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(PDMS) QUA SU DUNG PHUGNG PHAP PO PHO IR VA PO LUU BIEN
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(Bai nhdn ngay 28 thdng 11 ndm 2003)

TOM TAT: Qud trinh tao mang ludi ciia poly dimethylsiloxane (PDMS) tit cdc mach
phan tit c6 chita hai hay nhiéu nhém chiic dugc nghién citu qua cdc phuong phdp do phé héng
ngoai (IRTF) va do luu bién ciia h¢ theo thoi gian phdn vng. Két qud cho thdy, vdi phuong
phdp do luu bién co thé theo doi dugc phdn iing héa hoc ciing nhu qud trinh tao mang ludi
ciia h¢, von phu thudc rdt ldn vao thanh phdn hdn hop, diéu ma IRTF khong thé hién dugc.

I. Dit van dé

Quad trinh ndi mang lién k€t ngang trong cdc vét liéu polyme giif mo6t vai trd quan trong trong
viéc hinh thanh céc tinh chat cd 1y clia vat liéu. Mot van dé dudc quan tdm 12 vao lic nao thi
mang lién k&t dudc coi nhu hinh thanh. Dé tai ndy nghién cifu qud trinh tao mang lién két
ngang qua sif dung cdc phuong phap do phd hdng ngoai (IRTF) va luu bién (Iwu bién k&) cla
hdén hgp trong qud trinh phan ng.

I1. Thi nghiém

IL.1. Pon pha ché&

Polydiméthylsiloxane (PDMS), cao su silicon, tao mang lién két ngang theo cd ch€ phan iing
cdng (phdn Wng hydrosylation, Sommer va Pietrusza, 1947) giita cic nhém Vinyl va Hydro
dugc mang bdi cac mach PDMS:

=Si-H + CH,=CH-Si= — =S5i-CH,-CH,-Si=

Phan ng dudc ti€n hanh & nhiét d§ thudng vdi xiic tdc 12 platin (cloroplatinique).
Trong dé tai, cdc mach PDMS mang c4c nhém vinyl dugc ky hiéu 12 Si-Vi, cdc mach PDMS
mang cdc nhém hydrogen dugc ky hi€u 1a Si-H. Cac loai mach PDMS nghién cifu :

1. Si-Vi: o, divinyl polydiméthylsiloxane (Mn = 10.000)

CHy [ cHy 1 cH;
H,C = CH—-—SI—OI—Sl—-—OLSI——CH CH,
CH3 | CH3 Jﬂ CH;
2. Si-H* : Hydrogeno polydiméthylsiloxane (Mn = 10.000)

CHy B 1 [ cH ] cCH
H—s;—ole—Lol— 31—04—31—}1
ey Jeml " o oo

3.Si-H : a,o dihydrogeno polydiméthylsiloxane (Mn = 1.000)

CHy [ CHy ]CH;
H——§|—ol—s|—ol—§:—ﬂ
ol locom T Lem
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Goi:
- Tryvi :h€ 8 ty lugng, 12 ty 1€ s6 nhém chife hydrogen trén s6 nhém chifc vinyl ¢6 trong hén
hgp phédn dng :

2H

i = Z [mel]

-pu : 1Y 1€ ban ddu ciia s6 nhém chitc H thudc cdc mach Si-H * da chitc trén t8ng s& nhém
chifc H ¢6 trong hén hgp phdn ¥ng:
Z [H poly ]

Ph = ST [+ 3 ]

D¢ tai khdo sdt 4nh hudng ciia hé s6 tj lugng Tun; (1 va 1.3) ,vaty lé py (045,072, 1)
1€n qud trinh tao mang ngang clia hé.

Céc thi nghiém dugc ti€n hanh theo don pha ché nhu trong bang 1 dudi diy (ky hiéu theo noi
cung cip nguyén lidu):

T, Thi nghiém T i PH Mn Si-Vi (g/mol)
1 X1 1 i 10.000
2 X3 1 0,45 10.000
3 X5 1 0,72 10.000
4 X2 1,3 1 10.000
5 X4 13 0,45 10.000
6 X6 1,3 0,72 10.000
7 Yl 1,6 1 10.000

Bdng 1 : Pon pha ché cdc hdn hop PDMS khdo sdt

Trong cdc thi nghiém xiic tdc sif dung 1a 15 ppm/ kg PDMS, va chit tc ché phan @ng 12 85
ppmv/kg PDMS. Cdc nguyén li¢u thi nghiém dudc cung cdp bdi cong ty Rhéne Poulenc dudi
dang PDMS 2 thanh phin A va B :

A : Cédc PDMS Si-Vi ¢6 chifa xiic tdc va chat tc ché

B : Ciac PDMS Si-H
Khi ti€n hanh thi nghiém ta tron 2 thanh phdn A va B theo kh6i lgng tuong tng hé s& ty
lvgng nghién ciu.
I1.2 Cac ky thuit khao sat
Quad trinh d6ng mach clia PDMS dugc theo dai truc ti€p va lién tuc bdi hai phuong phép:
I1.2.1 Quang phé héng ngoai chuyén héa Fourier (IRTF)
Trong qué trinh phdn @ng tao mang ndi ngang cia PDMS, ndng d6 cdc nhém chitc =Si-H va
=Si-Vi gidm dan. Trén nguyén tc nay, d€ theo dai ti€n trinh hinh thinh mang Iu6i PDMS,
mAu thi nghiém dugc chup phd IRTF theo thdi gian phin L’rng, tdc d6 phadn ng dudc tinh
todn trén sy gidm d hap thu cda cdc nhém hydrogen (2130 cm™) hoic vinyl (1600 cm™).
Pd chuyén héa clia nhém chifc =Si-H (¢n), theo thdi gian phdn dng , dugc tinh theo'cong
thic:

- Ag_y : DO hdp thu phé IR clia nhém chitc =Si-H vao ddu phan tng
- Ag_y : P hdp thu phé IR ciia nhém chitc =Si-H vao thdi diém t.
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Ph3 hdng ngoai dugc chup trén thiét bi do phd hdng ngoai chuyén héa Fourier (IRTF) ciia
hang PERKIN ELMER. Miu do dugc chudn bi tit pha sol & bé ddy vai pm.
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Hinh 1 : Phé hdp thu hong ngoai ciia PDMS Hinh 2 : Thay déi cuong do hdp thu cia

miii =Si-H (2130 cm™), mdu X3 theo thoi
gian phdn ing (2 ph, 35 ph, 70 ph) ;

I1.2.2 Luu bién k&€ CARIMED CSL 500 :
Lutu bi€n k& 1a thi€t bi phd bién dé€ phén tich va x4dc dinh cau tric, tinh chat va dic trung cia
polymer & trang thdi chdy nhdt va da hdi.
Trong thi nghiém nay luu bién k€ dugc si dung nhdm xdc dinh bi€n thién moédun dong G’
ctia PDMS theo thdi gian phdn ng ndi mang.
Luu bién k&€ CARIMED CSL 500 bao gdm mét budng thi nghiém c¢6 roto (d = 4 cm) chuyén
d6ng tudn hoan véi tin s6 1a 1Hz, 4p lyc 1én mAu 12 600 N/m2. Du6i tic dong cla chuyén
dong tudn hoan, thi€t bi do momen xo#n clia mau va tinh céc gid tri cia modun dong G', G
theo thdi gian phdn @ng:

G*=G"+G"
trong do6 : G *: md dun dan héi phitc thé hién tinh chdt dan nhdt cda vat ligu
G': modun ddng con lai (N.m'z)
G": modun tén hao (N.m?)

Cic gié tri G+, G', G" dugc ghi nhén tu dong bdi luu bi€n k& theo chuong trinh do dé tai yéu
cau.

IT1. K&t qud va ban ludn

I1L.1 D§ chuyén héa clia phdn ing va qué trinh hinh thanh mang ludi

Trong qué trinh phén tng, IR theo ddi do chuyén héa clia phn iing tao mang ngang giita cdc
nhém vinyl va hydrogen dugc mang trén cdc mach PDMS. P chuyén héa clia phdn iing
dugc tinh gidn ti€p qua lugng nhém chifc hydrogen tiéu hao qua qud trinh phén Wng va ghi
nhin bdi phd IRTP. Cic két qué cho thdy cdc phdn ng tao mang dad xdy ra khd hoan toan,
(dd thi 3) : '

HEé sO tf lugng Thvi 1 13 1.6
D6 chuyén héa ¢y ~0.95 ~0.8 ~0.6

Luu bi€n k€ theo ddi gidn ti€p viéc hinh thanh mang 1u6i cia PDMS qua ghi nhén bi€n thién
modun ddng ciia miu theo qu4 trinh phn ng. Qua cdc k&t qué (46 thi 1) ta thdy c6 sy tudng
_ #¥ng cta k&t qua luu bién k& IR va mddun, mdi lién hé giita dd chuyén héa héa hoc va tinh
chit cd 1§ cia mang PDMS.
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- P8 thi 1: P chuyén héa ($H) ciia nhém =Si-H va bién thién ciia mé dun dong G' theo thoi
gian phdn ung ciia mau X2

Trong giai doan ddu, hé & pha sol, phdn Wng ndi mang da xdy ra nhung md dun déng (G
clia hé bing khong. P&n mot d6 chuyén héa nhat dinh, khi mang dd vugt qua ngudng gel
(percolation) thi hé chuyén pha gel, mang 1ui bt ddu hinh thanh va thé hién tinh chit co 1y,
modun dong G' xudt hién va phat trién rat nhanh. Khi phdn @ng da hoan thanh, thi tinh chit
cd 1y clia hé hdu nhv ciing xdc dinh. Trong do thi 2, th€ hién méi quan hé giita do chuyén
héa ¢y vd modun dong G' clia miu X2 (tuvi =1.3, pu =1), G' chi c6 khi hé chuyén hod
khodng 30% va dat gid tri cyc dai khi phdn dng dat 4 chuyén héa t3i da.
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P4 thi 2: Quan hé gita do chuyén hod ¢y va médun dun dong G' cila mdu X2 (v =1.3,
pu=1) theo thoi gian phdn ing ndi mang.

II1.2 Anh hudng ciia hé s6'ty lugng T

Theo 1y thuyét, phdn ng gita nhém vinyl va hydrogen 1a 1-1, trong dé tai, d€ ddm bdo céc
nhém =Si-Vi déu phin ng tao mang, mau duge pha ch& véi lugng du nhom hydrogen (-Sl-
H) vdi ty 1€ thvi 1an lugt1a 1 (X1), 1.3 (X2) va 1.6 (Y1).

Theo d6 chuyén héa héa hoc thu nhan bdi quang phd IRTF, ta nhén thdy hdu nhu hé s ty.
lugng Tyvi khong dnh hudng 1&n vén t6c va hiéu sudt phén ng tao mang. Trén do thi 3, van
t6c phan ¥ng cia 3 mAu hdu nhu khong khéc biét nhau. Tuy nhién ham lugng nhém chic
hydrogen trong miu cang 16n thi phan ng dat tSi han cang s6m va d§ chuyén héa t6i da
nhém chitc hydrogen clia cdc mAu thi nghiém tuong Wng vdi kha ning phén ing theo hé 6 ty
Iwgng 14n Iugt 12 X1 (~0.95), X2 (~0.8) va Y1 (~0.6).
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D6 thi 3: Anh hudng ciia hé 56 13 lugng Tupi 1én dp chuyén héa gy theo thii gian phdn iing
cde mdu cé py=1: X1 (tywi =1), X2 (uwi =1.3), YI(tup;: =1.6)

DGi v6i két qud do mddun ddng G' cla cdc hé cho thay c6 si anh hudng ddng ké clia hé s6 1y
lugng tyvi 1€n qud trinh hinh thanh mang ludi va tinh chat cd 1y cia hé PDMS néi mang.
Qua dd thi 4, Mau X1 vdi hé s6 ty lugng tyvi= 1, ¢6 d6 chuyén héa ¢y cao nhat, nhung lai
hinh thanh mang ludi chdm va gel c6 modun dong nhd nhat. Theo d6, khi thém cang nhiéu
nhém hydrogen trong hé thi mang luGi dugc hinh thanh cang nhanh va tinh chit clia mang
16i cling 5t hon. Tuy nhién khi hé s6 ty lugng 1én dé€n 1.6 (mAu Y1) thi ¢6 hién twong suy
gidm tinh chat do qud trinh hinh thanh gel qia nhanh ¢6 4nh hudng dén tinh chat cia gel hinh
thanh. 5
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D6 thi 4: Anh hudng ciia hé s6'ty luong Ty 1én phdt trién md dun dong G' theo thoi gian
phdn ung cdc mdu c6 py=1 : X1 (i =1), X2 (uwvi =1.3), YI(tan; =1.6)

I11.3 Anh hudng ciia py : tj 1& cdc mach a,0 dihydrogeno PDMS

Trong thi nghiém, thanh phan chinh cdc mach PDMS la a,® divinyl PDMS va polyhydrogen
PDMS ¢6 khdi lugng phan tl trung binh khodng 10000. Nhim ting kh4 ning ndi mang clia
hé, trong mdt s6 miu dude thém vao cdc mach o, dihydrogen PDMS cé khdi lugng nhd
khodng 1000, thé hién bdi ky hiéu py véi cdc gid tri 1, 0.72 va 0.45 twong ¥ng v6i hé khong
¢6 mach nhd, mach nhé chi€m 28% va 55%.

Trong db thi 5, cdc k&t qua dé chuyén héa clia cdc miu c6 hé s8 ty lugng 1a 1.3 theo thdi
gian phdn \ng, chi ra ring, su ¢6 mit clia cdc mach o,® dihydrogen PDMS trong hé hiau nhu
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khong 1am thay ddi nhiéu d6 chuyén héa t6i da cia cdc phan ¥ng, ma chi lam ting van toc
phdn ng chung va hoan thanh d chuyén héa sém hon (miu X4, py = 0.45).
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D6 thj 5: Anh hudng ciia ty 12 mach & o hydrogen PDMS 1én dp chuyén héa (¢y) ciia mdu cé
TH/Vi =1.3: X2 (,DH =I), X6 (pH 5072) va X4 (pH =0.45)
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Anh hutdng cda ty I¢ mach o, w hydrogen PDMS [én médun dong G’
Do th] 6: TH/]/,=I3 B5 th; 7: TH/Wﬁl.' X1 (py =1), X5 (pH =072) va
X2 (pu=1), X6 (py=0.72) va X4 (py=0.45) X3 (pu=0.45)

D3di v6i mddun dong G', dd thi 6 va 7, chi ra ring sy gia ting ham lugng mach a0
dihydrogen PDMS lam cho qud trinh tao mang dugc nhanh hon (do ting van tSc¢ phin ng
héa hoc) tuy nhién lam gidm ddng k€ modun dong hay tinh chit co 1y cia mang luGi. Trong
thi nghiém khi py thay ddi tir 1 d&€n 0.45 thi modun dong gidm di 45% so v6i hé khdng c6
mach a,0 dihydrogen PDMS. Nguyén nhdn cla hién tugng nay cé thé do mach o,
dihydrogen PDMS c6 khoi lugng phén tf nhd da th€ hién vai trd chat 1am mém khi ching
khong tham gia vao phdn ng ndi mang

IV. Két ludn

Cidc két qud nghién citu cho thdy c6 sy lién hé chit ché giita thanh phin cau tf d&n van toc
phdn @ng va do chuyén héa t8i han, cling nhu mé&i quan hé giita d6 chuyén héa va qué trinh
hinh thinh mang ludi ngang cia h& PDMS.
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Viéc thém va cdc mach polyme nhd hai chifc a,@ dihydrogen PDMS c6 thé lam ting vin toc
phan itng héa hoc nhung 1am gidm rd nét tinh chat cd 1y clia gel hinh thanh. Tuy nhién ting
hé s6 ty lugng (ting s6 nhom chite hydrogen) s& cdi thién ddng k€ tinh chat cia mgng Wi
hinh thanh.

Nghién cifu phin ing tao mang PDMS qua hai phudng phédp : IRTF va luu bién k& cho thay,
quang phS hdng ngoai ¢6 thé phdn 4nh chinh x4c van td¢ va do chuyén héa clia phdn Ung
héa hoc. Tuy nhién IRTF khong thé cho thong tin vé qué trinh hinh thinh mang 1u6i va tinh
cha't cd 1y cia polyme hinh thanh. Luu bi€n k&, CARIMED CSL 500, da cho nhitng thong tin
chinh xdc vé& t6c d6 hinh thinh mang ludi va médun dong ciia hé phdn dnh tinh chit co 1y
cia hé. Pidu cdn luu ¥ 12 v6i CARIMED CSL 500 ta c6 thé xdc dinh khd 15 thdi di€m bit
diu gel héa ciia hé, G’ hinh thanh, diéu ma phudng phap hdng ngoai khong thé chi ra dugc.

STUDY OF THE NETWORK FORMATION OF POLYDIMETHYL SILOXANE
(PDMS) BY IRTF AND BY RHEOMETER CARIMED CSL 500

Phan Thanh Binh

ABSTRACT: The network formation of PDMS by the chains with two or more
functional groups is studied by the method of IRTF and the rheological, measurement in-situ
on a chemical reaction. It can be seen that the rheological measurement, unlike IRTF, can
monitor the reaction as well as the network formation which mostly depends on the mixture
components.
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