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HpeILCTaBJ'IeHLI PE3YIBTAThl SKCIEPUMCHTAJILHBIX I/ICCHCI[OBaHI/Iﬁ MO0 aKTUBAIIUHU OCHUHOBOIO YTIISA 30JIbHOCTBIO
2,5 % BOASHBIM TTAPOM Ha BBIXOJ] M CBOMCTBA MOyY€HHOTO aKTHBHOTO yIiis. [loka3aHo, 9To /1 aKTUBAIMH JTyd-
1Ie UCIOB30BaTh YTOib U3 CIEION OCHHBI, a HE U3 TOHKOMEPA, MIOCKOIbKY 3HaY€HUS! 30JIbHOCTU Y OCHHOBOTO
YIJIS U3 TOHKOMEPa CPaBHUTEILHO BBICOKHME W HE MOTYT FApaHTUPOBATh COOJIOACHUE 3TOTO IOKa3arelis B TOBap-
HOM AY. B 3T0i#f cBsI3M HEOOXOAMMO MPUMEHSTH TEXHOJIOTHIO, 00CCTICUMBAOIIYIO CPABHUTEIIEHO BHICOKHM BBIXO]
MPOAYKTa. B HaIMX HMCCIIETOBAHUSAX 3TO YCIOBUE BBIOIHSIOCH ITyTEM HUCIONB30BaHUS Z—00pa3HOW BCTaBKHU

B IICYN aKTHBaIlUH.

ACTIVATION OF ASPEN CHARCOAL
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The results of experimental studies on the activation of aspen coal with an ash content of 2.5 % by water steam
on the yield and properties of the resulting activated carbon are presented. It is shown that for activation it is better
to use coal from ripe aspen, rather than from thin aspen, since the ash content of aspen coal from thin aspen is
relatively high and cannot guarantee compliance with this indicator in the commercial activated carbon. In this
regard, it is necessary to use a technology that provides a relatively high yield of the product. In our studies, this

condition was met by using a Z-shaped insert in the activation furnace.

Beenenue

Kak cpipp€ mia mpousBOnCTBa
aKTUBHBIX yIJIEH OCHHA IPaKTH-
YECKM HC IMPHUMCHACTCA, XOTA €€
OCHOBHBIE 3aIlachl COCPEIOTOYCHBI
MMEHHO B OOXHUTHIX paiioHax PO.
OTO 00CTOATENHCTBO YKA3bIBAET HA
aKTyaJIbHOCTb PELICHUS BOIPOCOB,
CBSI3aHHBIX C MOJyYEHUEM U Iepe-
paboTKoli ocuHOBOTO ymisi. Perre-
HUE TPOOIeMBbI 00Jerdaercs TeM,
YTO pa3pabOoTaHHbIE TEXHOJIOTHH H
00opy/IoBaHKe ISl TIUPOJIH3a Jpe-
Becuusl [1, 2, 3] U mepepabOTKH
JpeBecHoro ymis [4, 5] modru He
3aBUCSAT OT HNOPOJbI UICXOAHOM JIpe-
BECHHBI.

BmMmecTte ¢ TeM MHOTHE acIeKTHl,
KacarolUeCs] CBOMCTB U IPUMEHE-
HUS akKTUBHOTO yIiist (AY) U3 ocu-
HOBOH [IpeBECHHBI, W3YYCHBI €lle
HEJIOCTATOYHO.

Heab, 3aga4n, MeTOTUKA

U 00bEeKThI HCCIeJOBAHNA
Jiss aKTHBanMM MBI UCIIONB30-
B 00paszel MpPOMBIIIIEHHOTO
ocurosoro yrist (TOCT 7657), mo-
JYYEHHBIH W3 CHEIOM OCHHOBOM
JIPEBECHHBI HA MOIYJIbHON IHPO-
TU3HOM ycTaHoBke Tuma MITPY [1]
IpH KOHEYHOW TEeMIIepaType Iu-
pomuza 600 °C. [lns akTtuBanuu
HCIIONB30BANI Z-00pa3HyI0 BCTaB-

Ky [6] ¢ momadeil BOASHOTO mMmapa.
ns onpenenenus nokasaresiei ka-
yectBa 1Y u AY mcnoiab30Banuch
OOIICTIPUHATBIC METOZBI aHaJIKM3a.
HcxonHblii OCUHOBBIN yToJib UMEN
TUTNMYHBIC [TOKA3aTelli KavyecTsa,
TaKhe KaK 30JIbHOCTh, COACPIKAHUE
HEJIETY4ero YIlIepoaa U BIaXKHOCTh
(2,5, 84 1 1,2 % COOTBETCTBEHHO).

Jis  monmydeHus  afeKBaTHBIX
3aBHCHUMOCTEH TMpollecca aKTHBa-
UM OCHHOBOTO YN ObUI BHIOpaH
mwiad [1®D 23. Jlmama3on 3Haye-
HUAH (DAKTOPOB COCTABWII: TEMIIE-
parypa mnporecca akTuBauu (X;) —
760 nm 820 °C, ynmenbHBIA pac-
X0l BOAsHOTO Tapa (X;) — 1,3 wim
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1,8 kr/kr 1. [1pofomKUTeNbHOCTh
aKkTHBalMK (Ha OCHOBAHWUHU paHee
MIPOBENICHHBIX OIBITOB) HAXOIU-
mace B mpepenax (X;) 90 wm
120 muH. OYHKIMH OTKIHKA —
Beixon AY (Y,, %), amcopOruon-
Has akTUBHOCTH To Homy (Y,, %),
aJcOpOLIMOHHAsT aKTHMBHOCTH II0
menacce (Y3, %), amcopOrmoHHas
AKTHUBHOCTbH 110 METHJICHOBOMY CH-
Hemy (Y4, %). Jlanee c momomibio
KOMIIBIOTEPHOTO ~ MOJICITHPOBAHHS
[7, 8, 9] momy4eHo MOIMHOMHAIE-
Hoe ypaBHeHHe 5D s Y ;55 4.

Pe3yabTaThl HCCJIe10BAHUI
U UX 00Cy:K/IeHue

Marpuna miaHHpPOBaHUS U Pe-
3yJIBTaThl IIOKa3aHbI B Ta0. 1.

B pesynrsrare skcnieprMeHTa BbI-
SICHEHO, YTO Ha BBIXOH AY kak u3
OCHUHBI, TaKk U U3 Oepe3bl, B 0O0Jb-
meld Mepe BIMSIET YIelIbHBIA pac-
xon mapa. Heckonbko MeHbIee
BO3JICHCTBUE HMEET TemIieparypa
mporiecca aKTUBAIUH, a BIWSHHUE
NPOAOIKUTENILHOCTH  TIpoliecca
B HCCJICIOBAHHOM JIMAINIa30HE SIB-
JISeTC HE3HAYUMBIM. OTO BHIHO

13 ypaBHeHUs perpeccut (1), agex-
BaTHO OIMUCHIBAIOLIETO BIIMSHUE
OCHOBHBIX JEUCTBYIOIIMX (HaKTo-
OB Ha BBIXOJ M CBOWCTBA AY:

Y, = 54,03 — 5,68X; — 6,86X,. (1)

Boree cunpHOE BIUSHHE yHEb-
HOTO pacxofia napa TMOKa3bIBaeT U
ypaBHEHHE perpecchu (2) OTHOCH-
TEIIbHO aKTUBHOCTH OCHHOBOIO AY
1o oxy:

Y, = 76,6 +3.9X, + 4,8%,. (2)

MuxponopucTast CTPYKTypa
OCHHOBOTO AY pa3BHUTa NPUMEPHO
Ha 15-20 % myume, gem Oepeso-
BOro AY, MOIy4YEHHOIO B TEX e
ycioBuax. Ha 910 ykaswiBaer mo-
KazaTelb akKTUBHOCTH TI0 Hoxy. OH
MOXET HWCIOIB30BaThCS B TEX XKe
cdepax, Kak U CTaHAAPTHBIA yroib
BAY. Kak u y npyrux AY, noiny-
YEHHBIX HAa OCHOBE JPEBECHHEI,
MOPHUCTast CTPYKTypa OCHHOBOTO
AY mMeeT BCe THITBI TIOp — MUKPO-
MOPBI, ME30IMOPHl U MAaKpPOTIOPHI.
Ha puc. 1 uzoOpaxena moBepx-
HOCTbH OTKITMKA JJIS1 BBIXO/IA aKTHB-

HOro yrisi. MakcuMasbHbINA BBIXOJ

Tabmuma 1
Table 1

Marpuia mIaHApOBaHUS U PE3YIBTAThl AKCIIEPUMEHTA

Planning matrix and experiment results

DakTophl DYHKIIMH OTKJIMKA
Factors Response functions
X X5 X3 Y, Y; Yy

-1 -1 -1 68,1 68,1 107,8 201,3
-1 -1 1 65,1 67,7 2723 254,6
-1 1 1 52,1 77 97,5 189,3
-1 1 -1 53,6 77,6 274,7 267,6
1 1 1 39,9 85,6 261,9 255,2
1 1 -1 43,2 85,2 291,7 263,8
1 -1 1 54,1 75,9 263,2 288,8
1 -1 -1 56,4 75,4 252 216,0

Ne 4 (75), 2020 .

MPOJYKTa TOCTUTACTCS TIPU YICITh-
HOM pacxome mapa 1,3 kr/kr 1Y
u Temmneparype 760 °C.

Ha puc. 2 orobpakeHa 3aBucu-
MOCTh aJICOPOIIIOHHON aKTHBHO-
CTU MO KWOmy OT OCHOBHBIX AEH-
cTByrOIMX (haKTOpOB Ipoliecca
aKTHBAIMM OCHHOBOTO yTisl. Bum-
HO, YTO JIaK€ MPU MHHUMAIBHBIX
3HAUEHMSX TEMIIEPATyphI ITpoliecca
aktuBauu 760 °C u yaenpHOro
pacxona napa 1,3 kr/kr 1Y nokasa-
TeI afCcopOIMOHHON aKTHBHOCTH
Mo HOomy COOTBETCTBYIOT TpeOoBa-
nusm ['OCT 6217-74.

Hanee Oputa mocTpoeHa Mate-
Maru4eckas MOJeNb aKTHBAIH
ocunoBoro yrisi. Llens oneparyu
— JOCTHXEHHWE MaKCHMaJIbHO BO3-
MOYHOH a7IcCOpOIIMOHHON aKTHBHO-
CTH TIO HO/ly TIPY aKTUBAIMU YIJISL.

B makere Excel ¢ momomrsio
(byHKIIH
HO CJeayroliee MOJTMHOMHAIBHOE

«Perpeccus» momyue-

ypaBaeHue 5D 1yt Y123 4

Y-10™ 1234 = Ysp =
=f (X102, X, X5-107, X 107") =
=—35,949 +29,239X, X, +
+ 328X, X5+ 11,172X, X, —
—66,615X,X, —4,4X,2 -
—2,065X,2—8,837X;2+ 0,126X,%;
Ri2347 = 0,998.

1 mpoBepKH aJeKBaTHOCTH IO~
JIMHOMHAJIBHOTO ypaBHeHUs 5D st
GyHKIMH Y54 MPOBENH JIOMON-
HUTEJbHBIC SKCIIEPUMEHTHI 110 aKTH-
Baruu JIY ¢ HE UCHOb30BaHHBIMU
paHee 3HAYEHWSIMH HCCIEIOBaH-
HBIX TEXHOJIOTHYECKUX MapaMeTPOB
npouecca. llomyyeHHble sKcnepu-
MEHTaJIbHbIE 3HAYEHHsI Ha BEITNYH-
HY aJICOPOLIMOHHON aKTUBHOCTH
AY 1o Homy CpaBHWIN C BEIHYH-
HaMH, PacCYUTAHHBIMH TIO YpaB-
HCHHUIO Y(1,2,3,4) =1 (X, X, X5, X))
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Puc. 1. 3aBHCHMOCTB BBIXO/Ia AKTUBHOT'O YIJIS
OT TeMIIEpaTyphI IPOLECcCa aKTUBALIN
U yIeNBHOTO pacxosia mapa
Fig. 1. Dependence of the yield of activated carbon
on the temperature of the activation process
and the specific steam consumption

BenuunHa cpeqHuX pacxokaeHUi
MEXNY OJKCIEPUMEHTAJIbHBIMU U
pacCUMTaHHBIMU 3HAUEHUSIMU aK-
TUBHOCTH AY 10 HOmy HE TIPEBHI-
maer 3,4 %. HauOonpmme pac-
XOXKJICHUSI OT BEJIMYUHBI OMBITHBIX

B60-70 W70-80 W80-90

3HAYEHUH TEepPeMEHHON Y34y =
= f(Xi, X3, X, X,) BBISIBJICHBI JJIsI
TpaHUYHBIX 3HAYCHUN B HHTEpPBa-
Jax mapameTpoB X; — X, (tabm. 2).

Ha ocHoOBe sKcriepiMEHTATBHBIX
JIAHHBIX HAMU TMOCTPOEHA aJIeK-

Puc. 2. 3aBucumocTh acOpOIMOHHOI aKTUBHOCTH 110 HOAY
OT TeMIIepaTyphl IIPOIIECCa AKTHBALIUH
U yIeNBHOTO pacxoyia napa
Fig. 2. Dependence of the iodine adsorption activity
on the temperature of the activation process
and the specific steam consumption

BarHas MareMarhieckas MOJeib
AKTHBAIUK OCUHOBOTO YTIISl U yCTa-
HOBJICHa MaKCHMaJbHO BO3MOXKHAS
BEJIMYMHA aJICOPOIIMOHHON aKTHB-
HOCTH TIOJYYCHHOTO AKTHBHOTO
YIS TIO HOy.

Tabmuma 2
Table 2
OKCIEPUMEHTAIbHBIC M PACUETHBIC 3HAYCHHUS OCTATOYHBIX KOHIICHTPAIMH
Experimental and calculated values of residual concentrations
Y;-10!
X1-10_,, °C X5, Kr/KT X53-107!, Mun X310, % glf;zﬁzlj P;:;f:;;f AYiNY \oxe)y Yo
Experimental Estimated
values values
7,5 7,112 7,236 1,82
8,7 . 14,827 14,936 0,73
1.2 b2 7,905 7,973 0,86
22 i 10,35 10,0 3,38
0,95 6,95 6,88 1,01
76 1,4 8,543 8,752 2,45
. 2,5 9,102 9,044 0,64
b2 6,5 6,95 6,81 2,01
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CpaBHUTEITEHO OBICTpOE  pas-
BUTHE BTOPUYHON MHKPO- U ME30-
MOPUCTOCTH B TEUCHHUE Mpollecca
AKTUBallUKM OCHHOBOI'O YITIA BO
MHOTOM OOBSICHSIETCSI IPHMCHEHH-
€M B KaueCTBE arcHTa aKTHBAIMU
YHUCTOTO BOJSIHOTO Tapa, a He CMe-
CH €ro, Hampumep, C JbIMOBBIMU
ra3amu.

BriBoabI

st akTUBalMU JIy4IlE UCITIONb-
30BaTh YTOib W3 CIEJIOW OCHHBI,
a HE W3 TOHKOMEpA, IMOCKOIBKY
3HAYEHHUS 30JIbHOCTH Y OCHHOBOTO
VIJIE U3 TOHKOMEpPA CPaBHUTEIHHO
BBICOKHME W HE MOTYT TapaHTHpO-
BaTh COOIIOJEHHE JTOr0 IOKa3a-

Tenst B ToBapHoM AV. Ilo atoii xe
NPUYMHE HEOOXOAUMO IPUMEHSTH
TEXHOJIOTHIO,  00ECIeUHBaOLIyIO

CPAaBHHUTEIIBHO BBICOKHH  BBIXOI
mponykra. B Hammx mccnemnoBaHu-
SIX 3TO YCJIOBHE BBITIOJIHSIOCH ITy-
TeM HCIIONIb30BaHUSI Z—00pa3HOM
BCTaBKH B M€Y aKTHBAIIUH.

Hamu mnpemmaraercs TexHOIO-
THsI, 00ECIICUNBAIOIIAs TIOTYICHHE
10 1000 1/romg AY mapok tunia BAY.
Jns yka3zaHHOTO OObeMa MpPOM3-
BozmcTBa AY moTpedyercs OKOJIO
1600 T/rom yris, MpOW3BEICHHOTO
13 OCUHOBOU JPEBECUHBI.

Pazpaborannas TEXHOJIOTHS
YM mno3BonseT NpUMEpPHO B 1Ba

pasa yBEIMYUTh CTOMMOCTH IpO-

bubnuoepaguyecxuii cnucox

Ne 4 (75), 2020 .

JIYKLIWH, IPOU3BOJUMOIl B HACTOS-
miee BpeMs u3 1 M® OCHHOBOI#I pe-
BECHHBI, 1 O0ECIICUUTh YCTONYH-
BOE€ pa3BUTHE IPEANPUATUN JIeC-
HOT'O KOMILIEKCA.

Beixon 1Y mpu nuponuse cre-
JIO OCHHOBOM JPEBECUHBI BIIAXK-
HOCTHIO 20 % B BRIOpaHHOM HAMH
pexxume
oxoJ10 28 %.

MUPOJIN3a  COCTABISET

Brixom AY mnpu BBIOpaHHOM
peKHME aKTUBAIlMM COCTaBJISICT
okoso 70 % ot 3arpy3Ku UCXOTHO-
ro yrs-ceipua. [lpu nepepabotke
OCHHOBOTO YIJISl YJCJBHBIA Pacxoj
rmapa Ha aKTHUBAaI[UI COCTaBJISICT
1,3 kr/xr V.
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