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TOM TAT: Qua nghién citu qud trinh dong mach ciia PDMS, phuong phdp do hoi
phuc tit hat nhdn (RMN) ching t6 la m{t ky thudt ¢o do nhay va chinh xdc cao co thé phdn
dnh cdu triic ciia hé tit trang thdi sol dén khi mang ludi da hoan thanh, ngay cd trong viing
gidi han ddi voi phuong phdp do luu bién nhu trudc diém gel va sau khi mang ludi hinh
thanh.

I. Pit van dé

Theo ly thuyét, trong qud trinh tao mang ngang cuia cdc polymer tai do chuyén héa tdi han
p = pe, mang luGi bt ddu duge hinh thanh. Qud trinh nay da dugc nghién ciu va nhin bi€t qua
nghién cifu bién thién luu bién clia hé phan ng trong qud trinh ndi mang [2]. Tuy nhién do
Iuu bi€n phan dnh tinh chat cd hoc clia cdc mach polymer & tinh chit vi md, do d6 luu bién chi
nhay v ting dot bién theo quy ludt ham mi khi mang 1ui da bdt ddu hinh thanh, d§ chuyén
héa p > pe. Trong khi d6 thuc t& tit trudc khi bit ddu tao mang, gel p < pe, thi trong hén hgp
phén ing da xudt hién cdc mang cuc bd gdm cdc mach polymer ndi két vdi nhau, nhung chua
hinh thanh mang khong gian. D€ c6 thé khio sdt rd nét qud trinh hinh thanh mang ludi chung
quanh diém gel p., dé tai da st dung phwong phdp héi phuc tif hat nhin (relaxation
magnétique nucléaire — RMN) dé khdo sit qud trinh tao mang ngang cua
polydiméthylsiloxane (PDMS).

I1. Thi nghiém
IL.1. Pon pha ché

Polydiméthylsiloxane (PDMS), tao mang lién két ngang theo cd ché€ phdn dng cdng
(phdn ttng hydrosylation, Sommer va Pietrusza, 1947) giifa cic nhom Vinyl va Hydro dugc
mang bdi cdc mach PDMS:

=Si-H + CH,=CH-Si=  — =Si-CH,-CH,-Si=

Phédn tng dugc ti€n hanh § nhiét do thudng véi xic tdc 1a platin (cloroplatinique).

Trong dé tai, cic mach PDMS mang cdc nhém vinyl dugc ky hiéu 1a Si-Vi, cdc mach PDMS
mang cdc nhém hydrogen dugc ky hiéu la Si-H. Cdc loai mach PDMS nghién citu:
CHj [ cHy 1cH

1.Si-Vi: o, divinyl PDMS (Mn = 10.000): HaC= c"_?'n_ot_z;—of—i:_ CH=Cll
3 3 3

CHy  [H 11 cHy 1 chy
H—sa—ole—Loi—s.—ol—s.—u

2. 51-H*: Hydrogeno PDMS (Mn = 10.000):
s ) ey lems) | oomy | cmg
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CHg [ CH, 1CH3
H—-§l-—o!-—sl——0l-§i—ﬂ

3. Si-H: a,0 dihydrogeno PDMS (Mn = 1.000): o [ - J o
3 3 1, CHs

Goi:
- Twvi:  hé 80ty lugng, 1a ty 18 s6 nhém chiic hydrogen trén s6 nhém chic vinyl ¢6 trong hén
hgp phdn ing:

H

T
H/VIi — Z[vlny]]
-pu: 1y 1€ ban dau cta s6 nhém chic H thude cdc mach Si-H * da chic trén t6ng s6 nhém
chifc H ¢6 trong hon hgp phén ting:
Z [H poly ]

Z I.HPOIy J+ Z Hum]

. D& tai khdo st 4nh hudng ciia hé s6 ty lugng T (1 va 1.3) vaty 1€ pu (0.45,0.72, 1) Ién
qud trinh tao mang ngang cia hé.

Céc thi nghlcm dudc ti€n hanh theo don pha ch& nhu trong bang 1 dudi day (ky hiéu theo noi
cung cip nguyén liéu):

TT Thi nghiém Epovs P Mn Si-Vi (g/mol)
1 X1 1 1 10.000
2 X3 1 0,45 10.000
3 X5 1 072 | 10.000
4 X2 1,3 1 10.000
5 X4 1,3 0,45 10.000
6 X6 1.3 0,72 10.000
7 Y1 1,6 1 10.000

Bdng 1: Pon pha ché cdc hén hgp PDMS khdo sdt

Trong céc thi nghiém xiic tdc sit dung 12 15 ppm/ kg PDMS, va chat tic ch€ phan ng 13 85
ppm/kg PDMS. Cédc nguyén ligu thi nghiém dudc cung cap bdi cong ty Rhéne Poulenc dudi
dang PDMS 2 thanh phan A va B:

A: Cdc PDMS Si-Vico chl’ra xtc tdc va chit iic ch&
B: Cac PDMS Si-H

Khi tié€n hanh thi nghiém ta tron 2 thanh phdn A va B theo khéi lugng tudng iing hé s6 ty
lugng nghién ciu.

I1.2. Ky thudt khdo sdt _
Phuong phép dugc sit dung trong dé tai 1a do hdi phuc tir hat nhin cda hé nghién cy.
Trong mot hé polyme, tong tiY trudng clia cdc proton dugc mang trén céc mach polymer sé
© tao nén mat 1 trudng riéng cla hé, dudi tic ddng ciia tir trudng ngoadi duge dp dit vao véi tin
s6 dao dong Lamor, ti¥ trudng hé nghién ciu s& ¢6 mot dao dong riéng tuong wng, khi tdt tir
trudng ngoai, dao dong ciia hé s& thé hién sy hdi phuc ti hat nhan dé trd vé trang théi can
bing nhiét ddng ban ddu. Ty theo dd linh ddng ciia proton trong mang, phu thudc vao trang
thdi n8i mang ngang, dudng biéu di&n hdi phuc ti¥ hat nhan RMN cia hé s& khéc nhau.
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Trong qué trinh tao mang 1u6i, do linh dong cdc mach polymer gidm dan, diéu nay dudc ghi
nhin bdi RMN qua sy gia ting tuong tdc cda cdc proton trén cdc doan mach do viéc tao
thanh c4c nit mang. Nhu thé twong ¥ng véi mot thdi diém cu thé clia phén iing héa hoc, ta ¢6
thé do dugc mdt dudng cong bi€u dién hdi phuc tir hat nhin cda tdp cac proton trong hé. Qud
trinh phan Wng cho phép ghi nhin dugc cdc dudng hoi phuc tit hat nhan khic nhau theo thdi
gian phdn dng 6: Mx(t, 0), cang v& sau, mang luGi cang day dic thi dudng hoi phuc tir hat
nhéin cang ngdn (d6 thi 1)

, thel gian (ms)

D6 thi 1: Thay ddi van téc hdi phuc tit hat nhdn theo thdi gian phdn ing noi mang
5ph  (e) 90 ph (o)
30ph (o) 120ph (A)
60ph (¢) 360 ph (W)

Theo Cohen Addad [4], phuong trinh t8ng quat cia hoi phuc tif hat nhin cdc hé gel polymer
c6 dang:

MR (1) = [dL; [drym, (65 L)Ly /e o /60))

Trong do:
G(rij/Q(Lu)): phudng trinh phin bd vectd dau cudi dic trung doan mach polymer ¢6 kich
thudc Lij.

L(L;/Lc): phuong trinh phan b6 cdc ti€u viing mang c6 chiéu dai Lij, rdng Lc

Sy thay d8i tinh chit cia gel polymer phy thudc vao sy thay doi kich thudc cla doan mach
hay ciia tiu viing mang hay cla cé hai cing mdt lic.

Lin lugt 14y tich phan cla phuong trinh biéu dién dudng héi phuc tif hat nhin theo thdi gian
hdi phuc, ta c6:

Véi: A: dic trung do ciing mach polymer (phu thudc ban chit mach phan tf)
Ag: thé hién tuong tac riéng cla spin — spin k&t qua clia tuong téc ludng cuc ton tai
trén mach polymer.
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€,’a’: thé hién hiing s6 thdi gian clia qud trinh hdi phuc va phu thudc vio mang Iudi luu
héa, d6 dai doan mach (C(L;)).

Tir cic k&t qud rén y, dugc goi la thong s6 cdu triic RMN va ty 18 véi nghich ddo chiéu dai
L) 2 - ] £t A " - ar s A7 . L]
doan mach N cia mang ludi luu héa: . OCW v@i v hé s6 thé tich trong chi€m gilt cla

mach polymer [8].

Céc thi nghiém do hdi phuc tir hat nhan dudc ti€n hanh trén mdy RMN Brucker CXP 90 ciia
hang Brucker, hoat dong & tan s 45 Mhz. Cdc mAu thit dudi dang 18ng, nhét hoidc rin (luu
héa) dugc do trong cdc 6ng thly tinh kich thudc 0.8 mm.

Cic thi nghiém dudc ti€n hanh tai Phong thi nghiém Quang phd Vit 1y, Pai Hoc Téng Hop
Joseph Fourier, Grenoble, Céng Hoa Phadp.

I11. K&t qua va ban luan
HI.1. Qud trinh hinh thanh mang lidi

Theo thdi gian phdn iing ndi mang, cdc doan mach lién k€t va ndi thanh mang ludi
khong gian. Tuong ng v6i qud trinh ndi mang, tir cdc dudng hdi phuc tir hat nhan, xdc dinh
bi€n thién cia thong s8 cdu tric x, theo thdi gian phdn tng ¥ (6). Pudng biéu dién nay
%.(0) phdn dnh truc ti€p qud trinh tao mang polymer qua sy gia ting twong tic ludng cuc clia

cdc proton dugc mang trén cdc doan mach cling nhu gin niit mang trong qua trinh ndi mach.

(do thi 2) L o e L e B i R e e
C a ]
+ ® Khic/To=1,Rho=1 .
250 o . ]+
a u
- . -{ 0.1
200 r u ]
5 i
= 2 4 008 o
= " . s
150 |- B R =
- 1 S
-1 006 &
100 F a ]
" -1 0,04
50 | O G'(MPa)To=1:Rho=1] ;oo
0 PR VOO SO T3 I T SR I W0, OO U1
100 150 200 250

Thei gian (ph)
D6 thi 2: Qud trinh hinh thanh mang luéi ciia mdu X1 (t,,, =1,p, =1) theo bién thién théng
s6 cdu triic RMN vy (®) va médun djpng G’ (D).

So sénh bi€n thién cla thdng sd ciu tric RMN y_ vdi bi€n thién cia médun déng G’, do trén
Iuu bi€n k€ CARIMED CSL 500, d6 thi 2, theo thdi gian phdn @ng nhan thdy c4 hai phuong
phdp déu cho mot k&t qud dong dang phdn dnh qud trinh hinh thinh mang ludi cia PDMS.
Tuy nhién di€u cin chd y 1a d&i v6i phuong phdp RMN, v6i d6 nhay & cap doan mach da cho

-nhitng théng tin trudc khi xud't hién diém gel. Trong khi d6, luu bién chi ting ddt ngdt sau khi
mang 1uGi bdt ddu hinh thanh, trude di€m gel, hdu nhuy mddun G’ bing khong.
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I1I1.2. Anh huéng ciia thanh phén héa hoc cdu triic ciia cdc mach PDMS

LAn luot nghién cifu bién thién cda ¥, theo thdi gian phdn ng cla cdc phdn ng tao
mang ndi ngang clia PDMS, theo sy thay ddi cda hé s6 ty lugng t,,,, va ty 1& mach ngén
dihydrogeno PDMS p,,, ta ¢6 do thi 3, 4, 5:

0.3 T T T T U B S B (R T . T B T S
r ] F ® Rho=1
@ ® Rho =1 @ I O  Rho=0.72 ® ® ]
a,88 o Rho-072 « ° | 04 o RNo-0.45 ve ° = ]
L ® fRho =045 - 1 * J
oz [ -] r o o ]
L o 8 o o o o 1 oal G o o ]
a F 3 ]
x, (ms) o @ 1 Lo ° B
- N 1 (ms™y | et * .
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Bién thién v, theo thoi gian phdn iing ciia cdc mdu cé py lan lugt la 1, 0.72, 0.45.

A . . ~ A LD A . . S A" 9
Do thi 3: Khi hé s6 ty lugng ty,y,= 1 D6 thi 4: Khi hé sé'ty luong t,y;= 1.3
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Bién thién y, va G’ theo thoi gian phdn iing tao mang ludi

cdc mlu ¢é py =1va 1,y thay ddi lan lugt la 1, 1.3, 1.6.
D& thi 5: bién thién ciia thong s6 cdu triic ¥, D6 thi 6: bién thién cia médun djng G’.
Qua d3 thi nhan thdy 4nh hudng cda thanh phin héa hoc va cau tric cgc mach polymer 1én
vin t6c phan ng tinh chdt mang luGi hinh thanh rdt rd nét:

- Khi ty 1& cdc mach nhd o, dihydrogeno PDMS (Mn = 1.000) tang, p, gidm tir 1 dé€n
0.45, thi van t6c phan ing ting nhung tinh chit co 1y gidm (d6 thi 3, 4).

- Khi hé s8 ty lugng T,,y; tAng tif 1 d&n 1.6 thi tinh chit mang 1udi ting nhanh theo do
chuy&n héa héa hoc, trong khi cdc khdo sdt bing IRTF cho thdy si thay ddi he 5o ty
lugng 1,,,y;khong lam ting vén t6¢c phan ng héa hoc [2]. Tuy nhién tinh chit cd 1y
ctia mang 1udi chi ting dén mot gid tri 81 wu (Ty,y;~ 1.3) va c6 khuynh hudng gidm
khi hé s8 ty lugng cao hon (d thi 5).
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Cidc k€t qud cho thiy c6 su dong dang trong cdc dd thi bi€u di€n bi&n thién théng s6 ciu triic
X. va md dun dong G’ theo thdi gian phdn @ng, d6 thi 5 va 6, di€u dé chitng té c3 hai k¥
thudt da ghi nhan ding cing mdt qud trinh ndi mang ngang cda PDMS. Tuy nhién do RMN
nhay hon sy theo ddi G’ nén RMN c¢6 thé ghi nhan mot s6 hién twgng ma G’ khong thé hién
dudgc:
- Su phit trién cdc viing gel héa trudc khi xuit hién mang ludi (G’ =0)
- Trong cdc phan ting dong ty lugng (y,= 1) khi thay d&i ham lugng cdc mach ngdn thi
t3c d6 hinh thanh mang 1u8i clia cic hén hdp cé thay d6i, ghi nhdn bdi d8 thi bifu
dién 3. Piéu nay khoéng phat hién dudc bdi luu bién k&, G'.

IT1.3. Quan h¢ giita RMN va luu bién

Theo qud trinh phén ¥ng n&i mach, k& tir khi mang 1u6i bit ddu dudc hinh thanh, diém
gel, thi mddun clia hé gel G’ xudt hién, va G’ s& phdt trién tuyén tinh vdi su hoan thién cla
mang ludi. Trong khi d6 v6i RMN ta c6 thé theo ddi mdt cdch chinh xdc dd linh déng cla céc
proton trong mach polymer trong sudt thdi gian phan ing tao mang X3y ra.
T hai dinh nghia trén thé hién.m&i quan hé giita RMN va luu bién:

0,5
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D6 thi 7: Quan hé giita %c(0)—G'(0) ciia cdc mdu phdn ving thi nghiém
Khi ti€n hanh x4y dung méi quan hé gita y.(6)—G'(8) cda cd 7 miu nghién cifu trong qué

trinh n6i mang ciing nhu khi gel da hinh thanh, k&t qué cho thay cdc du’dng biéu di&n cda cdc
don pha ch& déu chdng 1&n nhau va tuin theo mdt quy luat:

%c(0)=0.056+0.14.107°G'(8)

Tong quit m&i quan hé y(6)-G'(8) c6 dang:  y. =2 +psG’

Trong cdc miu nghién cifu, thdng s cdu triic RMN y, ¢6 quan hé tuyén tinh nhung khéng ty

16 véi G,

Gin diém gel, G’ hdu nhu bing khdng, lic d6 ¥, c6 gid tri xo phdn 4nh cdc ciu tric cla hé
. truc khi hinh thanh gel, tinh chit ndy phu thudc vao cdc doan mach (vit 1y hay héa hoc) va

thy thudc vao bdn chit cia polymer.

Céc k€t qué ciing cho thiy G’ chi nhay trong qud trinh tao gel, khi p <p. thi G’ = 0, khi mang

Iu6i gan hoan thanh thi G’ ¢6 gid tri 1a hiing s6 (d6 thi 7). Trong khi d6 y, r4t nhay véi d6

linh ddng cla doan mach t trang thdi sol d&€n khi hoAn thinh mang ludi.
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IV. K&t ludn

Hdi phuc tir hat nhan RMN vdi d6 nhay & cép doan mach 12 mét ky thudt danh gid dugc

trang thdi va cdu tric clia mang udi polymer mét cdch chinh xdc. Cdc két qué cho thdy, qua
thong s8 cau triic RMN y, ¢6 thé theo doi qud trinh phén ting héa hoc cling nhu qud trinh

hinh thanh mang ldi, cdc k&t qud nhin chung gan véi phuong phdp do Iuu bién. Tuy nhién
v6i do nhay cia phudng phap, k¥ thudt RMN c6 thé nhan biét trang thdi cla hé nghién ciiu
ngay trudc khi tao gel va ca khi mang 1u6i gin nhy hoan thanh d6 12 nhitng ving ma lwu bién

khé xdc dinh. N6i cdch khdc y, va G’ 1a hai thong s dic trung cho cdu triic cla polymer, G’ |

& nhitng khdo sdt vi md va y, & mic do vi md. Cdc két qud cda y, c6 quan hé tuyén tinh véi
G’ k€ tir khi mang Iu6i bat ddu hinh thanh.
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STUDY OF THE NETWORK FORMATION OF POLYDIMETHYL

SILOXANE (PDMS) BY NUCLEAR MAGNETIC RELAXATION (NMR)

Phan Thanh Binh

ABSTRACT: The network formation of PDMS had examined by NMR, defined by the
parameter of structure NMR . The results show that NMR is the sensible and accurate

technique for examination of the structure of polymer even on the case limited by
rheometer such as the sol and the definite gel.
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