h i n g o f P V D F fo il s o f 5 0 m m in d iam

e t e r a n d

4 0拼m in t hi ck n e s s w h i e h we
r e P e r P e n d i e u l a r l y i r r ad i a t de t o t h e i r s ur faC

e s in ad va cn
e

w i t h 2 3 8 U be va y i o n s o f 1 3
.

7 M
e V加

.

p V D F p场 s i e al ly r e se mb
le s T E F L O N

·

B e s id se

go o d m ce h a in e al P r o p e r t y
,

i t s h o w s ve
r y if n e r e s i s t iv i t i e s ag ia n s t a g g r e s s ive e h e m i e al s ,

ih hg t e m P e r at ux e an d r ad i at i o n s
.

P ar t i e u lar l叭 i t s
or l l e d an d s t r e

hc
e d fo r m P o s s es s es

p过。 /p y r o e le e丝i e p r o p o r t i e s
.

M o r

veoe
r ,

i t 15 e n d

owe
d w i t h e e r t i if e a t e o f isn p ec t i o n i n

fo o d an d m e id e i en q u a l i t y e o nt r o l by i t s P hy s i o lo g i e al P r o P e r t i e s w ih hc m a k e i t a g o o d

if l t e r m at e ir al
.

B ec a u s e o f i t s 5 0 if en
r e s i s t i v i t y a g ia sn t hc

e m i e

als
t h at t h e e h e m i e

al e t e h i n g o f

P V D F t r ac k m ic r iof it e r 15 m o r e t i me
e o n s u m i n g t h a n o t h e r P las t i e s t r a e k m i e r o if l t e r s

,

O ne
o f t he ai ms

o f P r es e nt wo
r k 15 t o se ar e h fo r a s u i t ab le r e e iP e fo r i n e r e as i n g e t e h ign

s e (锣无i v i t y (V ) as hi gh as p o ss ib le
.

oF
r t hi s p u r p o s e ,

we 盯 s t e m at i e a l ly ivn
e s t ig a t e d t h e

*

T ihs wo
r k

was
P e

for
r m ed u n d e r t h e a g r ee m e nt o f C h i n务 G e r m a yn S e i e n t i if e C o ll ab

o r
at io n

一
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~
ir tP

r

ece i v ed d at :e 19 9杏 1压 0 8
; 了一



9 2 N U C L E A R S C I E N C E A N D T E C H N I Q U E S 从〕 1.6

e t e h i鳍 be h va io
rsu

o f P V D F v s d iffe re nt so lu t io ns (N Oa H
,

K O H
,

K M n o 如 K Z S ZO S a n d

the i r m议 t

uesr ) i n id ffe er nt e o n e e nt r at fo sn at 70
O

C (for kee p in g i t s p i z , / p y r , le ce t r i e

p r o伴 rt ise )
.

S
om

e r se u l t s

aer
p lo t tde

口.

s盆工
-,嘴肚。山

E t山
. g U山 le `

F 运
.

1 P o er
5 1朋 at

s

ur fa e e of n d e r o n lt e r

v s
et

c址雌 t ime at ( 70 士 l )
o

C fo r

d扭触er 毗
c o n c e

nt
r a t io n 日 o f

K O H+ K M n O 4

1
.

1 0 m o l / L K O H + 0
.

25 F W K M n o ; ,

2
.

8 m o l / L K O H + 0
.

15 F VV K M n o ` ,

3
.

7
.

5 m o l / L K O H + 0
.

I F W K M n o 。 ,

4
.

6 m o l / L K O H + 0
.

1 F VV K M n o -

in F ig
.

1 w h ic h de mo sn t r at s t h a t t h e

胳
lu t in n o f 1 0 m of / L K O H + 0

.

2 5 F W ( fo r
-

m u l a

we ig ht ) K M n 0 4 e o u ld be co sn i-d

e r ed as a n ac ce tP ab le et hc a n t for m a

-un
血c t u r e o f P V D F t r ac k m i e or il l t e r

.

W he
n

t he P V D F fo ils of 40 户m t hi ck ep r P吧dn i-c
u

lar ly bo mb ar d ed w it h 238 U he
a v y in sn

o f 1 3
.

7 M eV / u an d e t c h ed i n t he et e h a n t

s p ec i il ed a b voe at (70 士 l )
“

C fo r s h
, o n e

c a n o b t ia n t he P V D F t r
ac k m ic r o if l t e r

w i t h pe ne t r a t l n g t h r o u g h ho lse
.

W i t h t h e

Por lo
gn

a t io n o f e t e hi gn
,

t he P
oer

s i z se of

tr 鱿 k aer gr ad u a 】ly e lu a r母刁
,

叨d t he fo ils

aer on r m all y e

voe
r

ed 勿 a lay
e r o f P -ur

P le d ar k i s h P r ec iP i t a t es w h ihc
e
an b e

~
i ly

was
h ed a’ w a y by

u s in g a

sol
u t in n o f

K Z S ZO S
.

OF
r t he

e t e ih n g of ab
o u t 2 0 h

,

m ie r o
ho lse e o lu d be o bse vr de h va ign d i

-

a

me
t e r (D ) o f 4 ~ 5拼m at t he

s u r肠比 e
an d 、 4 拼m in ce nt er o f fo i l

.

2 P A R A h度E T E R S

T he P V D F t r ac k m i e r o丘l t e sr P r
od

u e de in o ur e t e h in g e o n d i t i o sn h vae
s u e h a ik dn

o f m i c r o il o lse w h i c h

cosn
is t of two ide nt i e al fu n n e ls s t an d i鳍

o p p 《犯 i t e e二 h o t h er (F ig
.

2 )
.

T he ou et r d i
am

e t e r (D ) of m i c r o h o 】se 15 lar ge r t h a n t he in ne r id

ame
t e r

(d )
.

T he co ne

曲 g l e
l石=

acsr
in (1 / V )】15 er l a tde t o t he e t hc i雌 se lce

t i v iyt (V = 协 / Va )
,

i
.

e
.

the r at in

of t he t r aC k e thc r at e

alo
n g t he d a m a g e t r ia ls (外 ) t o t he b u lk e t e h r a t e o f m at r议 i tse lf

(玲 )
.

T he lar g e r t he r a t i o is
,

t h e s m al ler t h e
co ne an gle is

, t he mo er
“ e y il dn

r ical
, , t he

m i c or ho 】se aer
.

G e

ner al ly
s pe a k i n g

, t he tr ac k m ic r o if let sr m ad e

for m p las t ics aer ~
t ly

of fu n n e卜 Ub 卜hs aP ed m ic or ho les w it h a
co en an gl

e of a fe w d e gr ec s
.

T he p ar a m e t e sr of
s u e

h t r舰 k m i e r o if l t e r s

aer
il n h 月 e ` h o t h

e r 勿 qE
.

( 1 )

d = D 【1 一 (L 一 2玲 t )/ (2 (协 一 玲 )t )】 (1 )

w he r e d 15 t h e i n en
r d i

am
e t e r ,

D t he o u t e r d i

anet
t e r ,

巧 t h e t r
ac k e t e h r at e ,

VB the b u lk

et hc
r a t e ,

L t he or iig
n al t hi ck

~
of t he fo il

,
t et hic gn it m .e

R om 鞠
.

(l)
, 。 ne c

an d de cu
e fo llow ign t钊。 d de cu it o sn :

t
。

== L / 2份 (2 )

t` = L / ZVs (3 )
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助
5

.

(2
,

3 ) ar e e t e
h i n g t i

mes
w he n m i e or ho les s t ar t t o be fo r m ed in a

ifo l a n d t he fo il w i l l

be co m p le t
elr d i s so l

v

ed
,

esr P ec t ive l .y T h e s e t wo d ed uc t io sn aer fr eq ue nt ly u 谈对 for ht
e

isn P ec t io n o f q u ia iyt
e o llt r of in t h e m an u fa e t一 r e o f t r ac k m i e or if l t e sr

.

--l,t、曰̀ō肠乞。山

F她
·

Z A 肚么 e

me of t he 侧叮 a

me et sr u se d

加 r t b e e明目” . 心fo n 0 f t h e i n . e r

an d

o u 也e r d卜 m吐
e r

of
n公e r o h o 】es

F址
.

3 P o er
5 1

, ( D an d d ) v s
et cb i雌

t i
me at (7 0士 1)

o

C of r t he os lu t of n o f

1 0
om l / L K O H+ 0

.

2 5 F W K M
n o ;

tI 15 ve id e
ut t h at 百 i

.

e
.

巧
a n d玲 aer

the d o m i n a n t Par a

me
t e sr ofr Por d cu i n g t r ac k

n d c or if l t ser
.

巧 15 int e

err 城 de ot m ass an d lle er gy of tr ac k ofr m i gu Pa r t ic lse
.

T he er of r e ,

fo r t he e t e h illg of vee yr b a thc o f ifo ls i r r
ad iat ed w i t h ce r t ia n he a v y fo n b

eam
, o en h as t o

d e t e r n云en 协 be fo r e
han d t o b e a b le t o es t im at e t he e t

ihc
n g t im e n 仪对ed t o P r o d u e e

d i a m
-

et esr
r e q iu r ed 勿 t he u se r of t he m ic or ifl et sr

.

T he er aer se ve
r
al me

t h o d
s

ot b e e m P IOy ed
t o d e ir ve 协

.

A

moer
P r ac t i e al o n e 15 t he d ed u e t fo n o f VT 勿 us i n g a lP o t o f po er s i z es

(D an d d ) vs e t hc in g t im e

(F ig
·

3 )
.

R o m F ig
·

3
, o ne e

an see
t h at t h

e in ne r d i
aln

e t e r d o f

m i e r o 6 l t e sr s t ar t s in e er as i gn il ne ar ly
a ft er aft

e r an
“

in d u e t fo n t im e’ , t o w b i e
h 15 er g a r d ed

as t he t im e n ec e吸弧让y fo r fo r m i n g t he
“

P e n e t r a t ign’
,

m ic or ho lse
.

W i t h t h is i n d u e t i o n

t ime t o an d t he or iig n al t hi e k n

sse
o f fo i ls L

,
t he t r ac k ve fo e iyt 巧

e a n be d e r i
v

de t h or gu h

t he e q u at io n
协 = L / (Zt。 )

·

I n t his w a y we
e al e u l a t de 外 as (5

.

13士 0
.

0 2 )拼m /h for
2 38 U

he
a v y fo su of 1 3

.

7 M
e

V / u at t he
e thc i鳍

e o
dn i t ion

o f 1 0 m o l / L K O H + 0
.

2 5 F W K M n O 4

at 7 0
o

C
.

OF
r t his ds if n

de
e t hc ign co dn i t i o n t h e

vae
r a g e b u lk

e t e
h r at

e

玲 15 d e t e r
而

n记

as (0
.

2 士 0
.

1 )户m /h 勿 me as ur i n g we ig ht a n d t h ick
ssne

b e fo er a n d a ft e r e t e h i雌
.

OF
r t il

e

m叨 u肠比 t
uer of t r ac k m i c r

iof l t e r s w i t h t he co ne an g l e as
s m ia l as l ) 0旧 s ib le

, t城 r
ed

u e t ion
of fo i l t ih e k n e 6 6 15 an

e肠况 t ive m e t ho d
,

b u t i t 15 l im i t ed for m P r鱿 t i e al v i e w P o int
.

50 t he

at t e n t i o n 15
onr m all y p画d ot se ar e

h fo r t he m os t O tP i m is ed ecr i Pes
.

A Par t for m se lec
-

t fo n of e t面鳍
c o n d i t

ion
t he ad d i t ion al (p -er or p朋 t

一

) t r

eat m e n t s

aer us u al ly he lp fu l t o

icn r e a吕e et e h ign se lec it vi .yt

3 P R 0 P E R T I E S A N D P 0 S S I B L E A P P L I C A T I 0 N S

P V D F t r ac k 而
e r

iof l t e r P r砚犯nt ed he er 15 t h e m i e r
iof l t e r w i t h fu n n e l七 b卜 s h a Ped
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.

6

m i e r o h o l e s o f a fe w d e g r e e s o f t h e e o n e a n g le
.

I t P o s s e s s e s s o

me
u n iq u e ad va n t a g e s in

P坷 s i e al
, e h e m i e al a n d e l e e t r i e P r o P e r t i e s w h i e h a r e u s e fu l fo r a

va
r i e t y o f t ec h on l o ig

e
al

a P P l i e a t i o n s
.

S o m e e h a r
ac t e r i s t i e s a r e s u m m ar i z e d as fo l l o w s :

a
.

E x e e l l e nt r e s i s t i v i t i e s a g a i n s t ag g r e s s ive
e h e m i e

als
a n d g as e s

,

w hi e h m a k e s i t

u s e fu l i n t h e i n d u s t r y o f s p e e i a l i t y e h e m i e a l s a n d g as
e s

.

F ig
.

4 i ll u s t r a t e s a e o m Par i s o n

o f t h e e h a n g e o f t h e m e e h a n i e a l s t r e n g t h b e t
we

e n P E T an d P V D F t r
ac k m i e r o if l t e r s

aft
e r a l o n g e o n t a e t w i t h a g g r e s s ive g as

e s

(H C I a n d N H 3 ) u s e d i n t h e p r o d u e t io n o f

s e
m i e o n d u e t o r

.

P V D F
P E T

曰
、.

P E T N H 3 d = 0
.

2一` 盖一t

H C I

P V D F

d = 0
.

2一̀ u 盆

。之七.ǹz妇,̀.óu山

己
山乞之云叨u。ó甘。习
生ó--自

1 0
3 0 5 0

T i l`一e

/ d

7 0 1了) 3 0 5 O 7 0

T i i一 e
/ d

F i g
.

4 C h a n g e o f t he me
e h an i e al s t r e n gt h o f P E T an d

a ft e r a l o n g e o nt a e t w i t h a g g r e s s i v e

P V D F t r a e k m i e r o if l t e sr

g 8 S e S

b
.

W id e w o r k i n g t e m P e r a t u r e ,
r a n g i n g fr o m 一 3 0

o

C t o 13 5
o

C
,

w h i e h a l low
s i t t o b e

a p p l i e d i n e r

扣 g e n i e t e e h n o lo g y
.

e
.

A low as h e o n t e n t w h i e h 15 o f im P o r t a n e e i n t h e q u a n t i t a t ive
e l e m e

nt
a l a n a ly s is

by m e a n s o f n e u t r o n ac t iva t i o n a n d o P t i e a l s P e e t r o s e o yP
.

d
.

H ig h t r a n s P a r e n e e w h i e h 15 s u iff e i e nt fo r o P t i e a l m i e r o s e o P i e ivn
e s t i g a t i o n s

.

e
.

A s m o o t h s u r fa e e w h i e h P e r m i t s t h e i r
us e fo r a n a ly t i e al P u r P o s e s ,

i n P ar t i e ul ar
,

i n s t u d y i n g t h e p r e e i p i t a t e
by m e a n s o f o p t i e a l o r e l e e t r o n m i e r o s e o

伴
L S m al l we ig ht an d n e g l ig ib l e m o i s t u r e a b s o r p t i o n ( < 0

.

0 3 % a t 2 3
o

C in 2 4 h )
,

w h i e h

a l l o w s i t t o b e u s e d fo r g r

va im e t r i e al a n a ly s e s
.

9
.

F i n e al r 一 r e s i s t i n g a n d r a d i a t i o n r e s i s t i n g P r o p e r t y
,

w h i e h m a
ke

s i t im p o r t a n t i n

a
va

r i e t y o f a P P li e a t i o n s , e s P e e i a l ly i n n u e l e a r t e e h n o l o g y
.

h
.

I n e o m b u s t ib l e s w h i e h 15 u s e fu l fo r s o m e s P e e ial a P P l i e a t i o n if e ld s
.

1
.

E l e e t r i e

(p i z -o /伴
r -o ) p r o p e r t i e s ,

w h i e h m a ke i t ac
e e p t a b l e i n a u t o m a t i c C o nt r ol

.

A C K N O 丫V L E D G E入4 E N T

T h e a u t h o r s a r e g r e
at fu l t o D r s

.

R
.

S p o h r a n d J
.

Ve t t e r fo r t h e i r k i n d h e l p o f i r r
ad i a t i o n o f

t h e fo i ls
.

W七 t h a n k t h e i n t e r n a t i o n a l o iff e e r s ,

D L R
,

K o e l n a n d C N T C
,

B e ij in g
,
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