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(Bai nhdn ngay 18 thdang 3 ndm 2004, hoan chinh sita chita ngay 05 thdng 5 ndm 2004)

TOM TAT: Bai bdo trinh bay két qud nghién citu mang ludi luu héa cia PDMS, c6 chita
cdc loai don silice va thach anh, qua cdc ky thudt tiép can: do cuong luc, do luu bién va hoi phuc
tit hat nhan (RMN — Relaxation Magnétique Nucléaire). Cdc két qud chi ra mi quan h¢ giita cdu
triic mang ludi xdc nhdn bdi RMN va cdc tinh chdt dan hdi vi mé cia mang ludi lwu héa (E, G’).
Pdc bigt dsi vdi cdc mang ludi luu héa c6 chita djn, vdi nhitng tinh chdt co ly nhu nhau nhing cdu
triic mang ludi c6 thé rdt khdc nhau, tuy thuéc vao khd ndng twong tdc gita dén va mach polymer.
Cdc tinh chdt nay cé thé nhdn biét qua do hdi phuc tit hat nhdn (RMN).

1. Pitvandé
M&i quan hé giita ciu tric mang 1u6i va tinh chdt cd 1y cla polymer da dudc nghién cifu va xdc nhin
theo cdc 1y thuy&t vé& mang 1u6i thudn (zéseau affine), thuy€t trudng trung binh (champs moyen) ciing
nhu cdc 1y thuyét hién dai (percolation),... Tuy nhién viéc tham gia ctia don vao mang ludi polymer
vAn chua c6 dugc nhitng cd s& 1y thuy&t hoan chinh. y
P& tai nghién ctu mang G cla PDMS luu héa béing phin dng hydrosilylation, phdn #¥ng cong gilta
cdc nhém hydrogen va vinyl dugc mang trén cic mach PDMS, v6i sy c6 mat clia hai loai ddn 1a silice
(c6 kha ning tao lién k&t vdi PDMS va déng vai trd chit don ting cudng) va thach anh (d6n trd ). Qua
cic phuong phép ti€p cin khdc nhau, tif khdo sdt cdc tinh chi't vi mé nhu médun dan hdi E, mddun
dong G’ va phuong phdp khdo sit & mic do doan mach, phin tl¥, bing do héi phuc tit hat nhan
(RMN), nhiim dénh gid cdc cAu trdc mang 1u6i, dé tai nghién ctfu mGi quan hé va dnh hudng cia céc
loai d6n d&n qué trinh hinh thanh, c&u tric mang Iw6i cling nhu tinh chat dan hdi ciia sin phim.
2. Thi nghiém

2.1. Céc ky thuit st dung
D& dénh gié tinh cdu tric mang 1u6i va tinh chdt dan hdi cia PDMS dé tai da s dung ba phuong
phép ti€p cén khdc nhau:
- Khdo sdt qué trinh hinh thinh mang ludi va tinh chét cia mang lu6i: do m6édun dong G’. Thiét bi sif
dung 12 Ivu bi€n k€ CARIMED CSL 500, tdn s8 tuiin hoan 12 1 Hz, 4p lyc 1én mau 12 600 N/m2.
- Kho sat tinh chi't dan hdi clia mang lu6i: do mddun dan hdi Young E.
- Khio sit cdu tric mang Iudi, trang thdi linh ddng cla cdc proton trén cdc mach PDMS trong mang
1u6i: sit dung thong s6 cdu tric mang ¥, qua do hdi phuc tr hat nhin (RMN) cia hé. Tuy theo dd
hip phu ciia cdc mach PDMS trén bé mat hat don, phudng phdp do hdi phuc tir hat nhan c6 thé phin
biét do chit ché cdc ciu tric clia cdc hdn hgp qua do thdi gian hdi phuc dic trung cla ching, thé hién
bdi théng s6 cdu triic RMN % C&u triic chit ché, cdc proton trong hé cang it linh dong, thdi gian héi
phuc tit hat nhin cang ngén thi thong s& cdu tric X cang 16n. Thiét bj si dung do hdi phuc tir hat
nhin 12 mdy RMN Brucker CXP 90 cia hang Brucker, hoat dong & tn s& 45 Mhz. Cdc miu thit dudi
dang 18ng, nhét hodc rin (lwu héa) dugc do trong cdc Gng thiy tinh kich thudc 0.8 mm.
Thi€t bi do IRTF dudc sl dung d€ theo di phdn Wng tic thdi (in-situ) tao mang ndi ngang theo thdi
gian phdn &ng. Vdi cdng thic tinh do chuyén héa (¢) ctiia nhém chifc hydrogen =Si-H ( budc séng
2130 cm™), nhu sau: . :
¢H oy Asin —ASi—H

: Agi-H

Asizi : D0 hip thu hdng ngoai ciia nhém chifc hydrogen ghi nhén bdi thi€t bi do IR.
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2.2, MAu thi nghiém
Phédn tng Ivu héa: hydrosilylation (Sommer va Pietrusza, 1947)
=Si-H +  CH,=CH-Si= — =8i-CH,-CH,-Si=

Sit dung cic mdu PDMS cung cip bdi hang Rhénes — Poulenc (Phép) qua cdc don pha ché& nhu sau:

Miu TV | p. | MnSi-Vi Chat ifc ch& | Silice | Thach anh | P¢ nhdét Sa ling
TN (g/mol) (ppm) (%) (%) (Pa.s)
X2 1.3 1 10.000 85 0.5
X6(Z2) | 1.3 0.72 10.000 85 0.5
Y3 AL 10.000 | 85 33 |o 7 Khong
Y4(Z3) | 1.3 0.72 10.000 85 33 0 5 Khéng
YS 1.3 0.72 10.000 85 : 0 33 0.8 Khéng
z7 1.3 0.72 10.000 43 0 100 3 Cé

Bdng 1: S6'ligu téng hgp vé cdc mdu PDMS chinh khdo sdt
B il
Z[H] Py = : Z [ poly
TH/Vi:m ! 5 Z l_Hpuly J"‘Z [Htm]

Hpy  : Mach PDMS c6 mang nhiéu nhém chitc hydrogen
Hy,  : Mach PDMS chi mang 2 nhém chitc hydrogen & 2 diu mach

Véi:

Hai loai d6n da dudc si dung trong thi nghiém (cung c4p bdi hang Rhones — Poulenc - Phip):
- Silice, dién tich bé mét riéng 300 m*g: trong cdc hdn hgp PDMS silice, c4c mach PDMS s& bi hdp
phu trén bé mit hat don silice nhd tao cdc ciu n6i vat Iy, céc lién két hidro, gilta cdc nhém OH trén
mat silice va cdc nguyén ti oxygen clla mach PDMS. Chinh nhd tinh cha't nay silice 13 dén ting
cudng cho PDMS va lam gia ting d nhét cla hé 1&én mot cdch ddng k€ khi cho silice vaio PDMS.
Trong thi nghi€m, sif dung silice ch& tao bing phwong phép nhiét va dugc bi€n tinh nhim lam gidm db
hoat dong clia bé mit silice, Ngoai ra lugng silice sit dung ciing chi gidi han & 33% so v8i PDMS.
- Thach anh, dién tich bé mit riéng 3 m%g: 12 mot loai don khong ting cudng do tinh chi't b& mat rit
trd. Do d6, c6 thé dua ham lugng don 1&n rit cao (100 %) nhung khéng 1am ting dang k& d nhdt cia
hé (bdng 1). Tuy nhién do khdng c6 lién k&t v4i PDMS nén khi ham lugng don cao s& xuit hién sy sa
ldng cda thach anh trong hén hdp polymer.
Cdc thi nghi¢ém dugc ti€n hanh tai Phong thi nghiém Quang phé Vit 1y, Pai Hoc Tdng Hop Joseph
Fourier, Grenoble, Cong Hoa Phép.
3. Banludn

3.1. Pgng hgc qu4 trinh tao mang ngang

Khi dua dgn vao trong hén hgp polymer tuy theo ban chd't cia ddn c6 thé tén tai nhitng twong téc

vét 1y hodc hod hoc gilta mach polymer va hat dn, diéu d6 c6 thé€ dnh hudng d&n céc phin ¥ng héa
hoc ciia polymer nén.

D4 thi 1 va 2 duéi day thé hién do chuyén héa ¢,, cla nhém chitc hydrogen theo thdi gian tao
mang lu6i ngang ciia cdc hdn hgp nghién cifu, két qui thuc nghiém cho thiy, d6 chuyén héa theo thdi
gian hdu nhu khong thay ddi khi c6 mit ciia don trong hdn hgp phdn @ng. Nhw viy d6i véi PDMS,
vi€c thém silice va thach anh khong dnh hudng d&€n dong hoc ciia qué trinh tao mang ludi ngang, mic

dd sy hip thy cda PDMS trén bé mit hat silice di dugc khdng dinh trong cdc nghién cifu dugc cong
b6 [ 5].
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3.2. Quad trinh hinh thanh mang ludi

Duéi géc do dong héa hoc, do chuyén héa héa hoc khéng cho thdy su khdc biét trong qud trinh
tao mang ngang ciia cdc hdn hgp PDMS c6 hoic khong c6 don. Trdi lai, cdc ky thuat hdi phuc ti¥ hat
nhin (RMN) va do Iuu bién khi theo d&i qué trinh phén Wng da chi ra dnh hudng cla bin chdt va ham
lugng d6n sit dung trén viéc hinh thinh mang ludi luu héa ciia hén hgp.
Céc két qud thyc nghiém trinh bay trén dd thi 3 (Modun G’ theo thdi gian luu héa) va dd thi 4 (Thong
s& cfu tric . theo thdi gian luu héa) cho thiy:

- VG6i sy tham gia cGa don, qud trinh hinh thinh mang luéi (diém gel) x4y ra nhanh hon (d6 thi 3).
Theo 1y thuyét, su c6 mit cla cdc hat don trong hdn hdp phdn Gng 1am ting cdc trung tim hoat dong
6 ban chat vat Iy trong hé, dua dén chuyén dong cla cdc mach polymer s& kh6 khin hon va mang
1w6i hinh thanh ciing chat ché hon, k€t qud tinh chit dan hdi cla hé, ghi nhdn bdi G’ va y, s& ting

nhanh hon so vdi trudng hgp polymer khdng don.

- Silice v6i dién tich bé mit riéng 16n (300m?/g), va kha ning tao lién k&t hydro vdi cdc nhém chic
hydroxyl trén bé mat silice, da tao nén mot hén hop vit 1y ddng thé, chit ché. Piéu nay thé hién qua
bi€n thién thdng s6 cdu tric ), ghi nhin bdi RMN (d6 thi 4), cia hdn hgp PDMS - silice cao hon
hin hdn hgp PDMS khéng d(‘pn hoic dén thach anh. Nhu th€ c6 thé nhin xét ring ddn ting cudng d6i
v6i polymer viYa cdi thién cdu tric, viYa ting cirong tinh chét co 1y clia hdn hdp hinh thanh.

Trudng hgp cia thach anh, tuy c6 1am ting médun G’ va qud trinh hinh thinh mang luéi cé nhanh
hon, ty 18 theo ham lugng don dua vao (do thi 3), tuy nhién do bé mit hat don trd, khong c6 tudng tic
véi PDMS, nén dnh hudng thay ddi cdu tric ciia mang ludi khong déng k& so véi PDMS khong don
(48 thi 4). T hgp PDMS/thach anh tén tai nhu mdt hdn hgp di thé va khong &n dinh (hién tugng sa
14ng thach anh trudc khi luu héa - bing 1).

- C4 hai ky thudt RMN (. ) va do luu bi&n (G’) déu c6 thé sit dung dé theo ddi qud trinh hinh thinh

mang Iudi. Modun G’ ghi nhin tinh chit dong hoc cia hé théng, vi mo, trong khi d6 thdng s6 cdu tric
% nhay v6i chuyén dng clia doan mach, phin 4nh ciu tric mang 1u6i & dang kich thudc phén t, vi
mb. Pidu ndy cho thi'y déi v6i cing mot hdn hdp hai ky thudt s& bd sung nhau d€ md td m&i quan hé
ban chat giifa ciu tric va tinh chit ciia polymer luu héa c6 sif dung don.
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Qud trinh hinh thanh mang ludi luu héa ciia 3 mdu thi nghiém cé cing thanh phdn hda hoc
(Tyvi =1.3,p4 =0.72): PDMS khéng dg Z2 (o), PDMS ddn 33% silice Z3 (e), PDMS dén 100%

thach anh Z7 (#).
Do thi 3: Khdo sdt qua bién thién ciia médun Do thi 4 : Khdo sdt qua bién thién bién thién
dong G, ciia cdu triic mang i ..

3.3. Anh hudag ciia don

3.3.1. Anhhudng trén tinh chat dan héi ciia hdn hgp lvu héa

D0 thi 5 cho thdy, ty 1& v6i him lugng don dua vao mang ludi PDMS, di 12 dén ting cudng
hay don trd, modun dan hdi E va m6 dun dong G’ cla hén hdp tao thanh déu ting. Hiéu tng ting
cudng phu thudc vao khd ning twong tc giita hat don va polymer nén, khi khd ning tuong tic cang
cao thi hi€u Wng ting cudng cang 16n; diéu nay gidi thich hiéu ¢ng ting cudng trén PDMS cila silice
cao hon quartz dugc thé hién trén db thi 6.
Hiéu dng cda don lam ting mddun hén hop Iuu héa dude gidi thich dya vio viéc ting s6 lugng céc
diém tuong tdc vat 1y, c6 dd bén khac nhau, trong thé tich mang Iu6i, khién cho qud trinh truyén Iuc
tic dung trén toan thé tich nhanh hon. K&t qud cia qud trinh nay, polymer c6 don thé hién kha ning
khdng lyc tic dung ngoai, o dan héi cao han, E 16n hdn, so v8i polymer khéng c6 don.
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Do thi 5 : Bién thién ciia moédun E (o) va G’ (8) D4 thi 6 : Anh hudng gia cuimg ciia silice Y4 (o)
theo ham lugng djn thach anh, Y5 (33%) va Z7 va thach anh Y5 ()trén médun dan héi ciia ciing
(100%) logi PDMS nén (ty,y; =1.3,p,, =0.72)
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3.3.2. Anh hudng trén ciu triic mang luéi luvu héa
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D6 thj 7 : Anh hudng ciia bdn chdt va ham lugng djn, silice (ky higu den) va thach anh (ky hi¢u réng
trdng) trén cdu triic mang ludi thé hign qua thong s6’ cdu triic RMN ¢

Theo d8 thi 7, biu thi sy thay d&i cla cdu tric (théng s8 cu tric ) mang ludi PDMS luu héa khi

c6 ham lugng don, ting cudng (silice) hay trd (thach anh), ting din, nhin thiy :

- Trudng hgp PDMS ddn thach anh, ngay c4 khi ham lugng don 12 100%, thong s6 cdu tric cho thiy
khong c6 sy cdi thién ci'u tric vi md ciia cdc mach polymer, khong c6 tudng tdc gilta PDMS va thach
anh, mang Iugi khong chat ché hon, di médun cia hé c6 ting (d6 thi 5,6). Hé s ty 1& gilta thong s&
cdu tric ). va ham lugng thach anh dua vao 12 0,3.

- Trudng hgp PDMS don silice, nhd céc lién k&t hydro gilta cdc nhém OH trén bé mit silice va cdc
nguyén t oxygen trén mach PDMS, sy c¢6 mit cla silice dd 1am ting mat d6 mang ludi n8i ngang.
K&t qui, théng s& cdu tric ¥ ting 1én mét cdch ddng ké khi dua silice vao mang lugi luu héa cia
PDMS, ty 1& tiong ng gifa % va ham lugng don hic nay cao gip 10 lin so v6i trudng hgp don
quartz (3.5).
Céc két qué thuc nghiém ciing chi ra hiéu Wng gia cudng mang PDMS luu héa cia silice khong phu
thudc vao thanh phdn héa hoc clia mang ludi. N&u ta thém vao hai hdn hgp PDMS c6 ciing khéi
lugng phén tf trung binh nhung c6 thanh phin pha ch& khdc nhau, cing mot loai don silice, thi hiéu
Wing gia cudng mang luGi cla silice s& gidng nhau. Piéu ndy nhin thiy trén do thj 7, tir hai mang ludi
khéc nhau X2, X6, v6i cing loai d6n silice, thl hiéu ng gia cudng gidng nhau dua dén dudng biéu
dién théng s8 cdu tric ) theo ham lugng ddn song song nhau (c6 cing hé 8 géc).
Céc k&t qud cho thdy RMN la mdt cong cu chinh xdc m6 td dudc cdu tric cia mang hidi polymer
ngay c4 trong trudng hop c6 chifa don, tif d6 dénh gid dudc hi€u @ng that sy cia don 1€n mang ludi
luu héa.
3.4. Quan hé gii¥a théng s6 cfu tric vA mé dun dan héi
3.4.1. Mang ludi PDMS khéng dn
Do ¥, 1a thdng s§ thé hién cdu tric cia mang ludi ngang clia PDMS do d6 theo 1y thuyét, . s& cé
m®&i quan hé tuy&n tinh véi c4c tinh chat dan hdi vi md ciia hé nhu mbdun dan hdi E, médun dong G’
va ngay ci dd cltng bé mit Shore A.
Trong d8 thj 8, cic miu PDMS khéng c6 don da th€ hién mdi quan hé tuyén tinh gita y, - E va c6
dang : é
Xc =Xc +0E

Diu d6 c6 nghia ngay khi E = 0, mang lu6i ngang chua hinh thanh, thi ), vin c6 mét gid tri nhat
dinh 1a %2. %% twong dng véi cfu triic cy thé cla hé truc khi tao thanh mang Iusi, gid tri xo thé
hién chﬁ y&u tudng téc vt 19 va mic mubu vét 1y giita cdc mach polymcr khi chua n6i mang ngang.
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D0 thi 8 : Biéu dién moi quan h¢ tuyén tinh gida E - . cho cdc mdu PDMS luu héa khdng cé don. Quan hé
nay chua thé dp dung cho cdc mdu PDMS luu héa cé don : Y3, Y4, Y5, Z3, Z7.

Tuy nhién trong d6 thi 8, cic miu don khong tudn theo quy luit cila m&i quan hé gitta y, - E ciia
PDMS khong c6 don.

3.4.2. Mang ludi PDMS cé6 djn
D4 thi 9, thé hién mdi quan hé gilta - E ciia toan bd cdc mdu PDMS Ivu héa nghién cifu ti khong
chifa don d€n miu c6 don. Lan lugt xdc nhin c6 4 m8i quan hé gita y_ - E khédc nhau, biéu thj bing
4 dudng bi€u di€n trén d thi, tuy theo céc thinh phin cu thé titng mang Iu6i luu héa:
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D6 thi 9 : Quan h¢ giita cdu tric mang ludi . va mé dun dan hdi E ciia cdc mu:
(0)PDMS khéng djn, (1) PDMS ddn thach anh, (e) PDMS dén silice

- Pudng biéu di&n (1) thé hién mdi quan hé x, - E clia cic miu PDMS lwu héa khdng c6 don nhy da
trinh bay & trén (3.4.1).

- Pudng biéu di&n (2) thé hién m&i quan hé ¥, - E clia cdc miu PDMS luwu héa c6 don thach anh.
Trong thi nghiém, cic mau don thach anh c6 PDMS nén tit miu X6 (1y,y; =1.3,p, =0.72). Theo
dudng bi€u di&n (2) ta nhin thdy do 12 don trd, nén 1:8n hgp luwu héa c6 chira thach anh cé thé dat gid
tri mddun dan hdi E khé4 16n tdy theo ham lwgng don, tuy nhién cdu tric mang 1u6i (%) hdu nhy thay
ddi khong bao nhiéu.
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- Pudng biéu di&n (3) thé hién mdi quan h¢ j, - E cla cdc mAu PDMS hru héa cé don silice tir hdn
hop nén 1a X6 (1,,y; =1.3,py =0.72) nhu c4c miu don thach anh. Péi vdi cdc miu PDMS luu héa

nay, di ham luong silice don khong cao (33%) nhung di 1am thay ddi ro nét tinh chit cla mang lu6i
t md dun dan héi E dén cdu tric cla hé, ¥, .

- Duding biéu di&n (4) thé hién mdi quan hé¢ y, - E clia cdc mdu PDMS luu héa c6 don silice nhu
dudng biéu di&n (3), tuy nhién & day hdn hgp PDMS nén c6 mit do ndi ngang cao hon (y, Yo 06.);s
hdn hgp X2 (Ty,y; =1.3,p4 =1).

Cic thi nghiém trén dugc 1ap lai véi md dun ddng G’ va db thi bi€u dién m&i quan hé -G’ cho cdc
k&t qué tuong ty nhw m&i quan hé y, -E.

TiY cic k&t qua trén c6 thé ritra :

- P&i véi céc cdc madu PDMS luu héa cé d6n, ciu triic mang Iu6i va tinh chd't dan hdi phét trién trén
nén miu PDMS Iuu héa khong don nhung cé ciing thanh phin héa hoc.

- Céc tinh chi't cd 1§ vi m6 nhu mbdun dan hdi E, médun dong G’ hay do cing Shore A khong thé
phdn dnh dugc chinh xdc cdu tric mang ludi cdc polymer Iuu héa c6 don, dic biét trong trudng hgp
cdc don ting cudng.

Cu thé trén d thi 9, vdi cic mAu PDMS lwu héa c6 cing modt gid tri mddun dan hdi E nhu nhau,
nhung cdu tric mang ludi cdia ching rdt khdc nhau tuy thudc vao ham cla don cling nhy sy tuong tic
gilta don va mang ludi PDMS.

4. K&t ludn

Tir céc k&t qua thi nghiém ta c6 thé rit ra hai két ludn cd ban:

- Cic hén hgp PDMS c6 chita don thi ¢6 dd nhét cao hon PDMS khong don, nhit 1A khi don ting
cudng. Pitng vé& phudng dién phén ng tao ndi ngang, hdu nhu cdc loai don s dung, silice va thach
anh, khong dnh hudng dén vén téc phdn ing héa hoc, nhung c6 tdc dong dén viéc hinh thanh mang
1u6i nhanh hon, ghi nhin qua bi€n thién mddun dong G’, so vdi trudng hgp polymer khong don.

- Chi't dén ci thién 1o cdc tinh chit dan hdi, cd Iy cla mang ltdi PDMS luu hod. Nhitng tinh chat
chung nay (mddun dan hdi E, médun dong G’) thi quan hé tuyén tinh véi ciu tric mang ludi luu héa
thé hién bdi théng s6 cdu tricy, , khdo sat bdi hdi phyc tit hat nhin (RMN). Tinh chit ndy ding cho
mang l¢di PDMS c6 hay khéng c6 don, trén nguyén tdc tinh chit ciia hén hgp PDMS c6 don dudc xdc
dinh tir hdn hgp khong don c6 ciing thanh phin héa hoc.

Lai cdm on : Tdc gid chdn thanh cdm on Trung tdm nghién citu Rhdnes- Poulenc — Saint Fonts, Phdp,
da cung cdp nhitng mdu thi nghigm (PDMS, silice va thach anh) va Phong thi nghiém Quang phd vt
1, Pai hoc Téng Hop Joseph Fourier, Grenoble, Phdp da tao diéu ki¢n dé tién hanh nghién citu nay.

INFLUENCE OF THE FILLER, SILICE AND QUARTZ ON THE STRUCTURE AND
ELASTIC MODULUS OF PDMS VULCANIZATED NETWORK

Phan Thanh Binh

ABSTRACT: The article presents the study results on the PDMS network vulcanizated with the

filler, silice and quartz, by the differents techniques as strain, rheologie and Relaxation Magnetic

Nuclear (RMN). The results dedicate the relation between the PDMS’s structure, detected by RMN and

"the elastic properties. Particularly, on the vulcanizated filled network, these spieces can have a same

elastic modulus but different structures of networks, depending on the nature and the interaction
between the PDMS molecule and the filler.
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