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ABSTRACT

Brake fluid belongs to the group of hydraulic fluids that are used for engines and
vehicles involved in the transport. In order for the traffic to be safe, these vehicles must
be equipped with the best quality brakes. The brake fluid has been achieved the DOT 5
standard which was researched and tested in content of this work. The testing methods
were according to US standards, the obtained results by the tests all meet the quality

standards.

Tlr khéa: dau phanh, DOT 5, polydimethylsiloxane, tributyl photphate.

1. MOPAU

Pong lwc cho sy phat trién cla dau
phanh DOT 5 (Department of Transport -
5) dén tlr quan dodi Hoa Ky vao cudi nhirng
nam 1960. Dau phanh silicone ra doi va
bat dau duoc thir nghiém vao nam 1967,
sau do la s hgp tac chac ché véi cac nha
san xuat dé phat trién cho cac loai xe tai
quan su tham chi la xe tdng. Bén nhirng
nam 1980 quan dbéi Hoa Ky chuyén déi
sang s& dung dau phanh silicone 1a hop
chat hitu co silicone polydimethylsiloxa-
ne (PDMS) [1]. vé mat mai truong, so Vo
cac hop chat glycol thi PDMS kha than

thién, la mot silicone théng dung va gia
thanh phai chang trong s6 cac organosili-
con [2], Cung v&i nhiéu lgi thé nhuv tro,
khéng bat Ilra, nhiét dd sbi cao, ky nudrc,
PDMS dap &rng duoc yéu cau lam nguyén
Iigu chinh cho san xudt dau phanh DOT 5

So v&i dau phanh da trdi qua cac thé
hé DOT 3, DOT 4 v&i thanh phan chinh
tuvong ng la either gycol va ether glycol
va este borat, thi dau phanh DOT 5 c6
thanh phan chinh 1a silicone. Pac diém
cla cac loai dau phanh duwoc chi ra &
Bang 1.

Bang 1. Pac diém cha cac loai dau phanh

Piém sbi kho

DOT3  205°C (401 °F)
DOT4  230°C (446 °F)
DOT5  260°C (500 °F)

Diém sbi wot
140°C (284 °F)

155°c (311 °F)
180°C (356 °F)

Thanh phan chinh

ether glycol
ether glycol/ester borat

silicone
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T bang 1 nhan thay, dau phanh DOT 3
va DOT 4 di tir g6c glycol thi DOT 5 di tw
gbc silicone la dau phanh géc téng hop
thé hé sau, khac phuc duwoc cac nhuwoc
diém clia cac loai dau phanh DOT 3, DOT
4, DOT 5 c6 nhiét dd sb6i trén 260°C,
khong hat am, tinh chat hoa-ly vuwot troi
va do bén 6n dinh, it tao bot, khong phéa
son xe, khong gay an mon kim loai. Hién
nay, dau phanh dat tiéu chuén DOT 5 trén
thi trvong Viét Nam la hoan toan duogc
nhap ngoai. Chinh vi vay, viéc nghién ctru
quy trinh pha ché dau phanh dat tiéu
chuan DOT 5 la can thiét va cé y nghia

thuc tién hién nay.
2. THUC NGHIEM
2.1. Nguyén liéu

D6i twong nghién cru la dau phanh
chat lwgng cao dat tiéu chuan DOT 5 di tir
nguyén liéu chinh la silicone ma cu thé &
day la Polydimethylsiloxane (PDMS)
thudc nhém cac hop chat organosilicon.
PDMS duoc cung cdp béi cong ty Jiashan
jlangnan Textile Material Co., Ltd va
Momentive, Thai Lan (nha phan phdi
Cong ty TNHH Son Anh). Cac théng sb k¥
thuat duwoc dwa ra & Bang 2.

Bang 2. Thong sb' ky thuat mot sé' san pham PDMS
cla Jiashan jiangnan Textile Material Co., Ltd

STT Thong s6 k¥ thuat PDMS 10
1 D6 nhét dong hoc & 25°c 10,02
Nhiét do chép chay céc he
2 (cOC) 158
3 Ty trong, 25°c 0,9310
4 Nhiét do s6i, °C >260

Phu gia s&* dung bao gobm, phu gia
chéng truong n& cuppen, di (2-
ethylhexyl) azelate hoac  tributyl
phosphate chiém khoang 1-5% trong
lwvgng. Phu gia chiu nwéc, diethylen glycol
methyl ether chiém khoang 0,05-0,4%
trong lwgng [4]. Bot mau duoc pha vao &
nong do thap cho muc dich phan biét dau
phanh DOT 5 vé&i cac loai dau phanh khac.

2.2. Phwong phap nghién ctru

Qua trinh nghién c&ru s dung phwong
phap ASTM két hgp FMVSS No.116
(FMVSS: Federal Motor Vehicle Safety

Honhop  Khudy tron, Phu gia

gia nhiét

PDMS tinh nang

PDMS 20 PDMS 50 PDMS 100
20,12 49,95 100,08
194 270 298
0,9421 0,9573 0,9686
>260 >260 >260

Standard). Trong do6, FMVSS No.116 la
tiéu chudn quy dinh pham cap chét lvong
clia dau phanh.

2.3. Cach tién hanh

H6n hop hai hay nhiéu PDMS duoc
khudy tron, gia nhiet tao chat nén thich
hop. Tiép tuc dwoc khudy tron gia nhiét
hén hop PDMS va b sung phu gia tinh
nang dé cai thién dac tinh clia chat nén
phu hgp thong s6 ky thuat cdia ASTM va
FMVSS No.116. So do ph6i tréon hinh
thanh dau phanh DOT 5 dugc dua ra theo
Hinh 1.

San pham

Hinh 1. So d6 phdi tron tao dau phanh DOT 5
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3. KET QUA VA THAO LUAN
3.1. Khao sat, phdi tron PDMS tao chéat
nén thich hop cho dau phanh DOT 5

Chat nén PDMS sé quyét dinh céac
théng s6 dd nhét dong hoc, nhiét do soi,

Bang 3. Théng s6'ky thuat san

STT Tén chi tiéu

1 D6 nhét déng hoc, 25°c

ty trong, d6 bén nhiét cla chat ldng, nhiét
dd chép chay c6c hé. Qua qua trinh khao
sat san pham dau phanh JOHNSEN'S DOT
5 két hop tiéu chudn FMVSS No0.116 xay
dwng thong s6 ky thuat dau phanh dat
tiéu chuén DOT 5.

pham dau phanh DOT5 [5]

Phuong phap phan tich Két qua can dat

Nhiét do chép chay céc hd

Ty trong, 15°c

4 Trwong né cuppen, (70°C, 70 h), mm
5 Mau sic

6 Nhiét do soi

7 DO bén nhiét chat léng

Dau phanh DOT 5 thanh pham cé do
nhét dong hoc dy ki€n 40-50 cSt va nhiét
do chép chay c6c hé min. 210 °C nén céac
s&én pham PDMS 10 va PDMS 100 khéng
phu hgp lam nguyén vat liéu do co nhiét
do chép chay thdp. PDMS 100 c6 nhiét do
chép chay cao nhung dé nhét déng hoc
ngoai khoang cho phép. Do vay, trong
nghién ctu nay, tién hanh khao sat phdi
tron hai loai PDMS 20 va PDMS 50 nham

ASTM D 445 40-50 cSt
ASTM D 92 min.210°C
ASTM D 1298 min. 0,92
0,154-1,40
Mau tim
FMVSS No. 116
min.260°C
+3°C

dap ng duoc cac thong sé ky thuat cua
chat nén dau phanh DOT 5.

Lva chon ty 1é dau PDMS 20 va PDMS
50 dé khao sat lam chat nén cho dau
phanh DOT 5 nhw sau: PDMS 50: 100%,
PDMS 20/PDMS 50: 5/95 (%KL), ky hiéu
CL1, PDMS 20/PDMS 50: 10/90 (%KL), ky
hiéu CL2, PDMS 20/PDMS 50: 15/85
(%KL), ky hiéu CL3. Cac thdng sb cua chat
nén khao sat duoc dua ra & Bang 4.

Bang 4. Thoéng s6' co ban clia cac mau chét nén khao sat

STT Céc chi tiéu

1 D6 nhét déng hoc & 25°c, cSt

2 Ty trong &, 25°c

3 Nhiét dd chép chay céc hé (COC), °C
4 Nhiét do soi, °C

T bang 4 nhan thay, cac chat nén

PDMS 50, CL1, CL2, CL3 déu dap ng lam
chat nén pha dau phanh DOT 5 do céac

PDMS50 CL1 CL2 CL3
49,95 47.62 45,38 43,25
0,9573 0,9565 0,9558 0,9550

270 256 242 232
>260 >260 >260 >260

thong s6' k§ thuat dat. Cu thé: dé nhot
ddéng hoc o 25°c (40-50 cSt), ty trong >
0,927 cbe > 210°C, nhiét dd sbéi > 260°C.
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Tiép tuc tién hanh khao sat cac mau chét
nén trong hén hop phu gia ham lwong
thap, dé xac dinh anh hudng phu gia dén
cac thong s6' ky thuat cta chat nén. Cu
thé, phu gia (2-ethylhexyl) azelate (1,0%
KL), tributyl phosphate (1,0% KL) va
diethylene glycol methyl ether (0,1% KL).

Bang 5. Théng s6' co bén

STT Tén chi tiéu
1 P06 nhét dong hoc, 25°C
2 Ty trong &, 25°c
3 Nhiét dd chép chay céc héd coc
4 Nhiét do s6i, °C

Tr bang 5 nhan thay, Do nhét doéng
hoc & 25°c cla chat nén DPI >50 cSt, Do
nhét déng hoc & 25°c clia chit nén DP2
tang 0,54 cSt khi két hop phu gia tinh
nang, khi ham lwgng phu gia tang B9 nhot
doéng hoc & 25°c cua chat nén DP2 > 50
cSt. Chat nén DP3 va DP4 c6 cac théng s6
ky thuat co ban thich hgp, gia thanh DP4
cao hon DP3. Vi vay chat nén DP3 duoc

Cac mau thi nghiém khao sat: PDMS
50/Phu gia: 97,9/2,1, ky hiéu DPI,
CLI/Phu gia: 97,9/2,1, ky hiéu DP2,
CL2/Phu gia: 97,9/2,1, ky hiéu DP3,
CL3/Phu gia: 97,9/2,1, ky hiéu DP4. Céac
théng sd co ban clia mau khao sat duoc
dua ra & Bang 5.

clia cac mau khao sat

DPI DP2 DP3 DP4
50,38 48,16 45,80 43,79
0,9580 0,9570 0,9563 0,9555

268 254 240 229
>260 >260 >260 >260

chgn lam chét nén cho cac nghién ctru san
xuat dau phanh DOT 5.

3.2. Khdo sat ham luwong phu gia trong
thanh phan dau phanh dat tiéu chuén
DOT 5

Tién hanh pha ché dau phanh dat tiéu
chuan DOT 5 c6 cac thanh phan cu thé
nhuw Bang 6.

Bang 6. bon pha chéva chi tiéu chat lvong cla
cac mau dau phanh khao sat ham luvong phu gia

Dau Dau
Pon vi san xuat phanh phanh
TN1 TN2
Chat nén DPI, %KL 97,94 96,69
Tributyl photphate 2,0 2,2
Di(2-ethylhexyl)
azelate 0 1.0
Diethylene glycol
methyl ether 0.05 0.1
Bot mau tim 0,01 0,01
Téng cbng 100 100
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Dau Dau Dau Dau
phanh phanh phanh phanh
TN3 TN4 TN5 TN6
96,44 95,59 94,59 94,19
2,4 2,2 2,2 2,2
1,0 2,0 3,0 3,5
0,15 0,20 0,20 0,20
0,01 0,01 0,01 0,01
100 100 100 100



Nhiét do s6i, °C >260 >260
PO bén nhiét ctia chat 05 05
l6ng, °C g =
b6 nhét déng hoc 25°c, 45,84 46,23
cSt

Ty trong 25°c 0,9561  0,9557
N’hlet doochcyp chay coc 237 235
hé coc, °C

Truong n& cuppen

(70°C -70 h), mm 1.67 L
Mau sac Mau tim  Mau tim

T Bang 6 nhan thdy cac mau TN2 dén
TN6 déu dat yéu cau muc tiéu dé ra. Sau
khi pha phu gia tinh nang vao chat nén
thay rang dé trwong nd cuppen cai thién
dang ké. Trwong né& cuppen mau TN1 la
1,67 mm, sau khi két hgp phu gia tinh
nang dat két qua téi wvu mau TN5 la 0,36
mm. Vi vay lya chon ty 1é phu gia tinh
nang dau phanh gom tributyl phosphate:
2,2% khoi lvgng, di(2-ethylhexyl) azelate
3,0% khoéi lwong va diethylene glycol
methyl ether 0,2% khéi lwvong.

3.3. Nghién ctru lwa chon céac théng so'
cong nghé cho qua trinh pha ché dau
phanh DOT 5

3.3.1. Khao sat anh hudng ctio nhiét do

Do cac loai phu gia chéng trwvong né&

>260 >260 >260 >260
-0,5 -0,5 -0,5 -0,5
46,28 46,55 46,90 46,99
0,9558 0,9553 0,9548 0,9542
233 233 231 230
1,16 0,64 0,36 0,35
Mau tim Mau tim Mau tim Mau tim

cuppen va chiu nuéc tan tét trong chat
nén PDMS, viéc tang nhiét dd quéa cao sé
anh hwéng dén chat lwgng phu gia voi
nhiét d6 qua thap lai khong dam bao viéc
dn dinh mau dau phanh DOT 5. Nhiét do
théng thuong dé phu gia tan trong dau
gbc la 50-60°C. DO vay, nhiét dd trong
khoang 50-60°C, duoc lva chon dé pha
ché.
3.3.2. Khao sat anh hwéng cta téc do va
thoi gian

Tién hanh khao sat téc d6 khudy 100-
300 vong/phut va thoi gian khao sat 10 va
20 phat. Sau quéa trinh khudy trén méau
dugc dé yén trong 24 h, tiép tuc ly tam
10.000 vong/ phut trong 20 phut. Ket qua
thé' hién Bang 7.

Bang 7. Anh huéng cua tdc do khudy va thoi gian

STT Ky hiéu mau Ccam quan

1 Mau 1 (100 vong/ phat, 10 phat Co6 hién twong ldng bot mau
2 Mau 2 (100 vong/ phuat, 20 phat C6 hién twong lang bot mau
3 M4&u 3 (200 vong/ phat, 10 phat C6 hién twong lang bot mau
4 Ma&u 4 (200 vong/ phuat, 20 phat Trong suot

5 Mau 5 (300 vong/ phat, 10 phat Cé6 hién twong lang bot mau
6 Mau 6 (300 vong/ phut, 20 phat Trong sudt
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Tlr BAng 7 nhan thay, toc d6 khuday tdi wu la 2004-300 vong/phut, thoi gian khudy 20

phut.

3.4. bon pha ché dau phanh dat tiéu chuan DOT 5
Qua khao sat thwc nghiém Iya chon dwogc cac thdng sb tdi wu cho quy trinh cong
nghé san xuét dau phanh DOT 5 theo so do Hinh 2.

H6n hop PDMS duoc phdi tron theo ty
Ié xac dinh, tiép tuc bd sung phu gia theo
so do. Nhiét do duy tri 50-60°C, t6c do
khudy tron 200-300 vong/phut trong subt
gua trinh. Két thic qua trinh, dé ngubi tw
nhién san phadm thu dwoc dau phanh
thanh pham DOT 5.

4. KET LUAN

Nhém tac gia da pha ché thanh cong
dau phanh dat tiéu chuan DOT 5 gdc Sili-
con két hop v&i cac phu gia tinh nang:
tributyl phosphate, di(2-ethylhexyl)
azelate va diethylene glycol methyl ether,
dap ng cac thdng s6 quan trong: nhiét
dd sbi > 260°C, trwong n& cuppen = 0,36
mm trong khoang cho phép 0,154-1,40
mm.

Qua viéc khao sat nhan thay, dau
phanh nghién ciu DOT 5 dap ng tiéu
chuan FMVSS Noll6. Nhw vay, xét vé
chat lwvgng, san phadm dau phanh DOT 5
nghién ctru c6 khd nang canh tranh v&i
san pham nhap ngoai, hoan toan phu hop
thay thé cac san pham dau phanh DOT 3
va DOT 4 trong twong lai.
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Lol cAm on

Nhom tac gid chan thanh cdm on B
Cong thwong da cung cap tai chinh dé
thuwc hién Nhiém vu: "Nghién clru quy
trinh san xudt dau phanh dat tiéu chuan
DOT 5".
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