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Summary

Rheological study was performed using a cone-and-plate geometry (4 cm, 49 to monitor the
consistency of polysorbate 80 — fatty alcohol — water ternary systems aged for 2 months at ambient
temperature. All the systems were shear-thinning and their flow curves well fitted to the power law
model (R? > 0.9). Their apparent viscosity (calculated at 100 s”) initially increased over the first week
after preparation, followed by slight changes on further storage. Discrete retardation spectra from
creep data was calculated, suggesting that creep compliance of all the systems could be at least
represented by a six-element generalized Kelvin-Voigt model (R? > 0.8). During storage time, all the
systems had predominant elastic behavior (G'/G’ < 1) and the viscous component built up more
quickly than the elastic one (tan ¢ increased). Moreover, the cetostearyl alcohol system exhibited the

highest viscoelastic creep behavior; whereas the cetyl alcohol system was physically unstable.
Keywords: Rheology, ternary system, polysorbate, fatty alcohol, flow curve, oscillation, creep

and recovery, viscoelasticity.

Pat van dé

Trong linh vire dwoc va my phdm, nhii twong
va cac hé phan tan khéng chira dau hay dwoc st
dung dé diéu tri cac bénh ngoai da va lam dep .
Cac san phdm nay dwoc mo ta la siva dudng
(lotion) hodc dau xoa (liniment) va kem (cream).
Vé cu truc, ching cé thé chat 16ng hodc ban ran
trong thanh phan cé chra chét dién hoat. Cac
loai ché phdm ban rén chi yéu la kem boi da
thwéng 1a: nhii twong dang dau trong nuéc (kem
than nwéc) hodc nhii twong nwéc trong dau (kem
than dau) va moét sd loai chat mang khac
(vehicle) co thé thoa dwoc 1&n da.

Trong linh vwc bao ché, kem bdi da c6 chira
cac chat dién hoat khdng ion ¢é wu diém ndi bat:
khéng gay kich ng da va phu hop véi nhiéu
loai dwoc chat. Polysorbate (tén thwong mai
Tween) l& mo6t nhém chat dién hoat
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da dwoc nghién ciru nhiéu trong bao ché thuéc
dung ngoai da &3,

Nghién clru nay dwoc tién hanh nhadm danh
gia dd 6n dinh vat ly trong qua trinh bao quan
clia hé ba thanh phan polysorbat 80 — alcol béo
— nwéc bang cac ky thuat do lwu bién: trwot lién

tuc (continuous shear flow), dao ddng
(oscillation), ddo va héi phuc (creep and
recovery).

Nguyén liéu va phwong phap

nghién clru

Coéng thirc va phwong phap bao ché
hé ba thanh phan

Alcol béo (cetyl va stearyl) va chét dién hoat
khéng ion (polysorbat 80) dwoc Croda
(Singapore) cung cip. Hé ba thanh phan “chét
dién hoat — alcol béo — nwéc” (bang 1) dwoc
diéu ché khi thém dan hén hop néng chay (alcol
béo va chat dién hoat) vao nuwéc & 70°C, c6
khudy tron trong 10 phat bang may Overhead
Stirrer (VELP Scientifica, Mi) véi tbc dd 700
vong/phut; tiép tuc khudy tron véi tbe do 300
vong/phut cho dén khi hé dat nhiét d6 phong.
MAau kem boéi da duwoc diéu ché c6 mau trang
sang, thé chat ban ran.
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Bang 1. Thanh phén ctia hé ba thanh phéan
“chét dién hoat — alcol béo — nwéc”

o ria Khéi Iwong (g)
Nguyénlieu  —scig 7scsa  71s5C16
Polysorbat 80 4 4 4
Cetyl alcohol 0 8 16

Stearyl alcohol 16 8 0
Nuéc cét hai lan 180 180 180
Tong 200 200 200

Lwa chon théng sé do lwu bién

Tién hanh do mau v&i hé cdm ng nén-dia
(cone 4 cm, 4°) & nhiét dd 25°C bang may do
lwu bién Discovery Hybrid Rheometer (TA
Instruments, Anh). Vé&i ky thuat do trwot lién tuc
(continuous shear flow), mau chiu tac déng cla
(ng suét trwot (shear stress) khi thay ddi tbc do
trwot (shear rate) tir 0,3 dén 100 s™' trong hai
chu ky lién tiép (tdng va gidm téc do trwot). Hai
yéu td lan lvot dwoc khao sat la lwong mau va
thoi gian do ctia mot chu ki. Théi gian can bang
la 3 phat (mau dwoc dé yén truwéc khi phép do
bat dau). V&i phép do ddo va hdi phuc, dé xac
dinh vuing tuyén tinh nhét-dan hdi mau duoc do
dao trong 5 phut véi (’ng suét trong khoang 0,5
— 9 Pa. Néu dap tng tuyén tinh dwoc duy tri
trong khoang thei gian ngén nay, cac mau duoc
do dao v&i (rng suét hang dinh 13 1 Pa trong
1 gi& va do hdi phuc trong 1 gi¢r (sau khi da loai
bd ng sudt) dé kiém tra lai vung tuyén tinh
nhét-dan héi. Véi phép do dao dong, dé xac
dinh vuing tuyén tinh nhét-dan hdi mau duoc do
tai mot sb tan sé trong khoang 1 dén 10 Hz khi
&ng suat dwoc quét trong khoang 0,1 - 100 Pa.
ng suét 5 Pa dwoc chon cho ché do do quét
tan sb trong khoang 0,01 — 10 Hz. M&i mau
dwoc do lap lai 3 1an trong thdi gian 2 thang
dwoc bao quan & nhiét do phong (RSD < 3%).

Két qua va ban luan

Khao sat anh hwéng cia lwong mau va
th&i gian dén ky thuat do trrot cac mau kem

Khao sat anh hwéng cla lwong mau (viva da,
thiéu hodc dw khodng 20%) va thoi gian do méi
chu ky (50 — 300 s) dén ky thuat do trwot lién tuc

v&i cac mau kem. Két qua cho thay duwéng cong
chay c6 dd 1ap tét (RSD < 3%, n = 5) khi lwong
mau vira du 1a 1,4 mL (st dung xi-lanh nhwa
dung tich 10 mL dwoc cét cut ngang phan dau
dé nap mau). Thay déi thdi gian do ctia méi chu
ky khéng lam thay dbi dang ké dién tich cua
dwdng cong chay. Tuy nhién, khi thoi gian do
clia chu ky 1a 300 giay sb cac gia tri (’ng suét do
dwoc la 1én nhéat (gan 600 gia tri).

Hinh 1 va 2 biéu dién duwdng cong chay (flow
curve) clia cac mau kem ngay sau khi bao ché
va sau 2 thang bao quan & nhiét do phong. Cac
dwong cong chdy déu cé dang vong tré
(hysteresis loop) nguoc chiéu kim dong hé
(duang tang téc do trwot & bén tay phai duo’ng
glam tbc do truat) Diéu nay chirng té cac mau
déu co tinh chéat xuc bién (thixotropy): glam (o[o]
nhot khi tdng tbe do trwot va phuc héi cu truc
khi tbc do trwot gidm (con duoc goi la sy chay
Idng - chuyén trang thai tir gel sang sol). O trang
thai nghi, cac phan ti& trong hé lién két véi nhau
nhd céc lwc lién két yéu nhu hydro, Van der
Waals. Vi cAu tric cta hé bj thay dbi khi nhirng
lién két nay dé& dang bi pha v& khi tang téc do
trwot va dwoc tai thiét 1ap khi giam téc do truot.
Tuy nhién, hé khong tré lai trang thai ban dau
(dwoc thé hién qua sw khac biét chia cac gia tri
&ng suét trwot twong ng & chu ky tang va
giam tbc do trwot). Nhin chung, hau hét cac
dudng cong chdy cla cac mau cé thé duoc
biéu dién b&ng méd hinh luat Iy thiva (power law
model) ¢ = k.7 " (trong dé: o 1a d6 nhét, k 1a
hang sb twong (rng v&i do nhotdo tai 157, 7 1a
téc do trwot, n la sd mi) voi R > 0,90 (vi du:
bang 1). Bién thién gia tri cia do nhét nhét biéu
kién (tai téc do trwot 100 s™') va diém khéi lwu
(vield stress) cla cac mau kem theo thoi gian
bdo quan dwoc trinh bay Ian lwot & hinh 3 va 4.
Sau khi bao ché, d6 nhét clia cac mau kem téng
manh trong tudn d3u tién (TSC18 va TSC16)
hoac trong thang dau tién (TSCSA) va gidm dan
trong qua trinh bao quan tiép theo.
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Diém khai hr (Pa)
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Hinh 4. Bién thién gia tri diém khdi ey cia cac mau kem theo thoi gian

Bang 1. Phuong trinh biéu dién
duong cong chay cua cac mau kem
ngay sau khi bao ché theo mé hinh luét Idy thira

Phwong trinh (R’)

Mau Tang toc do truot Giam toc do trwot
rscsa O 178121x 7 0448 5 =7,8545 x y *01
(0,999) (0,999)
rscrg © = 19:2084x y %% 5=5,0703 x y %%
(0,989) (0,996)
rscie O = 187862 7 OB 5=1,9877 x y 0%
(0,595) (0,935)

Lwa chon théng s6 do lwu bién

Két qua phép do d&o trong khodng thoi gian
ngan (5 phat) cho thay viing tuyén tinh nhét-dan
hoi (viscoelastic linear region) cta phép do nay
c6 thé dwoc ddm bao véi ring suét 0,5 — 8 Pa
(vi du: hinh 5 A va B, bang 2). Do vay, (rng suét
1 Pa dwoc chon cho phép do ddo cua cac hé
TSCSA va TSC18 trong khoang th&i gian bao
quan tir 1 tudn dén 2 thang (hinh 6). Nguoc lai,
két qua thwc nghiém khong xac dinh dwoc ré
rang khodng (rng suat ddm bao tinh tuyén tinh
cho phép do dao voi hé TSC16 dwoc bdo quan
sau 1 thang.

Theo Iy thuyét, mé hinh mé phdng cac chéat
nhét-dan hdi (nhw kem bdi da) 1a sw két hop
clia cac don vi Maxwell va Kelvin-Voigt. Buwong
cong tinh thuan dao — thdi gian cé thé biéu dién
bang phwong trinh sau:

=Jo+ Y J(1—e" ) +1/m,(1)
i=1
Trong do: J la té’,ng tinh thuan dao tai thoi
diém t; Jo la hang soé (tinh thuan truot con dw -
residual shear conpliance); J; la tinh thuan truot

J (1)

ctia phéan dan héi cua don vj Voigt thir i; 7 1a thoi
gian tré cta don vi Voigt the i; no la d6 nhét
trirot con dw (residual shear viscosity). Cac hang
s trong phuong trinh (1) c6 thé dugc xéac dinh
bang phuong phéap dé thi do Inokuchi dé xuét &)

Bang 3 trinh bay di liéu truy suét tir két qua
phan tich “phd tré gian doan” (discrete
retardation spectrum) s dung phan mém
TRIOS (TA Instruments, Anh) cho dwdng cong
dao — thoi gian cha cac mau thi trong khi bao
quén 2 thang. Két qua cho thay c6 thé str dung
6 — 7 don vj V0|<2:;t dé mod phéng cac mau duoc
khao sat voi R® > 0,8. V&i mau TSCSA va
TSC18, dd nhét ng (co thé tinh bang nghich dao
ctia d6 déc cia dwong thang biéu dién méi quan
hé tuyen tinh “logarithm ty nhién cda Jc — thoi
gian”), dd dan héi J; ctia cac don vi Voigt va Je
(c6 thé tinh bang cach ngoai suy dé c6 dwoc gia
tri 15(0)*?)) ting dang ké trong thoi gian bao quan
ty 1 tudn dén 2 thang. Diéu nay chirng té do
virtng chac (consistency) cla hé ba thanh phan
dwoc hinh thanh chd yéu trong qua trinh béo
quan. TSCSA c6 tinh nhét - dan héi nhiéu hon
TSC18 (Jc ludn 16n hon tai moi diém do trén
duwong cong d&o). Mac du c6 dd nhét 1 1a Ion
nhat sau khi bdo quan 1 tuan, clu tric cua
TSC16 da khong duy tri dwoc d6 6n dinh vat ly
sau 2 thang bao quan (khéong xac djnh dwoc
vuing tuyén tinh nhot-dan hoi). Két qua nay cting
phu hop v&i nhéan xét TSC16 co bé mét tré nén
trang duc va bi chay ldng (khl quan sat bang mat
thwéng) sau 2 thang bdo quan. Két qua ctia phép
do dao cling phu hgp véi phép do truot lién tuc
(cac mau khao sat déu co diém khdi lwu): Dap
ng & trang thai dn dinh (steady - state response)
déu khéng xuét hién trén dwdng cong déo.
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Bang 2. Kiém tra ving tuyén tinh nhot - dan hoi cia
phép do déo trong khoéng thoi gian ngan (5 phat) véi TSCSA

Ung suét (Pa) Bién dang Tinh thuén (1/Pa)
0,5 0,0200 0,0040
1 0,0039 0,0039
2 0,0082 0,0041
4 0,0156 0,0039
8 0,0320 0,0040
35
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Hinh 6. Buong cong ddo cta cac méau thir trong khi bdo quan 2 thang
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Bang 3. Phuong trinh biéu dién duong cong déo
cla cac mau tha trong 2 thang bao quan

Mau Thoi gian Phwong trinh dwong cong déo; tinh thudn can bang; hé sé xdc dinh
J(t) = — 0,000259 + 0,002375 x (1 — e **®) + 0,001838 x (1 — e ""*™®) + 0,000001 x
1 tudn — ™07 1+ 0,002766 x (1 — e®"%) + 0,000001 x (1 — e"*) + 0,004616 x
(1-e" +0,008178 x (1 — e9%2) + 1/410451;
TSCSA Jo =0,019773 (1/Pa); R? = 0,997
J(t) = = 0,000002 + 0,000554 x (1 — e°°™%) + 0,000559 x (1 — e ') + 0,000878 x
2 thang (1 — e + 0,001453 x (1 — e + 0,004158 x (1 — e¥'**3) + 0,043996 x
(1 — ey + /231471;
J. =0,051639 (1/Pa); R? = 0,803
J(t) = — 0,000004 + 0,000504 x (1 — e%™) + 0,000417 x (1 — e ™") + 0,000411 x
1twdn (1 — %) + 0,000532 x (1 — %) + 0,000933 x (1 — €' + 0,002594 x
(1 — e +0,043135 x (1 — e %) + /23885500000; J, = 0,048525; R* = 0,999
TSC18 J(t) = — 0,000021 + 0,000633 x (1 — e %) + 0,000577 x(1 — %) + 0,000668 x
2 thang - 2% + 0,001013 x (1 — e"*"®) + 0,002070 x (1 — e™¥"""% + 0,005153 x
(1 —e™%%%7) + t/466117;
Jo =0,010113 (1/Pa); R? = 0,999
J(t) = — 0,000013 + 0,001525 x (1 — e "%®) + 0,001819 x (1 — e™""") + 0,001892 x
—1/9,748 _ —1/35,72 _ —1/146,9
7SC16 1 tuln 21 —_e?”1318))+:/9(£)s£§o1§(?-7 x(1-¢ ) + 0,005763 x (1 — e ) + 0,024594 x

Jo = 0,037401 (1/Pa); R? = 0,999

V&i ky thuat do dao déng, vung tuyén tinh
nhét-dan héi clia cac mau TSCSA va TSC18
trong thoi gian bao quan 2 thang dwgc xac nhan
véi phép do dao déng khi (rng suét trong
khoang 1 — 10 Pa (hinh 7). Tuy nhién, ving nay
khong thé xac dinh rd rang véi mau TSC16 sau
2 thang bao quan (cac gia tri G’ khéng hang
dinh khi quét rng suat trong khoang 1 — 10 Pa).

Hinh 8 A va B 1an lwot biéu dién sw bién
thién mo-dun dan hdi (storage modulus - G’) va
do nhét phire hop (complex viscosity - n*) cla
cac mau trong phép do dao ddng quét tan sb.
Két qua cho thay khi tn sb tang, G’ ting va n*
gidm gan mot cach don diéu trén thang do
logarit. Cac gia tri G’ va n* cia TSCSA ludn cao
hon cGia TSC18 va TSC16 trong khoang tan sb
0,01 — 10 Hz. Trong qua trinh 2 thang béo quan,
do6 virng chac clia TSCSA va TSC18 téng rd rét
(G’ va n* do duoc trong khoang tan s6 0,1 — 10
Hz tang manh). Diéu nay tai khdng dinh nhan
xét ctia phép do trwot lién tuc va déo: cu tric
clia hé ba thanh phan chd yéu duoc hinh thanh
trong qué trinh bdo quan. Theo ly thuyét vé cau
traic mang gel (the gel network theory)

do Eccleston @& xuéat ¥, hé ba thanh phan
polysorbat 80 — alcol béo — nwéc cé clu tric
mang gel v&i it nhat ba pha cung ton tai: (i) pha
gel than nwéc bao gdm cac Iép kép cua chéat
dién hoat va alcol béo; va nwéc dwoc cd dinh
gitra cac 16p kép (nwoc lien két); (i) nwédc tw do
can bang vo&i nuwéc lien két trong pha gel than
nuwéc; (i) pha gel than dau dwoc tao thanh tir
lweng alcol béo dw, khdng tham gia tao pha gel
than nwéc. Do qua trinh hydrat héa cla cac
chudi polyoxyethylene trong phan t& polysorbat
80 thuong dién ra cham & diéu kién nhiét do
phong, cAu tric ctia mang gel dwoc hinh thanh
chd yéu trong qua trinh bdo quan cung véi sw
tai phan bd cac phan t& polysorbat 80 trong
mang gel.

DPang chu y tang tén that (loss tangent =
tan 8) = G”/G’ cla cac mau déu < 1 chirng té hé
ba thanh phan cé dac tinh dan héi chiém wu thé
trong qua trinh bao quan. Gia tri tan & tang khi
ca G’ va G” déu tang c6 nghia |a G” tdng nhanh
hon G’ (thanh phan d6 nhét dwoc tao thanh
nhanh hon so v&i thanh phan dan héi trong
TSCSA va TSC18).
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Két luan

Céc ky thuat do lwu bién (trwot lién tuc, dao
va hdi phuc, dao dong) da dwoc trng dung dé
theo d&i do &n dinh vat ly cGia hé ba thanh phan
polysorbat 80 — alcol béo — nwéc. Két qua do
lwu bién cho thdy d6 nhét clia cac hé déu ting
dang ké trong tuan dau tién, va do virng chéc
(@6 nhét va dd dan héi) dwoc dan hinh thanh
thém trong qua trinh bao quan. Sau 2 thang bao
quan, TSCSA 1a hé c6 dd virng chac tét nhat,
tén tai & dang kem mau trdng thé ban rén cé
dac tinh xuc bién; nguoc lai, TSC16 bi chay
I6ng khong thé xac dinh dwoc chinh xac cac dac
tinh nhét-dan héi. D liéu lwu bién trong nghién
clru nay sé gop phan téi wu héa cong thire ciing
nhw du doan kha nang gidi phong hoat chét in
vitro clia dang bao ché kem béi da dwoc phat
trién dwa trén hé ba thanh phan polysorbat 80 —
alcol béo — nuorc.

Nghién ctru nay dwoc tai tro béi Quy Phat
trién khoa hoc va céng nghé Quobc gia
(NAFOSTED) trong dé tai ma s6 104.99-
2016.39.
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