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Abstract. Wheel rutting and cracking induced by high temperatures and traffic loading are
among the most common forms of distress that reduce the service life of flexible pavements.
Therefore, the development of asphalt modifiers capable of enhancing deformation resistance
and elastic recovery is of significant importance for advancing durable and sustainable
pavement materials. This study evaluates the creep—recovery behavior of a 60/70 penetration
grade asphalt binder modified with Tough Flex-R (TFR) and compares its performance with
that of a polymer-modified binder (PMB I1I) using the Multiple Stress Creep Recovery
(MSCR) test. Short-term aged binder samples prepared using the Rolling Thin Film Oven
(RTFO) were tested at various temperatures under two stress levels of 0,1 kPa and 3,2 kPa to
determine the non-recoverable creep compliance (Jnr) and percent recovery (R). The results
indicate that increasing temperature and stress level led to higher Jnrvalues and lower R values
for all binders, reflecting reduced elastic response and increased viscous behavior. Compared
with the unmodified 60/70 binder, TFR-modified binders exhibited improved elastic recovery
and lower non-recoverable deformation. Among the investigated TFR contents, the 25%
content provided the best overall performance, characterized by higher R values and lower
Jnr values, approaching the behavior of PMB Ill. The findings demonstrate that TFR is a
promising modifier for enhancing rutting resistance and improving the elastic properties of
asphalt binders under high-temperature service conditions.

Keywords: Modified asphalt binder, Tough Flex — R (TFR), MSCR, non-recoverable creep
compliance (Jnr), percent recovery (R), rutting resistance.
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Tom tat. Han 1an vét banh xe va nat dudi tac dong cua nhigt d¢ cao va tdi trong giao thong
la nhitng dang hu hong phd bién 1am suy giam tudi tho khai thac cua mat duong mém. Do
do6, viéc nghién ctru cac phu gia cai tién nham nang cao kha ning khang bién dang va phuc
h@)i dan hoi cua nhya duong co ¥ nghia quan trong ddi véi viéc phat trién cac giai phéap vat
liéu bén virng cho két cau mat duong. Bai bao nay danh gia dac tinh tir bién — phuc hdi cua
nhya duong 60/70 cai tién bang phu gia Tough Flex-R (TFR) va so sénh véi nhya duong
polymer (PMB 111) théng qua thi nghiém tir bién — phuc héi tng suat Iap (MSCR). Cac mau
nhya duong sau hda gia ngin han bang thiét bi 10 xoay mang mong (RTFO) duoc thi nghiém
tai nhiéu muc nhiét do va hai cap tng suat 0,1 kPa va 3,2 kPa nham xac dinh d6 tuan tha tir
bién khong phuc héi (Jnr) va phan trim phuc hdi (R). Két qua cho thdy nhiét do va tng suat
lam tang gia tri Jor VA giam gid tri R d6i véi tat ca cac loai nhya duong, phan anh sy suy giam
tinh dan hdi va gia tang ung xir nhot. So véi nhya duong 60/70, cac mau sir dung TFR thé
hién kha nang phuc hdi dan hoi cao hon va bién dang khdng phuc hdi thap hon. Trong pham
vi nghién ctru, ham lwong 25% TFR cho hiéu qua tét nhat véi gia tri R cao va Jur thap, tiém
can dic tinh cia PMB 111. Két qua nghién ctiu cho thay TFR la phu gia tiém ning nhiam nang
cao kha ning khang han 10n va cai thién tinh dan hoi ciia nhya duong trong diéu kién nhiét
do khai thac cao.

Tir khoa: Nhua duong cai tién, phu gia Tough Flex — R (TFR), thi nghiém MSCR, d6 tuan
thir tir bién khdng phuc hdi (Jnr), phan tram phuc hoi (R), kha ning khang han lan.
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1. PAT VAN PE

Han 1dn vét banh xe duogc xem la mot trong nhiing dang hu hong nguy hiém nhét di voi
mat duong bé tong nhuya, dac bi¢t trong diéu kién khi hau néng am va quy mo giao thong Ion.
Su phat trién cua hu hong nay khong chi lam suy giam tudi tho két cau 4o dudng ma con tiém
4n nguy co mat an toan giao thong. Trong thanh phan hdn hop bé tong nhya (BTN), nhya duong
giit vai tro 1a chét dinh két chu dao, chi phdi dang ké kha ning chéng lai bién dang vinh ciru
cua két cau, nhat 12 & diéu kién nhiét do khai thac cao [1].

Theo hé théng phan cip Superpave truyén théng theo tiéu chuan AASHTO M320 [2], kha
nang khang han 14n cua nhya dudng dugc danh gia thong qua chi tiéu mé dun cit dong |G|/sins.
Tuy nhién, nhiéu nghién ctru da chi ra rang thong s6 nay chi phan anh ang xir ciia nhya duong
trong mién bién dang nhé va chua dai dién day du cho diéu kién chiu tai lap phi tuyén xay ra
trong thuc té. B4i voi nhua duong bién tinh bang phu gia hodc polyme, chi tiéu |G”|/sind xéac
dinh theo tiéu chuan AASHTO T 315 [3] thuong cho thay muic d6 twong quan han ché véi han
lGn quan trac trén hién truong, do khdng thé tach biét rd rang gitra thanh phan bién dang dan
hoi va bién dang khong phuc hdi tich lity theo thoi gian [4-5].

Nham khic phuc nhiing han ché nay, thi nghiém tir bién — phuc hoi tng suat lap (Multiple
stress creep recovery — MSCR), duoc quy dinh trong tiéu chuan AASHTO T350 [6] va tich hop
trong hé théng phan cap theo dic tinh lam viec AASHTO M332 [7], di duoc phat trién va tng
dung ngay cang rong rdi & My. Phuong phap thi nghiém MSCR mé phong tét hon co ché lam
viéc ctia nhya dudng thdng qua cac chu ky gia tai — dd tai & nhiéu mic tng suat khac nhau, cho
phép xac dinh do tudn tha tir blen khéng phuC hoi (Jnr) va phan tram phuc hoi (R) [7- 12] Céc
nghién curu truge day da chi ra rang thong s Jnr €6 Mdi twong quan chat che hon véi chiéu sau
vét han ciia hdn hop bé tong nhua so véi cac chi tiéu danh gia truyén théng [13-17]. So véi
tham sé |G™|/sind trong hé théng AASHTO M320, thi nghiém MSCR cho phép danh gia truc
tiép thanh phan bién dang khong phuc hoi — yéu té quyét dinh sy tich lity han lun dudi tai trong
lap [4, 6, 14]. Gia tri Jnr, didc biét tai muic tng suét 3,2 kPa hoic cao hon, cho thdy mirc d twong
quan cao véi két qua thi nghiém vét han banh xe Hamburg (HWTT), thi nghiém bién dang vinh
ctu lap (RLPD), cling nhu dit liéu thye dia tir cac co s¢ thir nghiém quy moé 16n nhu Co quan
quan 1y duong cao toc lién bang Hoa Ky (Federal Highway Administration) va Trung tam
nghién ciru va thir nghiém mat duong quy mé thuc té cia bang Minnesota (MnROAD) cua My
[11, 13, 14]. Bén canh d6, MSCR con cho phép dinh lugng hiéu qua cai thién cua céc loai phu
gia (TPP, muc thai, dau thai) va vat liéu asphalt tai ché RAP thong qua xu huéng giam Jnr va
gia tang R, dong thoi phan anh ré do nhay (ng suat va nhiét do cia nhyua duong [4, 12,15, 18,
19]. Nhitng bang chizng thuc nghiém nay 14 co sé khoa hoc cho viéc ap dung hé théng phan cap
theo hiéu ning trong AASHTO M332, gép phan nang cao d¢ chinh xac trong lya chon nhua
duong phi hop véi didu kién giao théng va khai thac thyc té [4].

Trong béi canh nhu cau van tai tai Viét Nam khdng ngimg gia ting, viéc sir dung céc phu
gia bién tinh nhu SBS, TPP va TPS nham nang cao kha ning khang han 1an va khang nit coa
BTN duéi diéu kién nhiét do cao va tai trong Ion ngay cang duoc quan tdm. Tough Flex — R
(TFR) dugc b sung truc tiép vao cét lidu nong tai tram tron, c6 kha ning phén tan nhanh, tuong
thich véi cac loai nhya duong 60/70 va 80/100, ddng thoi da dugc wng dung trong 16p pha
mong chdng nat phan anh va bé téng nhya tai ché néng (RAP 20-50%) [20]. Tuy nhién, cac
nghién ctru chuyén sau vé dic tinh luu bién cua nhua duong khi tron truc tiép véi phu gia TFR,
dic biét thdng qua cac chi tiéu danh gia bang thi nghiém MSCR, hién van con han ché va cha
yéu mai dung lai & mot s6 nghién ctu quy mé nho tai Viét Nam [4, 21]. Do d6, nghién citu nay
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tap trung phan tich sy thay doi ctia c4c théng s6 Jnrva R theo ham luong TFR, nhdm danh gia
murc do cai thién do on dinh nhiét va d6 nhay &ng suat cua nhya duong cai tien.

2. CHUAN BI MAU THI NGHIEM

2.1. Quy trinh cai tién nhwa dwong 60/70 bing phu gia TFR

Nhya dudng 60/70 duoc st dung lam nhya duong nén dé tron thém phu gia TFR. Nhya
duong 60/70 do Cong ty TNHH Nhya dudng Petrolimex cung cap, ¢d cac chi tiéu thoa man cac
yéu cau k¥ thuat quy dinh tai phu luc A TCVN 13567-1: 2022.

Phu gia Tough Flex—R (TFR), do Taiyu Co., Ltd. phét trién [20], 14 phu gia polymer dang
hat, kich thudc déc trung khoang 5 mm, mau nau hé phach. TFR c6 nhiét 6 hda mém khoang
114°C va khéi luong riéng xap xi 0,95 g/cm3. Phu gia TFR c¢6 kha ning hoa tan va phan tan
hiéu qua trong nhua duong va hdn hop bé tdng nhua nong theo phuong phép tron tai tram. Sau
khi phan tan, TFR hinh thanh mang ludi dan hoi trong chat lién két, qua d6 cai thién kha niang
phuc hdi bién dang va han ché tich lity bién dang du dudi tac dung cua tai trong lap.

Nhuya duong 60/70 duoc gia nhiét dén 170 — 200 °C, sau d6 bd sung phu gia TFR voi ham
lugng thiét ké lan luogt 12 15%, 25% va 35% khéi lwong nhua duong. HoN hop duoc khudy déu
bang thiét bi chuyén dung vai téc do tron 2000 vong/phut trong khoang 20 phat dé phu gia phan
tan dong déu (Hinh 1).

a) Phu gia TFR b) Méy khudy tron nhira duong
Hinh 1. Hé théng phdi tron nhya dwong va phu gia.
2.2. Chuan bi cac mau nhua dwong

Trong nghién ctru nay, nam loai nhya duong dugc su dung bao gom nhya dudng 60/70,
nhya duong polymer PMB 111 va nhya dudng 60/70 duoc cai tién bang phu gia TFR vai cac
ham luong lan luot 13 15%, 25% va 35% theo khéi lwong nhya duong. Toan b cdc mau nhya
duong duoc dua vao thiét bi 10 quay mang mong (RTFO) theo AASHTO T 240 nham mé phong
diéu kién 130 hda ctia nhira dudng trong qua trinh tron va thi cdng. Sau do, nhya dudng lan luot
dugc rét vao cac khuén silicon dé tao cac mau thi nghiém c6 duong kinh 25 mm (Hinh 2).
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a) Mau nhuwa dudng 60/70 + TFR ¢ trang théi gbc b) Mau nhya 60/70 + TFR sau RTFO

Hinh 2. Chuan bi ca&c mau nhwa duong thi nghiém.
3. THIET BI VA PHUONG PHAP THI NGHIEM

Thi nghiém MSCR duoc thuc hién theo quy dinh cia AASHTO T 350 [6] trén thiét b luu
bién cit dong SmartPave 92 cua Tap doan Anton Paar (Hinh 3). Thiét bi ndy sir dung hé diéu
khién nhiét do Peltier hai phia v&i d6 chinh xéc cao (sai 1éch < 0,1°C), dam bao diéu kién nhiét
6n dinh trong suét qua trinh thi nghiém. Dai nhiét d6 1am viéc cua thiét b tir —10°C dén 200°C,
phl hop Vi toan bo pham vi nhiét &6 khao sat trong nghién ctu. Vé kha nang co hoc, thiét bi
hoat dong trong dai tan s6 goc rong tir 10+ dén 628 rad/s va momen xodn tir 1 uNm dén 125
mNm, cho phép dénh gia day di cac ddc trung luu bién cua nhya dudng tir trang thai dan hoi
tuyén tinh dén phi tuyén.

Hinh 3. Thiét bi SmartPave 92 sir dung cho thi nghiém MSCR.

Lua chon dai nhiét d6 thi nghiém MSCR cho ting loai nhya duong trong pham vi vét liéu
thé hién rd dic tinh 1am viéc dan — nhot. Khi nhiét do tang cao, thanh phan nhét chiém wu thé
va xu huéng bién dang khong phuc héi gia ting. Lya chon nhiét do thi nghiém cho ting loai
nhyua duong sau RTFO dugc thé hién ¢ Bang 1.

Bang 1. Chuong trinh thi nghiém MSCR.

TT | Loai nhwa dwong | Trang thai hdagia | Nhiét dg thi nghiém
1 | 60/70 Sau RTFO 52, 58, 64, 70
2 | PMBIII Sau RTFO 70, 76, 82, 88
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60/70 + 15%TFR Sau RTFO 58, 64, 70, 76
60/70 + 25%TFR Sau RTFO 76, 82, 88, 94
60/70 + 35%TFR Sau RTFO 70, 76, 82, 88

Mau thi nghiém c6 duong kinh 25 mm, chiéu cao 1,0 mm duoc dit giita khe ho cua 2 dia
phang Gia tai cho mau thi nghiém vei 20 chu ky ¢ mue 0,1 kPa (trong d6 10 chu ky dau dung
dé 6n dinh trang thai cua mau thir va khong st dung cho phan tich), tlep theo la 10 chu ky ¢
murc 3,2 kPa. Mbi chu ky bao gom 1 giay gia tdi dudi tng suit khong doi (giai doan tir bién) va
9 gidy d& tai (giai doan phuc hdi) (xem Hinh 4), véi téng thoi gian thyuc hién phép thi 1a 300
giay. Thong qua qué trinh nay, Jor va R duge xac dinh dé danh gia kha niang khang bién dang
vinh cttu cua nhya duong.

Tur bién (1's) Phuc héi (9 s)

Bién dang cat (%)

0 2 4 6 8 10
Théi gian (s)

Hinh 4. So dd md ta qua trinh tir bién — phuc hdi cia nhira dudng trong mot chu ky.

Phan tram phuc hdi (R) cua nhwa duong duge xac dinh tai hai mac ung suat 0,1 kPa va 3,2
kPa theo quy trinh thi nghiém MSCR. Tai muc tng suat o ap dung (0,1 kPa hoic 3,2 kPa), phan
tram phuc hoi trung binh Rs (%) duoc tinh theo cong thic:

10
1
RU=E]VZ=151”(O';N) (1)

Vi & (o, N) 1 phan trdam bién dang hdi phuc & cudi mdi chu Ky tai va o 1a mac ung suét
ap dung (0,1 kPa hoac 3,2 kPa), dugc tinh theo céng thic sau:

(6‘1 - 6‘10) x100 (2)

&

&(oN) =

Do tuan thi tir bién khong hoi phuc (Ju) dugc xéc dinh trén co s6 ty sb giira bién dang
khong hoi phuc sau giai doan phuc hoi va tng suat tac dung:

Jor(; N) = 510(: N) 3)
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Vi €10 (o, N) 1a bién dang khdng hdi phuc & cubi mdi chu ky tai va o 1a mac @ng suat &p
dung (0,1 kPa hoac 3,2 kPa).

Gia tri trung binh cua d6 tuan tha tir bién khdng hoi phuc (Jnr, o) trong 10 chu ky xac dinh
theo cbng thuc:

10
1 21 4)
]nr,a - EN=1]nr (O-; N)

4. PHAN TiCH PAC TiNH TU BIEN — PHUC HOI CUA NHUA PUONG BIEN TINH
TFR

Tinh toan Jor VA R & c4c nhiét d6 thi nghiém twong ang voi 2 mac wng suat (0,1 kPa va 3,2
kPa) theo céc cong thirc (1), (2), (4) va (5). Téng hop céc két qua tinh toan dwoc thé hién trén
cac biéu d6 Hinh 5, Hinh 6, Hinh 7, Hinh 8 va Hinh 9 twong (ng véi cac loai nhya duong 60/70,
nhya duong PMB |11, nhya duong 60/70 + 15% TFR, nhua duong 60/70 + 25% TFR va nhua
duang 60/70 + 35% TFR.

40 7 3
S &
€ %5
30 5 7
&= 20 = ¢
5 = N
= o 2 ) -
10 = 3 . @ b & S 2
y b O D T
0 77/ ) s o ‘ %
Micdngsudt  oM,0 Qo Sk Mot Micngsuat — qdod el ek Qe
Nhiét dé (oC) & & > o Nhiét d6 (oC) S & > Q
Hinh 5. So sanh cac tham s6 MSCR cua nhua dwong 60/70.
120 < 7 N
- 2
N~ -} L
100- & & s 6
B: 2
80 7N 5
~ o
e ] 4
o i & £
60 =
iy
3 2 2
40 o e
2 py T
5 = ™M
20 3 11 98 838 3
0 u T : Z . 0 g C‘S Doi\ 7E: ; 7 " 1/
fc i Muic ing suat N N N N
Muc ting suat Q'\\ 4;\1’ Q'«\ q;;l‘ Q'\\ q;;l‘ 9 O ¥ \D d;:l' [\ a,?" [ND q’?’
Nhiét dé (oC) Q Ao & Nhiét d6 (oC) Q A© P ®

Hinh 6. So sanh cac tham s6 MSCR cua nhya duong PMB 111
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lwong phu gia TFR. Khi nhiét do tang thi R giam, trong khi Jnr ting ddi véi tat ca cac loai nhua
duong thi nghiém. Bdng thoi, & mac tng suét 3,2 kPa, R ludn thap hon va Jur luén cao hon so
vé6i 0,1 kPa, phan &anh d6 nhay véi (g suat cua vat liéu. Bac diém nay thé hién su chuyén dich
co ché ¢ing xtr tir dan nhét sang dan déo nhét khi nhiét do cao va ang suat cit 16n. Nhiét d6 cao
va g suat cat 16n 1am tang bién dang cua nhya dudng trong céc thi nghiém MSCR va day
manh tng xtr phi tuyén cua vat liéu. Ung xu phi tuyén ciing vai cac bién dang déo khdng phuc
hdi xuét hién khién chi s R giam va chi s6 Jir ting 1én.

Xét anh huong caa nhiét do, ca R va Jnr déu bién dbi theo xu huéng dic trung ctia nhua
duong: khi nhiét d6 tang, R giam va Jur tang. Diéu ndy phan anh sy suy giam dic tinh dan hoi
va tang dac tinh nhét trong diéu kién nhiét do cao. Tuy nhién, mirc d6 bién thién phy thugc vao
loai nhwra duong. Di voi nhua duong 60/70, trong khoang 52 — 70°C, R(0,1 kPa) giam khoang
96% (10,29% xudng 0,43%), trong khi Jnr ting hon 15 1an, cho thay sy suy giam déng ké kha
nang phuc hdi ¢ nhiét do cao. Nguoc lai, PMB 111 thé hién mirc suy giam R(0,1 kPa) thap hon
dang ké (41% trong khoang 70 — 88°C) va duy tri gia tri R trén 50% & 82°C, chang t6 do 6n
dinh ciu trdc ¢ nhiét do cao vuot troi. CAc mau nhua duong tron phu gia TFR ciing cai thién rd
rét kha nang khang bién dang so vai 60/70, dac biét & ham luong cao: nhya dudng 60/70 tron
25% TFR chi giam khoang 38% R(0,1 kPa) khi nhiét do tang tir 76°C 1én 88°C va duy tri R >
95% va Jnr(0,1 kPa) chi khoang 0,016 kPa* & 88°C.
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Hinh 10. So sanh céc tham s6 MSCR cua nhya dudng tai 70°C.
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Hinh 11. So sanh cac tham s6 MSCR cua nhwa duong tai 76°C.
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Hinh 12. So séanh cac tham s6 MSCR cua hhyra duong tai 82°C.
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Hinh 13. So sanh cac tham s6 MSCR cua nhwa dudng tai 88°C.

Déi véi nhya duong 60/70 cai tién bang phu gia TFR, xét tai muc Gng suat 3,2 kPa, viéc
bo sung phu gia van lam ting dang ké R va giam Jur S0 Vi nhya nén 60/70, qua d6 thé hién rd
hiéu qua cai thién tinh dan hoi va kha nang khang bién dang. Cu thé, tai 70°C va 3,2 kPa, nhya
60/70 c6 R chi dat khoang 0% va Jnr khoang 5,98 kPa™!, trong khi nhya 60/70 + 15% TFR néang
R 1&n khoang 5,1% va giam Jnr xudng 4,45 kPa' (giam khoang 26%). Trong cac ham luong
khao sat, muc 25% TFR cho thy hiéu qua néi bat nhat; tai 76°C, R (3,2 kPa) dat khoang 1,01%
va Jnr (3,2 kPa) chi khoang 0,013 kPa™', thé hién kha ning phuc hdi vuot trdi va tiém can dic
tinh cia PMB 11 trong dai nhiét d6 trung gian. Khi tang ham lugng 1én 35%, mac du R (3,2
kPa) van duy tri & muc cao (48,8% tai 76°C), gia tri ndy thap hon dang ké so vai nhya duong
60/70 + 25% TFR ¢ diéu kién twong dwong va Jnr ciing tang 1én, cho thay hiéu qua cai thién
khong ting tuyén tinh theo ham lugng TFR (xem Hinh 10, Hinh 11, Hinh 12 va Hinh 13). Biéu
nay c6 thé do anh huéng cia sy phan tan phu gia TFR hoic tuong tac trong hé nhua dudng —
phu gia.

Nhya dudng 60/70 thé hién gi4 tri R thip va Jur cao trong toan bo dai nhiét do khao sat,
phan anh dic trung ang xir nhét va kha nang chéng han 1an han ché. Khi ting nhiét do, R cua
nhya 60/70 suy giam nhanh, déng thoi Jnr ting manh, dic biét & ving nhiét do cao (64 va
70°C), cho thay vat liéu nay c6 do nhay nhiét cao. Nguoc lai, nhua duong PMB 111 duy tri gia
tri R & muac cao va Jnr thap hon déng ké trong cting nhiét do thi nghiém 70 °C va tham chi ¢ cac
nhiét d6 cao hon (76°C, 82°C), ching t6 su hién dién cia mang ludi polyme da cai thién tinh
chat dan hoi va han ché bién dang du dudi tai trong lap.
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Vé anh hudng cua muc ¢ng suat, tai moi nhiét do khao sat, R tai 3,2 kPa ludn thip hon so
vé6i 0,1 kPa, trong khi Jur ting twong tmg khi ting tng suat, phan anh rd dic trung phu thudc
{ing suét cta vat ligu. Nhua 60/70 va nhya 60/70 + 15% TFR thé hién do nhay Ging suat cao hon
rd rét. Cy thé, tai 70°C, d6i véi hé 15% TFR, Jnr ting tir 1,86 18n 4,45 kPa khi (tng suit ting
tir 0,1 1én 3,2 kPa, dng thoi R giam tir 48,9% xudng 5,1%, cho thay su suy giam manh thanh
phan dan hoi dudi tac dung cua tai trong I6n. Trong khi d6, PMB 111 tai 70°C chi ghi nhan Jur
tang tir khoang 0,02 1n 0,13 kPa™!, trong khi R giam tir 97,3% xubng 86,0%. Nhua 60/70 +
25% TFR ciing duy tri gi4 tri R cao hon va bién d6 bién thién nho hon trong dai 76 — 88°C.
Nhitng két qua nay chang to PMB 111 va nhya 60/70 + 25% TFR cd kha ning bao toan cau tric
c6 tinh dan hdi dudi tac dung caa tng suét Ion tét hon so véi nhya 60/70 va nhwa dudng cai
tién sir dung phu gia TFR ham luong thap (15%).

Hinh 14 va Hinh 15 lan luot trinh bay duong cong tir bién — phuc héi cia cac mau nhua
duong tai hai mac ang suit 0,1 kPa va 3.2 kPa, duoc thuc hién & cing nhiét d6 thi nghiém 76
°C. Két qua thé hién trong Hinh 10 va Hinh 11 twong (ng véi mot chu ky gia tai dién hinh (10
s), duoc xac dinh bang céch lay gia tri trung binh cua 10 chu ky do.

Tir bién - phuc hdi tai mic ing suéit 0,1 kPa va 76 °C
50

© 60/70+15%TFR
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=) °
g 20,
S 10 |®
m °
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Thoi gian (s)

Hinh 14. Bac tinh tir bién — phuc hdi cua nhwa dudng bién tinh TFR tai 76 °C va ung suat 0,1 kPa.

Tir bién - phuc hdi tai mire Gng suit 3,2 kPa va 76 °C
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Hinh 15. Dac tinh tir bién — phuc hdi cua nhwa dudng bién tinh TFR tai 76 °C va ung suat 3,2 kPa.

Tai nhiét ¢6 76°C va muc tng suat 0,1 kPa, anh hudng cia ham luong phu gia TFR dén
rng xr tir bién — phuc hdi thé hién rd rét thong qua su thay doi bién dang cuc dai va bién dang
du. Mau chaa 15% TFR ghi nhan bién dang cuc dai xap xi 41%, trong khi cac mau 25% va
35% TFR chi khoang 6 — 8%, twong irng mac giam khoang 80 — 85%. Nhya duong PMB 111 ¢
bién dang cuc dai khoang 15%, van cao hon dang ké so véi hai mau c6 ham luong TFR > 25%.
Vé bién dang du ¢ cudi cia mdi chu ky, mau nhira duong + 15% TFR con lai khoang 28%,
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trong khi cac mau 25% va 35% TFR chi dao dong trong khoang 0 — 2%, tuong duong mirc
giam trén 90%. Két qua nay cho thay khi ham lugng TFR dat tir 25% tr¢ 1€n, nhya duong
chuyén sang trang thai ang xtr dan hoi dudi wng suét thap, véi kha nang phuc hdi gan nhu hoan
toan.

O murc Gtng suit 3,2 kPa, su khac biét gitta cac ham luong phu gia TFR cang tré nén rd rét.
Mau nhya dudng 15% TFR xuat hién bién dang cuc dai rat 16n, xap xi 3000%. Khi ting ham
luong TFR 1én 25%, bién dang cuc dai giam manh xudng khoang 300%, twong dwong mirc
giam gan 90%. Mau nhua dudng véi 35% TFR cd bién dang cuc dai khoang 450 — 500%, thap
hon dang ké so véi mau chira 15% TFR nhung cao hon so v6i mau chira 25% TFR. Xu huéng
tuong tu cling quan sat duoc ddi véi bién dang du: mau nhya duong 15% TFR duy tri bién dang
du khoang 2900% sau khi phuc hoi, trong khi mau nhua duong 25% TFR chi con khoang 50 —
80% (giam 97 — 98%), va mau nhua duong 35% TFR khoang 150 — 200% (giam 93 — 95%).
biéu nay chiing to ham luong phu gia 25% TFR la ham lugng ti wu trong pham vi thi nghiém
nay vé kha nang han ché bién dang khong phuc hoi.

5. KET LUAN

~ Tir céc két qua thi nghiém va phan tich vé cac tham s6 MSCR ciing nhu duong cong tir
bieén — phuc hoi, ¢ thé rat ra mot so két luan nhu sau:

- bac tinh tir bién — phuc héi caa nhua duong phu thudc chit ché vao nhiét do va mac ang
suat; khi nhiét 6 va ting suat tang, gia tri R giam va Jur ting di vai tat ca cac loai nhura duong,
phan &nh sy chuyén doi co ché lam viéc tir ang xir dan — nhét sang dan - déo - nhot. Nhya
dudng 60/70 thé hién do nhay nhiét va nhay tng suat cao nhat, trong khi nhya duong PMB 1
duy tri tinh dan hoi va kha ning khang bién dang tt hon trong toan b dai nhiét do khao sat.

- Viéc bd sung phu gia TFR cai thién rd rét kha niang phuc hdi va giam bién dang khong
phuc hdi caa nhyua duong 60/70; trong d6 ham luong 25% TFR cho hiéu qua tdi nhat, véi gia
tri R cao va Jur thap, tiém can dac tinh cia PMB 111, trong khi ting 1én 35% khong mang lai cai
thién twong tng, cho thay ton tai ham luong phu gia cho hiéu qua tét nhat trong pham vi nghién
ctru.

- Trong thi nghiém MSCR, viéc tang ham luong TFR tir 15% lén 25% lam giam manh ca
bién dang cuc dai v6i muac giam dat 80 — 90% va bién dang khdng phuc hdi véi mac giam 90
—98% & 76°C, cho thay tiém nang cai thién dang ké kha nang khang han 1un & nhiét do cao.
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