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Tom tit:

Chat thai ran duoc thai ra trong qué trinh khai thac va tuyén than ciing 13 mot nguon
tai nguyén co thé tai ché, viéc phét trién cong nghé tan thu téi da tai nguyén than da khdng
chi nang cao loi ich kinh té cho doanh nghiép, cai thién co cau san xuat cia cac mo than
ma con cai thién moi trudng sinh théi, giam chiém dung dat. May tuyen kho thong minh
da duoc sir dung rong réi trong linh vyc tuyen than d4, nhung né hiém khi dugc sir dung
trong viéc tan thu téi da tai nguyén chat thai ran. Bai viét nay trinh bay cac nguyén 1y co
ban, ung dung va cong nghé 18i caa may tuyén kho théng minh, ¢éng thai phan tich ham
lugng tirng thanh phan caa chét thai ran tai mot mo than & Son Tay - Trung Qudc. Trén co
s d6, tién hanh thi nghiém tuyén chat thai ran bang may tuyén khé thdng minh. Két qua
nghién cttu cho thdy may tuyén khd théng minh c6 kha nang tach tt ddi véi pyrit, than da
va d4 sa thach cd trong chat thai ran cua mo, dap ng nhu cau str dung cua cac nganh cong
nghiép tiép theo.

Tir khoa: Tuyén khé théng minh; than d4; sa thach; tan thu téi da

Abstract:

Coal guague discharged during coal mining and extraction is also a recyclable
resource, the development of technology to make the most of coal resources not only
enhances economic benefits for enterprises, improve the production structure of coal mines,
but also improve the ecological environment, reduce land occupation. The intelligent dry
separator has been widely used in coal guague separation, but it is rarely used in utilization
of coal gangue resources. This article presents the basic principles, applications and core
technologies of intelligent dry separator, and analyzes the content of each component of
coal gangue at a coal mine in Shanxi - China. On that basis, conduct an experiment to
separate coal gangue by intelligent dry separator. Research results show that the intelligent
dry separator has a good separation effect for pyrite, coal and sandstone in the mine's coal
gangue, which meets the needs of further industrial applications.

Keywords: intelligent dry separation; coal gangue; sandstone; comprehensive
utilization of coal gangue resources

1. Mé dau

Chat thai ran (CTR) duoc thai ra trong quéa trinh khai thac than va tuyén than, 1a loai
d4 mau xam den, ham luong cacbon thap, cing hon than da, gan lién véi cac 16p xen ké
trong qua trinh khai thac céc via than va trong qua trinh hinh thanh than. Thanh phan chinh
cuaa no la Al203 va SiO», ngoai ra né con chira mot lugng khac nhau Fe20s, CaO, MgO,
Na20, K20, P20s, SOz va cac nguyén té hiém (gallium, vanadi, titan, coban).



CTR la mét trong nhitng chét thai ran I6n nhat ¢ Trung Qudc ciing nhur tai Viét Nam.
Viéc tan thu t6i da CTR c6 gia tri kinh té 16n, gop phan bao vé moi truong va day la mot
van dé cap thiét duoc nghién ciu trong nhitng ndm gan day dé giai quyét vé van dé moi
truong. Cac hudng nghién cau chinh bao gém tinh ché va thu hoi than d4, silic, nhom, titan
va céc thanh phan cd ich khac trong CTR [1-4]; Biéu ché chat xuc tac qguang, chét hap phu
va tao phan tir zeolit dé xu 1y nudéc thai; Thay the 'khoang sét dé san xuat bé tong, xi mang,
gach va cac loai vat liéu xay dung khac; Cai tao dat, chuan bj gia thé trong cay, phan bon ..
La vat liéu lap dé san Iap, 1p nén dudng, cai tao cac khu vuc sut 1Gn mo than,; phat dién
va chuan bj gidy, v.v. Nhitng nghién ciru ndy cha yéu tap trung vao viéc sir dung CTR, it
nghién ctu khai thac cac thanh phan cé gia tri trong CTR, hoic da s st dung phuong phap
héa hoc, khé tng dung trong san xuat cdng nghiép. Céng nghé tuyén khé théng minh dua
trén cong nghé quang dién va thuat toan tri tué nhan tao dugc nghién citu nhiéu hon trong
cac truong hop tach than trong CTR, dong thoi ¢ nhiéu ting dung cong nghiép hon, nhung
it nghién ctru hon vé viéc tan thu toan dién CTR. Dua trén cdng nghé quang dién va thuat
toan tri tué nhan tao dugc nghién curu trong cac phuong an phan tach va tach than [16-19]
va c6 nhiéu tng dung cong nghiép, nhung it nghién ciiu vé viéc sir dung toan dién than da,
bai viét nay nghién ctu tng dung ctia may tuyén kho thong minh trong linh vyc tan thu
toan dién CTR va thao luan vé kha ning ¢ng dung cia may tuyén kho théng minh trong
viéc khai thac va tach céac khoang chat c6 ich tir CTR
2. Khai quat chung

CTR la mot loai da c6 d6 tro hon 50% duoc sinh ra trong qua trinh xay dung, phat
trién, khai thac va tuyén ria than trong cac mo than. La loai ¢ mau xam den, ham luong
cacbon thap, ciimg hon than da, gan lién trong c4c via than trong qua trinh hinh thanh than,
bao gdom khai thac trong qua trinh dao dudng 10, via khai thac tir mai, san va 16p xen k&
trong qua trinh khai thac va qua trinh rira than. lugng phét thai cia CTR tuong duong 10%
dén 15% san luong than da. Theo dit liéu dugc tinh toan trong "Bao c&o phat trién san xuat
cdng nghiép tan dung toan dién chat thai ran céng nghiép khéi luong 16n cia Trung Qudc
giai doan 2021-2022", trir lwong CTR ¢ Trung Quéc 1a khoang 7 ty tan va dang ting 1én
hang ndm, nim 2021 san luong CTR khoang 743 triéu tan [1]. Tai Viét Nam céc vj tri bai
thai do Tap doan cong nghiép Than - Khodng san Viét Nam quan ly véi dién tich khoang
2.425 ha c6 tong trir lugng khoang 1,666 ty m3. Mot luong Ion CTR chét déng khéng chi
lang phi tai nguyén, chiém dung dat ma con gay 6 nhiém dat va nudc, cac chat dé chay
chta trong CTR duéi nhimg diéu kién nhat dinh s& tu nhién sinh ra khi thai doc hai, gay 6
nhiém khong khi.

Péng thoi, CTR ciing 1a mot ngudn tai nguyén co thé tai ché. Sau khi gia cong xir
ly, cac khoang chit cd ich trong CTR c6 thé duoc sir dung lam vat liéu xay dung, 1am gém
str va céc san pham héa hoc, nhiét dién than. Viéc phét trién cong nghé tan thu toi da cac
ngUOn tai nguyén CTR khong chi lam téng loi ich kinh té cho doanh nghiép, cai thién co
CAU San Xuat cua cac mo than ma con cai thién méi trudng sinh thai, giam chiém dung dat.

Hién nay cong nghé tach chon than chii yéu duoc chia thanh cac phuong phap nhu
thii cong, udt va kho. Hiéu suat cua viéc tach chon CTR thu cdng thap va bi anh huong rat
nhiéu boi cac yéu td con ngudi. Cac phuong phéap tach chon than co gii hoa, trong moi
truong nang ¢ nhitg nhuge diém nhu chi phi dau tu va van hanh cao, céng nghé phic
tap, xir Iy 6 nhiém moéi truong kho khin. May tuyén kho théng minh 1a mot loai cong nghé
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tach khoang khd méi dya trén cong nghé tia X va tri tué nhan tao, c6 dic diém 1a muc do
tu dong hoa cao, 46 chinh xéac phan tach cao, khong can nudc, quy trinh don gian. chu yéu
duoc str dung dé thay thé qua trinh xur 1y thi cong cac vat liéu cuc ¢ hat 6 — 450mm, chon
thi cong bang tay, sang dong. Trong linh vuc toan dién vé tai nguyén CTR, may tuyén kho
théng minh c6 thé phan loai thém céc thanh phan khéac nhau trong CTR va cac khoang vat
khéc trong quing, nang cao chét luong khoang vat co ich, tao diéu kién dé tiép tuc xu ly
va st dung khoang san.
M@t s6 hinh anh CTR hinh thanh thai ra trong qué trinh khai théac than

2. Giéi thigu may tuyén kho thong minh

2.1. Nguyén ly ciia may tuyén kho théng minh

May tuyén théng minh sir dung tia X duoc tich hop cac quang pho khac nhau dé phat
hién céc loai khoang vat, khoang vat c6 su khac nhau vé ciu tric bén trong va thanh phan
vat chat. Thuat toan Al s& nhan dang thoi gian thuc, phan loai chinh xac véi ché do tién
tién tiy chinh c6 thé dugc c6 thé nhan tach quing khoi chat thai hoic tach thanh céc san
pham.

May tuyén kho théng minh 1a mot loai thiét bi tuyén quang tu dong hoa dang kho kiéu
méi dugc tich hop cac quang phd khac nhau dé phat hién cac loai khoang vat, khoang vat
c6 su khac nhau vé cau triic bén trong va thanh phan vat chat.

dwra trén cong nghé tri tué nhan tao va hinh anh tién tién dwoc nghién cau va phat trién
boi Trung Quéc nhitng nam gan day. Loai thiét bi nay sir dung cong nghé quét da phd toan
pho tia X nang luong kép/anh sang kha kién dé thu thap hinh anh vat liéu, théng qua cong
nghé nhan dang hinh anh hinh anh Deep Learning dé phan tich hinh anh, nhan biét loai
khoéng vat, vat liéu, diéu khién chinh xac gi6 ap suit cao dé théi va loai bo quang dudi, da
thai hoac cac tap chat khac, dong thoi tuyén chon nang cao chat lwong quang tu dong,
chinh xac, hiéu qua cao, tiét kiém niang luong [2].



Nguyén liéu
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Hinh 1: Thanh phan caa may tuyén kho théng minh quang dién va thiét bj déng bo
MTTM dugc sir dung dé tuyén nhitng loai khoang san sau:
+ Quang kim loai mau: Quing dong, thiéc molypden, chi kém, antimon, dong —
niken, liti ...
+ Quang phi kim loai: Quang apatit, flourit, thach anh, magiee, fenspat, mica ...
+ Kim loai quy: Vang, bac ...
+ Kim loai den: Quang Sat, mangan, crom ...
+ Than, d4 phién dau, caolanh ...

2.2. Thanh phan chinh, nguyén ly cia may tuyén kho théng minh
2.2.1. Hé théng hinh anh truyén tia X ning luong kép

Boi vi hau hét cac duong van bé mit khoang san, mau sic va cac dic diém khéc 1a
twong ty nhau, nén cdng ngh¢ hinh anh phan loai truyen thong khong the thu duoc cac dac
tinh vat liéu mot cach hiéu qua. BE dat dugc hiéu qua phan loai tot hon, may tach kho
thdng minh sir dung hé théng hinh anh tia X ning luong kép dé thu thap két cAu bén trong
va thong tin truyén dan cua vat liéu. Phuong phép truyén tia X 1a phuong phép phan loai
vat liéu bang céach sir dung céc hiéu tng vat ly khac nhau do vat lidu tlep xuc vai tia X tao
ra va cac vat liéu khac nhau cé thé dugc phan biét theo su khéc biét vé mac hap thu tia X
[10-11].

May do tia X 1a md-dun cam bien nhan tin higu va chat lugng hinh anh ¢6 lién quan
mat thict den hiéu suat cua may do tia X. Cac thong so chinh cia may do bao gom d6 phan
giai khong gian, tinh dong nhat cta phan hoi, d6 nhay twong phan, dai dong, toc do thu
nhan va toc d6 khung hinh, v.v. [12-13].

2.2.2. Hé théng nhan dang hinh anh Deep Learning
Khéi niém Deep Learning bat nguon tir nghién ctru vé mang lui than kinh nhan tao.
Deep Learning két hop cac tinh nang cap thap dé tao thanh cac danh muc thugc tinh biéu
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dién cap cao triru tugng hon hodc cac tinh nang dé kham pha cac biéu dién tinh ning phan
tan cua dir lieu [14]. Dya trén thuat toan Deep Learning, may tuyén khd théng minh s& thu
thap mot s6 luong nhét dinh cac hinh anh mau duoc sap xép va dit nhan trén céac hinh anh
mau dién hinh da chon théng qua phan tich may phan tich huynh quang tia X, phan tich
cau tric bé mit va cac phuong phap khac, cac nhin duoc dit trén cac hinh anh mau dién
hinh di chon dé xay dung mot bo dir liéu hinh anh dé dao tao. Khi gap quing thd co thanh
phan khac nhau, 16 khac nhau, hé thdng c6 thé tu tim hiéu va diéu chinh cc théng sé nhan
dang trong pham vi nhat dinh dé dam bao hiéu qua phan tach 6n dinh. Thanh phan cua hé
théng duoc thé hién trong hinh 2
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Hinh 2: Hé théng nhan dang truc tuyén dua trén Deep learning
2.2.3. Hé thdng thuc hién phan tach

Hé thong thuc hién phan tach cia MTTM chu yéu bao gom xi lanh phy thuc hién
va cut voi phun duogc két ndi véi xi lanh phu thuc hién [15]. Hé thdng thuc hién phan tach
phan loai nhan dau ra tin hiéu phan loai bang hé thong nhan dang truc tuyén, diéu khién
gio &p suat cao thdng qua viéc mg va dong van dién tir, dong thoi phun théi vat lidu trong
qua trinh bay cua vat liéu muc tiéu dé thuc hién phan loai vat liéu ty dong.

Hé thng thyuc hién phan tach co thé linh hoat chuyén d6i so do phan tach phuong
an phan tach phun thoi theo yéu cau vé do chinh xac cua san pham va loai quang dau vao.
3. Két qua thi nghiém cong nghiép tach CTR

Mau nghién ciu 1a nguon CTR cia mo & Thai Nguyén, Son Tay, Trung Quédc. Mau
chra mot lwong nhat dinh pyrit, sa thach, than d4 va ban thai, can phai phan tach ting
thanh phan trong CTR dé nang cao chét lugng cua tirng san pham trudc khi ¢6 thé st dung
tiép. Nghién cau nay st dung MTTM duoc st dung dé phan tich thanh phan, md hinh hoa
dir liéu va thi nghiém kha nang tach cua pyrit, da sa thach, than da va bun thai trong CTR
ctia mo va thao luan vé kha ning thich ung caa MTTM trong viéc 1am sach va tach céc
khoang vat c6 ich trong CTR.

3.1. Thanh phan hé thong thi nghiém

Hé thdng thi nghiém Iay may tach kho thong minh quang dién lam chu thé va duoc
trang bi mot tram cap khi bao gdm may nén khi va binh chira khi. Model may tuyén kho
thong minh quang dién la PIDS-1800-A01, sang rung 16 50mm.
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Hinh 3: So d6 hé thong thiét bi thi nghiém
3.2. Thiét Iap tap dir liéu va mo hinh

D¢ thiét 1ap m hinh thuat ton phan tach cua MTTM, chung t6i da tién hanh lay
mau phan tich thanh phan va nhiét tri cua than trong mo va cac tinh chat khac cua CTR
trong mo. Mot phan mau dugc chon dé lay mau va dan nhan, dong thoi xay duyng bo dir
liéu thuat toan dé tao mo hinh. Phuwong phap lua chon tap dir liéu nhu sau:

_ Tap dit liéu Than da: 950 khéi quang c6 ty trong nho hon 1,8 g/em® da dugc lay
mau va dan nhan la san pham than da; 900 mau quang co ty trong lén hon 1,8 g/em® da
duoc lay mau va dan nhan la mau CTR.

Tap dix liéu pyrit: Do mirc d6 nhan dang quang c6 ham lugng pyrit cao hon, tap dix
licu nay ap dung phuong phap chon thu cdng, cudi ciing chon 900 mau pyrit, duoc lay mau
va dan nhan 1a mau pyrit.

Tap dir liéu da sa thach: 900 mau da sa thach va 900 khoi mau khong phai da sa
thach duoc chon tha cdng, dugc lay mau va dan nhén la tap di liéu da sa thach va khong
phai da sa thach.

Ba loai tap di liéu duoc thiét 1ap va hoc riéng biét, cudi cing thu dugc ba mé hinh
phan loai.

3.3. Thi nghiém tuyén tach
3.3.1. M0 ta phuong an thi nghiém

D& nghién ciru higu qua phan tach cia MTTM doi véi CTR (sau day goi la nguyén
liéu) dugc tao ra trong qua trinh san xuat cia mo, chung toi tien hanh 3 thi nghiém tach
than d4, tach pyrit va tach sa thach. Doi véi moi thi nghiém lay 3 doan nguyeén liéu, thong
ké ti 1€ trung binh cua tirng thanh phan trong nguyén liéu dau vao;

Ddi voi dau ra cua thi nghiém téch than d4, nhiét trj duoc tinh; doi véi céc thi nghiém
phan tach pyrit va phan tach da sa thach, dau ra sau khi tach dugc tinh ty I€ thanh phan cua
dau ra.

3.3.2. Két qua thir nghiém
3.3.2.1 Thi nghiém t&ch than da



Tuyén lay ra 3 san pham, khoang vt c6 ty trong < 1,8 g/cm? chiém 0,97% trong
lurong nguyén liéu irng vai nhiét tri trung binh 976 kcal/kg. St dung may tach kho théng
minh dé phan tach, sau khi phan tach nhiét tri cua cac san pham tao thanh 1a 2906 kcal/kg
& muc thap nhat va 3250 kcal/kg & muc cao nhat.
3.3.2.2. Thi nghiém phén tach quang pyrit

Nguyeén li¢u pyrit duoc ldy ra 3 14n va ty I¢ trong luong cua quing sat pyrit da dugc

tinh toan thé hién trong Bang 1. Ty I¢ pyrit trong nguyén li¢u dau vao tuong ddi nho, ty I¢
téng trong lwong sat pyrit trung binh trong ba 1an 1y mau duoc tinh 12 1,64%.

Bang 1: Thong ke ti 1¢ sat lvu huynh nguyén liéu

Trong luwgng pyrit (kg)

Trong lugng CTR khéc

Thu hoach pyrit (%)

(kg)
10 257 0.037
7 494 0.014
5 587 0.008

St dung MTTM cho céc thi nghiém phan tach, ty 1€ quang sat pyrit trong cac
nguyén liéu tach ra lan luot 1a 85,4%, 88% va 88,5%, trung binh ting dén 87,54%,

hiéu qua ro rét

Bang 2 Théng ké san lugng tach sat luu huynh

Trong lugng pyrit (kg)

Trong lugng than (kg)

Thu hoach pyrit (%)

76 13 0.854
110 15 0.880
123 16 0.885

3.3.2.3. Thi nghiém phan tach sa thach

Nguyén ligu sa thach duoc lay ra 3 lan, thong ké ti 1§ trong luong sa thach nhu
trong Bang 3. Ty ¢ sa thach trong nguyen licu trong doi nho, ty 1€ tong trong luong
da sa thach trong ba l1an ldy mau trén téng trong luong mau ba lan duoc tinh 1a

1,82%. ,
Bang 3: Thong ké ti 1é sa thach nguyén liéu vao
Trong luong sa thach Trong luong than (kg) Thu hoach sa thach
(kg) (%)
8 392 0.020
11 605 0.017
7 427 0.016

Str dung MTTM cho thi nghiém phén loali, ty 1€ da sa thach trong vat liéu duoc

chon lan luot 13 7,5%, 6,3% va 14,2%, ting trung binh 1én 9,3%

St dung MTTM cho cac thi nghiém phan tach, ty 1¢ sa thach trong cac nguyén
7,5%, 6,3% va 14,2%, trung binh tang dén 9,3%.

liéu tach ra lan luot 1a




Bang 4: Thong ké vat san sinh tir phan tach sa thach

Trong luong sa thach | Trong lugng than (kg) Thu hoach sa thach
(kg) (%)
66 816 0.075
15 223 0.063
36 217 0.142

3.3.3. Nhan xét

Trong qua trinh thi nghiém, ching tdi thng ké ty Ié tirng thanh phan trong nguyén
ligu, nhiét tri cua san pham sau khi phan tach, ty & céc thanh phan. Nhigt tri ctia san pham
la 2906 kcal/kg, c6 thé duoc ban dudi dang than nhi¢t; ham luong luu huynh trong san
pham sat pyrit twong dbi cao, dap tng yeu cau str dung cua nha may san xuat axit sunfuric
va cac nha may c6 nhu cau sir dung. Két qua thi nghiém cho thdy MTTM pht hop dé ung
dung tach CTR. So vai nguyén liéu thd, ty 1& san pham da sa thach da duoc cai thién.

4. Két luan

CTR la mot trong nhitng chat thai ran 16n nhat trong nganh cong nghi¢p cua Trung
Quéc ciing nhu cua Viét Nam hién nay, ddng thoi né ciing 1a ngudn tai nguyén co thé tan
thu, va viéc phan tach CTR 1 tién dé dé tan thu t6i da tai nguyén trong CTR, mang lai loi
ich kinh té va x4 hoi to 16n. Qua két qua nghién ctu cua Trung Quédc cho thady MTTM c6
hiéu qua phan tach kha tét di véi cac khoang vat nhu than da va sit pyrit trong CTR cua
mo. Nhom nghién ciu dé xuat s dung MTTM dé tach than da, sat pyrit va da sa thach
khoi CTR duoc san xuat tir mo caa Viét Nam. San pham cudi cing c6 thé duogc st dung
trong cac tng dung c6ng nghiép cho cac nganh lién quan.
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