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Abstract : X-Ray Photoelectron Spectroscopy(XPS) and Rutherford Backscattering
Spectroscopy(RBS) are used for the analysis of additives, examination of chemical struc-
ture and determination of identity with qualitative and quantitative analysis of surface
elements, binding energy level and depth profiling in the surface. We analyzed surface of
polyethylene, acrylonitrile butadien rubber, polypropylene, glass, fiber and paper treated
with XeF; or C-F plasma by XPS and RBS. It was found that fluoro element was
penetrated to sample surface and the distribution of surface elements are different than

untreated samples.

Key words : X-Ray Photoelectron Spectroscopy and Rutherford Backscattering Spec-

troscopy, surface analysis.
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A} - elat Aot FokFel oy Edaba, £7]
hHAlaL 9 BEF #0145 3 AR 1A
Al Bt B-2)Abe] 2AF, ZE BAE] s
o JAEA FH=EA de 24 FAF, TR
Falza, A4, AR, AF, AAA, 2% F o= 71
EAFE AHD el A #4471 € F de A
28, o)l A ¥4, ¥4 /5, FUA AV N A
o $A 3} e sabaQl $4 2 sty o g ddd
Z23 2vjg 7 Ao} 8 =AM olsl 2
e Al gel| it vlnte] Fgule) A % 44
7FeAd€ AES d $3E& 52 AYE TUd
o},

¥ EAFe oivbdf(flax fiber), HAnF
(natural rubber), casein, plastics, cellulose &3}
& Mo 3¥2F(natural polymers) s}, 194 7] &
4% nitro cellulose 25-¥] A|2tsle] 23} ch A o] F
F4:3 4R ¥4 2EAF(synthetic polymers) &
TEE S ol 2 A% Fiel de o] 45E Fet
2€|§ #at ohzl, 7+E AUMAIE AHEE V1A
B, WA A, Wit Ae] A, Axd, F344
9 5% 7% & 7HAl e ZEAE 714, A,
253, A7), AR}, #FF 9 54, 8N Bl
A} chekabAl A4-3l=Ea glon, P oleldt 3
22 AR WTFA, vhAAF A, WEA 5 Y
A1717) A8 19 43 $o 7l ie] o Eeol
oA o) ez glc}. FLEAF-2) AL e - B
A EA, 2+E 7, & plasticizers, antioxidants,
hardeners, fillers, dyes, pigment, lubricants, driers,
extenders, skinformation preventors, viscosity con-
trol substance, dispersants, dispersing resins §-olil
da e 3835 28 F purity, type, T4 BE,
¥alek B o muiabeol] thgr AYE AAjsledol
g}, A PALFel g B2 v, Rk, v,
248, 9444, UV/Vis, IR, DTA, DRI, TLC,
MS-Pyrolysis, GC, GC/MS, GPC 53} &7 2 n)
gtz HajAwle]l SEM-EDXA, ESCA, SIMS,
LALLSC, 1SS, LAMS, TEM, RBS$} 22 #u] Eo)
Azud oz gy~

B BAe AlRe BWely AWHE Bl o}

-20A~100A Axe] go)7lx BAst] TS A

>

R A, BeA Y A, oA 29, wetel A
23 ol 7heg FA7 et EHEAL {7 %
F7] 2EA EAE v R LE HG A8 AT
F8% g€ stw glen, B8 Al BgAs o
T FE Bl A A F - 23 AT, F)48HE,
Zaf, Algb 2 5o Absie W age] B G5
Az B AtAtd, ¥ 9 5o T2 M, 4
Za AT Bl 348 F UeER 7 ekl
Balel I glc) ¢4, I 2y, 3 #
E A4, AMA S, F8He T2 dAFR R Y F
#3}8} Fopol A & o] o] FEH @ U}’

AL fEA e B #4779 XA AR
33 (XPS : X-Ray Photoelectron Spectroscopy)
o] e FarAl (RBS : Rutherford Backscat-
tering Spectroscopy)2) #=st Hof A4 o¥-E 7
E317) ¢3led, AbA A wel AY 5 e A8
]l polymer, rubber, fiber, paper R glass®] EHE&
XeF; gas?} C-F plasma® A 252} v]xai=
Algol gk AT BN, 4484 9 SetAdg A
ol gk AY-E A Ax FIA @ U e
2 ggo] V=& AFE A7)0 Bshe vie|th
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2.1. 7|71

A3 o] Al8-¥ XPSt Vacuum Generators Scien-
tific L.T.D.4) model ESCA LAB 200-Relglew, ¥
A 2732 Mg Ko radiation : 1253.6eV, pass energy :
wide scan(100eV), narrow scan(20eV), analysis area
:300ume]dc}. RBS¥ National Electrostatics
Corp.2] model NEC-3SDHE 2.0, ¥4 Z7-& beam
energy : 2.236MeV He®, detection angle : 165 and
110 degree, dose : 10~30uC, beam current : 10~
20nA%ic}.

2.2. BMAIR

2.2.1. #AIEX} BEAR

Tetrafluoroethylene [ -CF,-CF,-] 22 A =% te-
flong A}-8-8hct.

2.2.2. XPS £4AIR

Aol 4 #3913 polyethylene(PE)2.2 A 2%

bottle, film, plate % acrylonitrile butadiene rubber

Journal of the Korean Society of Analytical Sciences
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(NBR) o-ring X8 XeF,2 EAslsle] MAml 4
g9}, PE film, PE bottle, glass % rubber& C-F
plasma® AR ARE H2eA] & REF 24
sh vl @EA sk

2.2.3. RBS 24AIR

PE bottle, polypropylene(PP) film, fiber ¥ %A
paper& XeF:2 Azsto] AR A 89 28 A2
#}x] oS A8} vlE FA sk

2.3 B HF

¥ 7§Alo]=} polymer £-& rubber 59 ¥H-E&
43 Mlste] Fajd Aale] B Fxid S
£ FRLRA, vhdAT b, Y 2 A
Z27h B4 9 sl A A 3R}, A4S A Bl A
& A& U nR uteA, F7E 9 fr1Ee €4,
o} e} (bactercide) 5o AH4-Ht}. AR R XeF,ol o
f4 NS TERAF-E A Aol vis) SBRY] A
10~124), NBR 6~8#l, isoprene 5~6nl, revertex
2~4u o] vAAS 2 VeIt R o ol

Xenon difluoride( XeF,)&= ¥4 24, 718t 4.5
mmHg(25C), = A 129C, 2= 4.328g /em’, & o

4 500C, SAE 422/1425C), EF AMEAY
(XeF;/Xe in acid solution) 2.3V<l ¥4 24, XeF,
of gk e} ML £%(20~70T), XeF; A e}
(0.5~10.0gr /m’, & 2~5gr/m®), ] A|1ZH(0.25~
10.0hr, 2 4~6hr) 59 W48 dH3HA A3k
d] 2]&3lv], 53] polymerts &&o ulZtsle &%
Wapel wheh =) 9ok’ 2 Ay AHLR XeF,
ERNA Y AL Fig. 13} 7},

C-F plasmas] 23t A8 FHH3-2 RIE(Reac-
tive Ion Etching) Modeol 4] C.Fs(20 scem)+CHF,
(80 scem) 7}2E AR&-3l9d.om™, pressure 700 torr,
RF power 500mWe}| 4] 38 uk-g-A]z3t}.

2.4. A|Eidy

XPSell 2]t 43-& XeF; ¥ C-F plasmaZ =%
Algst vlA el A8 did A Az P9 wide
scan®t § 20eV ¥ 9] o) A1 high resolution scand}ed €1
& FAH, 2R E A8 F AR L Y3k
L9, RBSd| 2|§ A2 XeF.2 2el9 A &9} n)x
2] A&l disl dads g AT 48 s
At

vatuun

e

X

HITROCCH

PRESUINZED
j3) Al

‘
b PO
PUERIVTUUTLE
fa—

1. IBM PC 2
3. high temperature reactor 4,
5. fluidized bed column 6.
7. teflon trap for collecting XeF 8. pump
9. cletric heater 10.

11,12, manometer

pressure gauge

controllers of NCS M-6000
thermostat reactor
teflon trap for collecting Xe gas

13, cylinder for collecting Xe gas reducted during reaction

Fig. 1. Principle scheme of XeF: fluorination system
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3.4 9 o

3.1. XPSof| 2/#} polymer 4]

X-A BazEage] 718 Yele core-electrond
W& A1A A energy(Eb) & &34 3h= 717124, A
29 AXAE energyrc} £ X-ray(Eo)E FArsl
< o W2 He BdEse Az &5V (Ep)
£ Z2Asle] AAre] AN RE AAISHA ot Ut
e Azal At AT 3 7] Wi Al
8 3ol wrEsEE B3 ALY spectrumE #&5ho]
FAEAe B R A, B3 A, FAEE
B4 Too] 7lsslct. XPSe] $8-& &0 A, 71
AR A ) FE A, B A7 MM Azl A
2], wp B, 38 g9 54, off, FEAY A7
= g Folo) g5 g

B Agolde A8 dal 4a8s, A3,
ABEENE Aldsted 1 WS Fig. 2~Fig. 7o
epfisi et

3L HAEN

Fig. 2= Z5x| 84 teflonoll tizle] 0~1100eV7}t
2] survey ¥t spectra® A, C ls F 1suto] AHatA B
Qlc}. Fig. 3-A¥ XeF,& x&8]¥ PE plate, Fig. 3-B+
u] )2} 5l PE plate?] wide spectra@A], Fig. 3- Aol 4]
& Fig. 3-Bell 4] Bo[x) ¢Fgkd Sils, O 1s, F 1s7} 7
25 AL B 5 otk o]l XeF, =2 %] 7|
A5e] P B2 Si9 0% 249 Wyl A& &
2 glth Fig. 4= XeF.2 2 &lx NBR oringd X2
7] ¢ke A &e] BHA} spectragA], Fig. 4-Bej vl
A 2]¥ NBR A 89| spectraol 4l Zn 2p7} &=L

1} XeF,2 3 &)} Fig. 4-A spectracll A& Zn 2p7} A
257 ¢S whd Na ls7} HE2EH A o) AL
A 89 2o 7|qlg Aoz AEEr) Glassol A%
C-F plasma® el A3} Si 2p7} A48k &4, 4
23 i FErF 371 o F Aok 9, C-
F plasma® # 21§t NBR |87} XeF.2 Heigl A&
o uls] e BA7 AEs9A, C-F plasma® X 2|
% glass Q4] XeF,2 A2l o}& A &) ul#] Abdl &
o7 & E4 FEE Hgow, FPAA AAE
Table 1) A=lstget. mebr] Eo3t gl o8 7
Ay g Y4 BAL vidg ARl w74
kol R Bl gL AR E AL 5o, U4
ol g Be =25 W o ek

3.1.2. siep g pHakel

XPSollA] ztzbe] 8ol wE AP Azhe Bt
A% el ol wel ch=c) gl Y4aEe] Al
2 zhe Bl F<E3 2 §gs Fo] 45 F 1s7} 686eVe
A} Vpehdar, PE2] C 1s7) 284eVeil A, Al,Os2] 1s7}
532eVoll Al vehte 5 zhzt 4% Atell X3k
7}=lc}, Teflone Fig. 5-Ac) 4 B ube} o] C 1s7}
303.6eVell WE}dT) o] teflono] i Ae]7] o Fol
2 o PRzl whEol 2t AR} FFF Ao
Jojrt Ao 2 Ajtelvix| whgFo g o] F 3}
ol 7] A Folch ¢ B Aol At Au 4f 7/2 83.8eV
2 ¥A% CF,-CF:2) C 1sghe 291.4eveit) o9} 2
o upwjo @ Fig. 5-B2) F lsghd BAI A7} 68%V
24 2o 213" teflon®] I3k A9 L84
}.

Fig. 694 B ule} 3o XeF,2 *2]¥ PE plate
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[
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u
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Fig. 2. XPS spectra of teflon
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Fig. 3. XPS spectra of PE plate

A treated with XeF: B : untreated

2] spectrum % C 1s”} 286.8eVell vlebytil, F 1sv}
687.7eVell, O 1s7} 534.2eVell, Si 2p7} 104.4eVe) 1}
Eltond, olubol = HA{j} zhzbe] AlGelMx 2 e
Wzgke] th2A viebyirh o) 24 9xte] AgAtels}
chaw Agtevizigle] oh2ZA] epd & ok S glom
& g4 n @A o) 7R

3.1.3. A B X B M(Depth profiling)

FARE FAolat A8 Fde o=y} & 284
VA BRE] B AR ofo]-28 FEAA A8 BHE
B T AY ZoldmA 1 A7kl Zole] ot E
24 HE g et Al HEE FBafshs v}

X 54185 Teflone- Fig. 7-A2} 3te] Cel Fo] &2F
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o] Zelo] Wizt TA glo) A9 UYFL B 9l
Y} Fig. 7-B2] XeF.2 # 2|5 PE platex=C, O, F, Si
o M2 BES 947} 587} etchingA] 2] Foll &= C,
F, Si¢] 418 x4de] Walghe B 4 glov, Fig 7-
Coll 4| XeF:2 #2]% PE bottle €] Ho]7} ¥ el
utel 0% Fol ZAe] Waghe ¥ & 9, 22 PE
Wdolete H7HA Foll wal A 82 el 5
°]7} 3l&& & 4= 2tk Fig. 7-Di= C-F plasma @
2|3t PE platee] SRR X EA], Zold &
Wl Co §hee] 2718w O, F, Sig) ke 7}
a3tdet. Fig. 7 B9 F+ vl#2% glasset C-F
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Fig. 4. XPS spectra of NBR o-ring
A : treated with XeF, B : untreated
Table 1. Distribution of element analysis in polymer surface
(Unit : at, %)
untreated XeF; treated C-F plasma treated
element
NBR PE NBR PE PE NBR
Teflon . glass . . glass
o-ring plate o-ring plate bottle o-ring
Si 2p - 1.2 - 56.0 0.8 0.9 - 2.0 43.0
S 2p - 0.9 = - 0.4 - - -
Cl 2p - - - - - - = -
C s 70.0 87.9 98. 0 17.0 85.3 91.0 90.0 35.0 25.0
N ls — — - — — — — — —
O 1s - 6.2 - 18.0 4.0 5.1 8.0 1.0 22.0
F 1s 30.0 2.3 - P 9.2 3.0 2.0 62.0 10.0
Na ls - - - - P - - -
Zn Zp - P - - - - - - =
P . positive
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Fig. 7. Depth profilling of standard samples, treated and untreated samples by XPS
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3.2. RBSO|| 2| #t polymer 244

Ztri e Fupaghl (RBS) 9 7] 2 el incident
ion®} Al #.2 target atom-& B4 FEoll 2% Aete
2 713E of 2% H9) energy(Eo)oll g 25 &9
energy(Eo’ )2] vl(K)& oh-&3) 28 A 4]g 7l
t}. o121 ¥} energy loss& &3t g TR
£ ¥4t "ok

Eo'=K - Eo
Eo ! incident ion energy
Eo’ ! back scattering emergy

K : kinematic factor

AR F AR Erdell 419 ] Atelid Al (Eo) o} .2
2Ry 479 ZoldlA) scattering® F 21 &% ion en-
ergy(E) k2] zto} 4B+ v A3} zheol viephdn,
(6] ZExleua] A8 g & o] 2o s ke
FHAIR el AU AT (N)F FERH 42
9] profile-® & % st

AE=K Eu“E]z‘r,S] N AZ
le] : stopping cross section factor

N : sample atomic density

RBSe] Rl e2 A8 FA, zlo], dak vlekdds 3

4% 5o ule} depAlc). Ania] o 2 Fubalatg gl
27k AR @A) TEAL el 21 2] 1/ 40l sl i)
YA E 7HA R AESE Rl E ¥ArFegole) gl
b At 171 2.0MeVY W ME 1um A =7}
e 2 278 microbeam(2nm)eo] 3l 2wy, A\| 8 )
¥ lmmXImm~25mm X 25mme] 23] T o Aba)
Rl 4 4% 4 gl RBS« A% 715} S48, A
Fdae ANEE 3H 87 G ZFA)H) ¢
X a9 ko] 7l Aol glorn g RFEARE
RHEAY F817) YE wsleby FopellAe] g-8o) 7
vk 8 Ak F8F] A 2 o} L%
W&, F dletd] APl ME 8, Fe, Zn, Bul
HEANME Zn, AAFelA Si | K, Ca, T4, Fe, Zn, Pb,
Br %& RBS& &3} 27} gle)

A&l 3t RBS €1 4¥A Aol Fig. 80 vheh)
Kew, Fig. 9ol XeFo 2 /WA R™ Y PE plate?] &
AFEEH S Jepi At RBSel 2% APz y
AE ZH22HE o] Wkl el ojuyt BEE
AL A=A E 8] 98k He' o] &g QlakA1A
3F-3he channeling @428 o9& #slect.
°] A& Table 29 A2 34c). Fig. 8ol 4] Bl mE
Alg Foll C, 0% Fe 322 Hasgdon, &
ol3tAl &= Y B4 T 54 Mg, Si, Ca, PE
o4 N, Na, S, Fe, 8i, Ca, §o°] v}e}u}aL, fiberolj 4 &=
K, paperell A= Ti S0l 259},
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Fig. 9. Depth profiling of PE bottle treated with XeF» by RBS
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Table 2. Analytical results of polymer surface by RBS

XeF; treated

element Teflon
PE bottle PP film fiber paper

C P(88.0%) P P P
N - P - - -
0 | P( 8.7%) P P -
F P P( 2.5%) P P P
Na - P( 0.4%) - - -
Mg P - - - -
Si P P( 0.8%) - - -
S - P( 0.6%) - - -
K - - - P P
Ca P P - - -
Fe - P ~- - -
Ti - - - - P
Cr P - P P P
P : positive
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