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Vi sy gia ting vé lwgng cao su phé thai mét loai rac khé phan hiy nhu hién nay, thi viéc xi 1y, tin dung
cao su phé thai (CSPT) 1a vin dé dd dugc quan tim ngay tit khi cong nghiép cao su ra doi, vi vay da c6 nhidu
bién phép duge trién khai trong thife té dé tin dung ngudn nguyén liéu nay hodc han ché dén mitc thip nhét
tac dong cua loai chit thai nay dbi véi méi trudng. Mét ngudn thai kha 16n khac chinh 14 16p xe hu héng
duge thu gom tit céc garage stta chita 6 to, xe mdy 6 thé 1én dén 30-50 tén/ngay néu thu gom trén toan dia
ban tinh Ba Ria — Viing Tau. Qu4 trinh gia cong nhiét cho qua trinh nhiét phan bing phwong phap dbt khi
GAZ du cho v6 15 recator. Nhiét lvong méa nguyén liéu thai 16p xe cao su hip thu phu thudc nhidu vio cac
yéu t6 nhwt ngudn nhiét cip, phuong phép trao nhiét (bitc xa, dbi Iwvu va truyén din nhiét) va dic biét 1a
hinh dang kich thudc ctia 16p xe khi ting dién tich tiép xtic ngudn nhiét khi dwoc gia cong cit nhé. Qua cac
tinh todn nhiét, Trung tdm Nghién ctu Gng dung Vat liéu Xanh cta Cong ty TNHH GTS INNOLAB da xay
dung duge biéu dd gia cong nhiét va biéu dd cin bing vat chit hay biéu dd thay dbi khéi lvong nap liéu

ctia 16p xe va bavia theo thoi gian gia cong nhiét.

ABSTRACT

Waste rubber
Tire
Recator

Thermolysis

In the context of the current increase in the amount of waste rubber that is difficult to decompose, the treatment
and utilization of waste rubber (WR) has been a matter of concern since the rubber industry was born, so there
have been many measures implemented in practice to take advantage of this source of raw materials or minimize
the impact of this type of waste on the environment. Another large source of waste is damaged tires collected
from auto and motorbike repair garages, which can be up to 30-50 tons/day if collected throughout the entire
Ba Ria - Vung Tau province. The heat treatment process for thermolysis is carried out by burning excess GAZ
gas for the recator furnace shell. The amount of heat absorbed by the waste rubber tire material depends on
many factors such as the heat source, the heat transfer method (radiation, convection and heat conduction) and
especially the shape and size of the tire when increasing the contact area of the heat source when being
processed and cut into small pieces. Through thermal calculations, the Green Materials Application Research
Center of GTS Innolab Company Limited has built a heat treatment chart and a material balance chart or a chart

of changes in the fuel mass of tires and burrs over heat treatment time.

1. Gi6i thiéu va luin giai co s& khoa hoc

trinh truyén din nhiét va qua trinh bttc xa. Qua trinh trao ddi nhiét,

chuyén d6ng dong khi bc bén trong 16 sé anh hwdng nhiéu dén san

Nha may DVA ctia cong ty GTS tai Phti My, Ba Ria Viing Tau diing
khi du ti¢ san phdm nhiét phén thai 16p xe 6 t dé dét, nhiét lvgng thu
dugc sé cip cho 10 recater. Nhiét d6 mit vo ngoai va vo mit trong 16 sé

ting lén, nhiét 16p thai nguyén liéu 16p xe ciing din ting 1én, nh& qua
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lwong va chit lwgng diu khi thu duge.
Nhiét do Chay nhién liéu: ™ = G ™ .Q,, ¥ = (kcal/m?) )
Thanh phin chinh ctia khi GAZ du tai nha may DVA dugc néu
trong Bang 1.
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Theo tinh toan phin mém thi ty trong hén hop Nhién liéu khi
trén 12 0,76725 kg/m®

Vay nhiét lugng sinh ra tit chdy 1 m3 nhién liéu

g™ = G .Qy M = 0,76725 x 12128 kcal.m3 = 9305,208 kcal

Thé tich khi GAZ dv ctia DVA diing d6t cAp nhiét cho 16 reactor
¢6 thé chay khi ty 1& khong khi va khi 13 25:1, do lvgng gi6 thdi tir quat
9000 m?/h, nén lwgng khi d6t 1a 2m?

G ™ = 0,76725 kg/m® x 2 m®=1,535 kg/m°.

Nhiét luwong do khi dbt cip

q™ = G™ Q4" = 1,535x 12128 kcal.m® = 18.610,416 kcal

Bang 1. Thanh phan va ty 1& ctia cac khi Hydrocarbon trong hén hop

khi khong ngung tu.

St Chi tiéu thi nghiém vl B ““‘I:gsgﬁ)" thit | pedt qua

|| Thanh phan khi: %mol | D2163-14(2019)
- CHs 38,06
- CaHs 15,24
- Gl 5,85
- CiHs 11,19
- GHs 7,30
- iCiHuo 1,68
- n CsHio 3,60
- t-2CaHs 1,04
- 1 CiHs 2,10
- iCeHs 6,09
< c-2 CiHs 0,68
- neo CsHe2 0,22
- iCsHe 0,15
- n CsHiz va cac chit ndng hon 6,80

2 ﬁ‘;‘;‘hl‘;g:f)c tong (tinh todn tr | o, iy | D2163-142019) | 81,66

3 | Nhiét luong tdng callg | D3588-98 (2017)cl | 12128

Hinh 1. L6 nhiét phan -V6 16 bing thép A515.
2. Tinh toan nhiét d6 budng dét, san phadm khéi 16, nhiét dd

V0 10 reactor

Xéc dinh nhiét d6 t2,, va nhiét d6 thuc té trong budng dbt
Tinh nhiét tri
Q. = 30,2CO +25,7H,+ 85,3CH,+ 142C,H, + 152C,H;
+217C,H, + 283C,H, o+ 56H,S (2)
Do 16 @6t c6 hiéu suét sit dung nhiét Khéng cao, tam tinh =0,7
thi gia tri Q . * = 7604 kcal
Do vay

v
%00 = Loax = —2h—,1710C = 7604/(37,,1 x 1,463 KJ (0,235 Kcal) =872 °C

)
VspcCspe

Q[2- Nhiét tri 1am viéc thip : 7604 kcal/m?

San pham chay khéi 16

Vio® = 0,79 V° + 0,8 N /100 (m>.C/kg)
= 0,79x 11,69 + 0,8x6,387/100=9,235+0,0511 =9,286 m?
N, = 79/21 O, = 3,762 0, m3.ch
N = 1,251N2/[py, +(d+a)/100]
=1,251x3,762/(0,8063 + (50 +5)/100 = 6,,387

Khéi lvgng riéng cta khi kho: py = 0,8063 (kg/m,>); DO chita
hoi chét khi: d =50%;Ndng do bui trong chit khi: a =5 %;
Vroz =0,01[ CO,+CO+ CH4+H2S +nCnHm], (m3.C/m>C)

=0,01(1,81 + 3x5,76 + 4x3,48 + 4x16,02 + 5(1,58 + + 1,93+ 2,8 +

7,46 +1,8+6,25+9,77 + 1,04 +2,37) + 6x(1,76 + 1,67 + 13,76 + 1,03 +
1,1)=0,01(1,81+17,28 + 13,92 +64,08+175+116,28 =3,884 m?
Vio® = 0,01 (H,S+H,+2CH,+2m CnHm +0,00016dV]

=(6x0,63 + 6x5,76 +10x3,48 + 8x16,02 + 1x2,36 + 10x(1,58 + 7,
46+1,8) +12x1,93+8(6,25 + 1,04 +2,37) + 1x9,77 + 14x1,76 + 12x11,
67 +1x113,76 + +12x1,03 +8x1,16

=3,78+34,56 + 34,8 +128 +2,36 + 92,6 + + 23,16 +77,28 +9,7
7+113,76+ 12+ 9,28 = 0,01 x 541,8 =5,42 (m3.C/m>3Ch)

Vay tbéng thé tich san phidm khéi 10: SVkI = 9,286 +
3,884 +5,42=18,59 m*/m°Ch

Thé tich khéi tao ra tit 2m? khi GTS 1a 37,1 m®

Néu tinh theo Téng nhiét luwgng, bang 1 thi nhiét d6 budng dbt

to . =% _ 12128/(37,1 x0, 235) =1391,06 °C

VspcCspe
trong dé:
Q¥ — Nhiét tri cao
Vipe — thé tich san phim chéy (bing tdng céc thé tich chay thanh phin);
Cspc — ty nhiét ctia san phim chdy, kCal/m*C.

Nhiét d6 chdy thuc té

Xéc dinh nhiét do chay thuc té bing cach tinh 1a rdt khé khin, vi
diéu kién da dang va phiic tap clia trao nhiét trong budng dbt cé vat
liéu gia cong. Ngudi ta thuong bidu dién méi lién hé giita nhiét d6 calo
va nhiét d¢ thyc té thong qua mot hé sb:

Tity thudc vao ciu tao ctia 10, vao ché do nhiét hé s6 1) dao dong trong
khoang tit 0,6 dén 0,85. Nh& c6 hé sb nay ta c6 thé chon hodic danh gia
50 bo chét Iuwgng cta nhién liéu cin sit dung.

Chon gié tri 7 tity thudc vao cudng d6 toa nhiét (hay téc do chay)
ctia nhién lidu (tbc d6 chay cang 16n gia tri 7cang cao), cong sudt clia
16 va tbe @6 dong khi néng. Do quat thdi c6 cong sudt 9000 m3/h va
quat hit manh nén ching ta 14y » = 0,63, nhiét d6 thuc t& hay nhiét
d6 bé miit ngoai 16 sé tinh nhu sau:

Vay nhiét d6 thuc té:

£% = t0,, X1 = 1391,06 x0,63 = 876,368 oC

Tit khai niém v& nhiét d6 calo chiing ta c6 thé tinh duwgc nhiét
ctia san phim khéi 10:

Qspe =t Cope. Vape, kCal/kg(m?) = 876,368 x 37,1 x 0,325 = 10.566,805 keal
trong d6 Q. - nhiét 1y cua san phim chay clia m6t don vi nhién

liéu tao ra.
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Biét nhiét 46 mit ngoai v6 10, chiing ta c6 thé tinh nhiét d6 miit
trong vo 10
Q=UxFxATxT)/a=UxFx(Tng—-TtrxT)/a 2)
Trong d6
Q- Nhiét lwvong cung cip ctia khéi 10, kcal
£ -Hé s6 dan nhiét cta thép A515, diy mm
F — Dién tich tiép xtdc, m?
AT- Chénh 1éch nhiét d6 trong va ngoai vo 10, °C
T - Thoi gian nhiét truyén qua, h
a- Po day vo 16 reactor, 22 mm
Chiing ta c6 thé tinh theo cong thiic 3:
Q =Cx mx (Tng - Ttr) 3
+ Khéi Itgng vo 16 reactor: M thld = 10600 kg
+Q-Nhiét lvong duwoce cdp = 10.566,805 kcal
+ Cth - Nhiét dung riéng ctia sit 12 460 J/kg.K ( 1 j hay 0,107 kcal)
+ (T tr) — Nhiét d0 trong 10
+Tng — Nhiét d6 ngoai 1o
10.566,805 = 10600 x0,107 (872 - Ttr)= 1134,2 (872-Ttr)
872 - Ttr = 10.566,05 /1134,2 > > > Ttr = 872-9,316 = 862,683 °C

Nhu vay

Nhiét d6 bé miit trong cta 16 nhiét phan dat cao nhét: 86,683 °C,
Khi mit ngoai dat nhiét &6 872 °C. Do nhiét lwong do dbt khi du Khong
déu, nén nhiét dé6 mit trong 16 thudng 14y 650 — 880 °C.

3. Khi dong hoc ctia dong khi béc

Dong khi bén trong reactor Khong phai 1a san phdm khéi nhu
khéi 16 ma 1a cac chit béc C-H véi céc nguyén t6 sinh ra tit nhiét phan
nguyén liéu cao su. Khi dong hoc v& sy chuyén dong ctia dong khi néng
trong 16 chti yéu do nhe, tach din ra khéi khdi cao su va béc 1én. Giai
doan diu khi béc lo litng trong khoang khéng ctia 16 reactor nhu clia

nha méy Nhiét phan 16p xe 6 t6 DVA, c6 thé tich

Thé tich 16 = nR*h (16 ¢6 hinh tru R=1,5m, h=7m)
= 3.14 x 1,52 x 7 = =49.455 (m®)

Dong khi béc tiép nhan nhiét lvgng blc xa tit mét trong vo 10 va
lwong nhiét d6 ciing 1 phdn dugce truyén vio bé mit 16p nguyén liéu
cao su. Do lic hiit civ@ng biic tit quat hit, dong khi béc sé dich chuyén
ra ngoai vao thiét bi ngung tu, tao dau.

Dong khi trong thiét bi nhiét phan chuyén dong dwoc nhd tac
dung cua ndi va ngoai luc.

«  Noi luc: lue nay xuét hién ngay chinh la céc san phém khi
bbc ctia qué trinh nhiét phan. N6 c6 duwgce do sy chénh léch vé trong
lvong riéng ctia khi

* Ngoai lyc: luc nhan tao tdc dung tit bén ngoai, luc nay tao
nén ap lvc hodic chan khéng bét dong khi chuyén déng ma khéng cin
c6 su chénh léch trong lwgng riéng.

Dong khi chuyén déng trong 16 nhiét phan, (khi o quat hiit):

- & viing néng, khi bbc dwoe ddt néng nhd tiép xtc truyén nhiét
va tit btic xa, tao ap suét thé niing ctia dong khi hinh thanh v khi néng
chuyén dong 1én cao va bi diy ra ngoai. Tai dinh 16 ap suét thé ning
chuyén thanh 4p sut tinh, du

- Néu ta tic dong vao dong khi mot ngoai luc

Nhu vay, néu Khoéng c6 ngoai luc nao dat vao khéi khi bbc thi
khéi khi chuyén déng huéng 1én dinh 15, con tudng va lép 16 1a vach
khong khi. Trong méi truong Khong c¢6 Khong khi nhu 16 nhiét phén,
chiing ta nén dit & gitta 18p 10 16 dé day khi béc ra, sy chuyén déng cua
dong khi dugce ting tde khi c6 quat hit

Nhiét lvong ctia khdi Nguyén liéu cao su cit thanh miéng nho,
s& hap thu va 1am ting nhiét d6 1én din dén 500 °C, theo diing biéu dd
nhiét phan Hinh 1 va biéu dd hiéu suAt san phim nhiét phan hinh 2

Qud trinh truyén nhiét tit bé mit trong cta vo 10 cho khéi thai
cao su, thé hién nho 3 dang chinh:

Dang tht nhét: tit b& mit trong 16 nhiét phan c6 nhiét d6 650-
880 °C nh¢ qué trinh truyén nhiét, cdc hat cao su nhé nhén nhiét lvgng,
néng din va truyén cho cac hat khac phia trén. Do 16 chuyén déng quay,
cac hat nhv dugc dio rang nhidu 1An va qué trinh d6 tiép dién

Dang thi¢ hai: nhiét ctia khéi cao su bim nho nhan dugc tit bé
mat trong vom tron phia trén cta 10 nhiét phén, ciing do nhiét d6 cao
dén 880 °C, do cic tia biic xa truyén thing dén. Pay 1a dang truén nhiét
16n nhét, hiéu qua nhit

Dang tht 3: Dang khi bc chita hop chit CH, & giai doan diu khi
chi vira tao thanh tit nguyén liéu cao su bdm cé nhiét ¢d 500 °C, nhung
trong 10 nhiét phan kin nhiét d6 (Tmax) c6 thé dat trén 800 °C va khi
d6 nhiét d6 khi bbc ciing ting va dong khi d6 sé chuyén dong hwéng di
1én va dugc hit din ra ngoai. Con lai ciing ¢6 1 lwong khi d6 di 14n
theo vit tai Cdc bon den ra ngoai. Nhiét lugng cta dong khi nay ciing

truyén nhiét nguoc lai vao khéi nguyén liéu cao su min.

4, Xay dung bidu dd gia cong nhiét va biéu db thay dbi hiéu

sut san phidm nhiét phan

Nhu vay xét theo biéu db Hinh 1, thi nhiét d6 t6i wu cua dong
khi bén trong reactor 300 -500 °C sé& cho Iwgng khi diu nhiéu nhét.

===Tire Sidewall =

NR =—=ExienderOi =—=SBR =—=BR

0 50 100 150 200 250 300 350 400 450 500 550 600
TEMPERATURE, OC

Hinh 1. Biéu d nhiét phan cac thanh phin cua 16p xe theo nhiét do
(theo Yang,J., Kaliaguine, S., and Roy, C., Rubber Chem. Technol.,
66 (1993) 213-229).
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Hinh 2. Biéu db thé hién sy thay dbi hiéu sudt ctia san phim nhiét
phéan theo nhiét d6 (theo C.Roy, A.Chaala, H.Darmstadt, B. deCaumia,
H. Pakdel, and J. Yang, Conversion of used tires to carbon black and

oil by pyrolysis).

Dua vao cac thoéng sb tinh toan, chiing toi da xiy dung biéu dd

gia cong nhiét (Hinh 5).

Biéu do nhiét phin 10p xe va dé giay bavia

Thei gian (gié

Il I

Qua trink nap Wéu Qui trinh iy than

Hinh 5. Biéu d duong cong nhiét do vo 10 va nhiét do nguyén liéu.

T - Nhiét @6 mat trong thanh vo 10; t — ,, Nhiét @6 nguyén liéu

Téng chu ky nhiét phan: =T = 11h (Thoi gian gia cong nhiét 1a
8 h, thoi gian thdi than ra-3 h)

Qua thit nghiém thim do, bai todn tinh cin bing vat chit hay
thay dbi khéi Ivgng nap liéu ctia 16p xe va bavia theo thoi gian gia cong
nhiét, thé hién qua biéu db Hinh 6:

Khéi lwgng Nguyén liéu dira vao 16: 15.000 kg

Khéi lwong diu: 48,7 % - 7.305 kg

Khéi lwgng thai Carbon black: 36,6 % - 5490 kg

Lugng khi gaz Khong ngung tu: 14,7 %- 2205 kg

Hinh 6. Biéu db thay dbi khéi lvgng nap lidu ctia 16p xe va bavia

theo thoi gian gia cong nhiét.

Dé xay dung biéu db gia cong nhiét 16p xe cho nha may Nhiét
Phan Nhat Minh, Hinh 5, Ban Giam dbc GTS va Trung tm INNOLAB da
dya theo céc tai liéu khoa hoc, cdc bidu dd Hinh 1,2 va tinh toan theo
nhiét ¢ khoi 10, nhiét do mat ngoai va mat trong 10 reactor
Chu ky gia céng nhiét phu thudc rit nhidu vio cic yéu té nhu: nhiét
lwong cung cép, thoi gian tdc d6 gia nhiét, kich thuée va hinh dang
ngudn nguyén liéu 16p xe
Kich thuée vién cao su lam thay dbi ty dién tich bé mit, hinh
dang ctia né 1am thay d6i kha niing chiém chd theo thé tich trong khéng
gian 16 nhiét phan (ctia nha may DVA gin 50m®). Két qua da 1am thay

dbdi san lvong diu vao, giam thoi gian gia cong nhiét
5. Anh hudng Gia cong co hoc, cit nhé nguyén liéu 16p xe

Céc thong s co ban 1a sy thay dbi v& kich thude cac hat duge

gia cong co hoc- bam nho 16p xe thanh cac vién 2-4 mm.

Hinh 3. Lép xe dugc cit thanh cac vién nhé.

Db i tilp e i tich sdp vt ”

13778786 1622 2441817086 893582178 67 15054389

Hinh 4. Thé tich chiém chd caa 16p xe va céc vién.

Hinh 3,4 1 céc loai 16p xe dugc bim nhé 2-4 mm, di tao ra cic
diéu dic biét sau:
- 86 vién nhé: 991.971 vién

- Dién tich ctia 16p xe truée khi bam: 1.656.778,27 mm?
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- Téng Ty dién tich ctia cac vién nhé: 160.889.764,884 mm? (ting
hon dién tich bé mit 1 16p 14 -97,1 14n)

Thé tich 1 vién: 5,67 mm3> > > Tdng thé tich 991.971 vién la:
5.624.475,57 mm?

- Thé tich 1 16p: 85.358.217,5 mm? (16n hon tdng thé tich cta
991.971 vién 1 -15,176 lan)

Nhu vay thé tich chiém chd 16p xe bam nhé hon 15 14n, 1am ting

kha niing tiép nhan Nguyén liéu

Nhdn xét

Khi ty dién tich ctia cic vién bam ting hon 97 13n, qué trinh
truyén nhiét, hip thu nhiét ciing sé ting 1én nhidu, th&i gian nhiét phan
cho 1 chu ky sé giam di

- Nhiét Iwgng thu duge clia cac vién bim: Q 1.truyén, hip thu =
(AxF1x ATx T /d

- Nhiét lwgng thu dugc cta 16p xe, Khoéng cét bam: Q 2.truyén,
hdp thu = (AxF2x ATx T)/d

Khi F1 > F2-97,1 l4n, thi Q1 > Q2 97,1 lin

Nhiét d6 vo 10 trong, ngoai s& giam dugce hang 100 °C, tao diéu

kién cho qua trinh d6t gian tiép, giam do #n mon cho v6 16

6. Tinh nhiét cung cip va nhiét tiéu thu
6.1. Nhiét wong do v6 16 cdp

Nhiét lwgng caa vo 10 tit 100-650 °C, sau 2,5 h:

Qc = cxm x At = 239 x10600 x 550 =1.393.370.000 kcal
Nhiét lvgng v6 16 cip trong 2,5-6,5 h (4 tiéng):
1.393.370.000 x 4= 5.573.480.000 kcal

Téng: 6.966.850.000 kcal

6.2. Nhiét iong tiéu tdn cho qud trinh nhiét phdn

Nhiét lvgng nang nhiét: 30-100 °C: Q1 =cm (T2-T1)= 239 x
15.000 (100 -30) = 250.950.000 kcal

Nhiét lwgng néng nhiét: 100-200 °C: Q2 =cm (T2-T1)= 239 x
15.000 (200 -100) = 358.500.000 kcal

Nhiét luong nang nhiét: 200-350 °C: Q3 =cm (T2-T1)= 239 x
15.000 (350 -200) = 537.750.000 kcal

Nhiét lvgng ning nhiét: 350-450 °C: Q4 =cm (T2-T1)= 239 x
15000 (450 -350) =.358.500.000 kcal

Nhiét lvgng néng nhiét: 450-500 °C: Q5 =cm (T2-T1)= 239 x
15.000 (500 -450) = 179.250.000

Nhiét tht toat bi mét do cic Thanh phin khi va carbon black
mang di -45 %

Téng 20ttt = 1.684.950 x 1,45 =2.443.178 kcal

Nhdn xét:

Nhiét cAp van 16n hon nhiét tiéu tén cho qua trinh nhiét phan
7. Kétluan

1. Nhu vay nhiét d6 t6i wu ctia dong khi bén trong reactor 300 -
500 °C sé& cho luong khi diu nhiéu nhét.

2. Nhiét phan 16p xe va bavia & dang thiét bi mé thi nhiét d6 tbi
wu nhét 1 500 °C, téc d6 gia nhiét khoang 3-5 °C/phiit va thi gian lvu
tAm 8h.

3. Téng chu ky nhiét phan: ST = 11 h (Thoi gian gia céng nhiét
cho nhva 1a 8h, thoi gian thdi than ra-3h).

4. Néu cét nho 16p xe kich thuée 2-4 mm, c6 thé < 1mm thi qua
trinh trao d6i nhiét sé nhanh hon va giai doan nhiét d6 t6i wu (c6 thé
250-450 °C) dé tao khi diu cao nhét c6 thé giam, chu ky nhiét phan sé
giam theo.

5. Nhiét d6 bit ddu nhiét phan c6 thé bt diu sém, tir 2h sau dbt
1. Két qua 1a luwong khi bbe sé& san déu hon trong thdi gian 3h, sé bét
gay tich tu khi bén trong ngudn thai C den.
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