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COBepweHcmBOBaHuemeHHOn02UU 
Ofina20paHlUBaHUR MaKgnamgpHou MaCChi 
npUMeHeHueM gumuoHuma HampUI 

n. B. 001nOB, «BASF SE»; 

B. C. KypOB, Cn6 rTYpn; 

A. A. ~epHlITbeB, B. A. KOCTl1H, 

A. c. rHneB, OAO «CbIKTbI BKap 

THCCblO rpyn» 

B npOH3BOACTBe 6yMarH ca-urrap­
Ho-rHrHeHHYeCKOrO Ha3HayeHHR H3 

MaKynarypblnpa nOWOTOBKe MaCCbl Aflll 
6yMaroAenaTenbHoi1 MaWHHbl (6AM) 
He06xOAHMO MaKCHManbHO YAanHTb 
ace BKnlOyeHHR, koropue CTanH Mewa­
IO~HMH, anpoAyKTHBHblMH KOMnOHeH­
TaMH OT npeAweCTBOBaBWHX npOL.\eCCOB 
npOH3BOACTBa, nepepatiorxa, nevaru, 
KOHBepTHHra H T. A., YT06bl nonYYHTb 
BonoKHHcTbli1 nonydiatipakar AnR Bbl­
pa60TKH npoAYKl.\HH HOBOro xasecrea. 
Iexaonorua npouecca 06eCl.\BeYHBaHHR 
(AeHHKHHra - "DIP"- aarn .) Hofinaro­
palKHBaHHR MaKynarypHoi1 MaCCbl xopo­
wo H3BecTHa, onaaxo 3TO He osuavaer. 
YTO HeT MeCTa HHHOBal.\HRM BycnoBHIIX 
KOHKpeTHoro npOH3BOACTBa. 

OAHH H3 3TanOB np0l.\ecca - 06­
pa60TKa oT6enHBalO~HMH peare-rra ­
MH,- HMeHHO 06naropalKHBaHHe,- ecna 
KOHeYHblM npoAyKTOM CTaHOBHTCII 6y­
Mara Anll canoero«, nonoreueu, npyras 
npOAYKl.\HR cauarapuo-raraeua-recxoro 
Ha3HayeHHII . HapRAY C BenHYHHoi1 pH 
H KOHl.\eHTpal.\Hei1 MaCCbl, OAHOi1 H3 

OCHOBHblX ABHlKY~HX CHn 3<jJ<jJeKTHB­
HOi1 oT6enKH IIBnlleTCR rexneparypa, 
n03TOMY npeAnpHRTHR 06blYHO OCHa­
~eHbl Y3naMH TepMOAHcnepcHoHHoi1 
06pa60TKH (lAY), Ha KOTOpbl X npo ­
H3BOAHTCR AononHHTenbHall CTaAHII 
BblCB060lKAeHHlI -racrwu neyaTHoi1 

KpaCKH, naCCHBal.\HII BCRKoro porta 
nHnKHX Be~eCTB H BOCKOB, HaKOHel.\, 
noauureuae 6enH3Hbi MaKynaTypHoi1 
Macc~ npHMeHeHHeM XHMHyeCKHX 
peareHTOB runa nepexuca BOAopOAa H 

AHTHOHHTa (rHAPocynb<jJHTa).Oc06eH ­
HOCTH H npeHMy~ecTBa npouecca 06­
naropaxoraauaa MaKynarypHoi1 MaCCbl 
AHTHO HHTOM HaTpHR 6~nH nOKa3aH~ 

paHee [1] . It1ccneAoBaHHII H npaxrn­
yeCKaR pafiora. pesynsraru KOTOpbl X 

orpaxaer npennaraexaa ny6nHKal.\HII, 
n03BonRIOT CYAHTb 0 BalKHOCTH <jJaKTopa 
renneparypu, C OAHOi1 CTOpOHbl, a C 
npyroji, - 0 B03MOlKHOCTH AocTHlKeHHR 
rpefiyenoro ypOBHR 6enH3Hbi AalKe 
npn OTCyTCTBHH lAY - Y3nOB B cxene 
npOH3BOACTBa. 

Bo-nepsux. C pelKHMOM HH3K0i1 
rexneparypu MaCCbl HaCTaAHH ortien­
KH H, BO-BTOpbIX, H3 HH3KOKayeCTBeH­
HOCi MaKynarypbl. 3aAaya npOH3BOACTBa 
xa-recreeuuo ro nponyxra C 6enH3Hoi1 
75 - 80 % 10 AeweBoi1 MaKynaTypbl 
anorure BblnonHHMa, XOTR HaOCHOBaHHH 
psna npoMblwneHHblx 3KcnepHMeHToB 
MOlKHO 3aKnIOYHTb, YTO He06xoAHMO 
npHnolKHTb MaKcHMyM yCHnHi1 Anll CHH­
lKeHHR BapHal.\HH HcxoAHOi1 6enH3Hbi 

raxoro cupsn KaK aa cTaAHRx nOAroTOB­
KH MaCCbl, TaK H uenocpencrseuuo aa 
nOTOKe 6AM. B 3TOM aanpasneuaa aax­
Hbl npaBHnbHbli1 Bbl60p TOyeK H cnoco­
60B A03HpoBaHHlI pacrsopa peareura 
AflR 06naropalKHBaHHII, coeepureauocrs 
l.\HKna BOA0060poTa Ha nOTOKe npoas­
BOACTBa OT ysna pocnycxa MaKynaTypbl 
AO KOpOTKoi1 l.\HpKynRl.\HH 6AM C no­
KanbHoi1 OYHCTKOi1 060pOTH0i1 BOA~ 

Ha MaWHHe, coxpaaesae nocruruyroa 
6enH3Hbi MaCCbl Haaranax nepepatiorka 

H06pa60TKH pa3HblMH XHMHKaTaMH (2). 
Bnaronaps XHMHyeCKoi1 re xnonorua Ha 
nOTOKe 6AM 060poTHaR BOAa AonlKHa 
ofinanan, 3KOHOMHyeCKH 060cHoBaH­
HblM yposuea KaTHoHHoi1 nOTpe6HocTH 
H KOHl.\eHTpal.\Hei1 opraaasecxax Be­
~eCTB no XnK, YT06bl l.\HKn BOAo060­
pora He aacsnuanca anpoAyKTHBHblMH 
Be~eCTBaMH, HeCMOTpR Ha H3MeHeHHlI 
xa-rec re a MaKynaTypbl B WHpOKOM 
AHana30He. BMeCTe C COBepweHCTBOM 

060pYAOBaHHR AflR MeXaHHyeCKoro YAa­
neHHR HeHYlKHblX BKnlOyeHHi1 npa rpy­
60i1H TOHKOi1 OYHCTKe HCOpTHpOBaHHH 
B nepayio oxepens 3<jJ<jJeKTHBHaR re x­
aonorua npOMblBKH H <jJnOTal.\HH MoryT 
OnTHMH3HpOBaTb sarparu HanOBTOpHoe 
uenesoe Hcnonb30BaHHe MaKynarypHo­
ro cupss. It1HorAa Anll ynyYWeHHII 3<jJ­
<jJeKTa Aei1cTBHR npOMblBKa H<jJnOTal.\HR 

npOBOAIITCII BABe cryneua, nOCKonbKY 
OHH IIBnRIOTCR OCHOBHblMH Y3naMH H 
npoueccaau AnR nOBblweHHII 6enH3Hbi 
KOHeYHoi1 npOAYKl.\HH [3] . 
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Jlafioparo pu u e recr u Ha OljeHKy 

3!p!peKH1BHOCHl Al-1Hl0HIHHOH OT­

6enKl-1 MaCC W l-13 Hl-13KOKa4 eCTBeHHOH 
MaKynaTypbl no xaaan a: B 3aBl-1 Cl-1 MOCTl-1 

OT renneparypu npupocr 6enl-13Hbl co­

crasnsn 0,8 - 1,25 % npa pacxone 1 «r 
Al-1Tl-1 0Hl-1 Ta Ha TOHHy aticomoruo cyxoro 

BonOKHa (pHC. 1) . Ha np0l-13BOACTBe 
TeXHOnOrl-1 4eCKal1 cxen a He BKnlO4aJla 

CTaAl-11O TepMo06pa6oTKl-1 MaCCbl, a BKa­

4eCTBe OCHOBHoro cupsa l-1CnOJlb30Ba­
nacs MaKynarypa MapKl-1 MC-76 BbICWl-1X 

Bl-1AOB. V1cXOAHal1 6enl-13Ha MaCCbl nocne 
pocnycxa B rPB COCTaBnl1na B cpeAHeM 

67 %. Ecn l-1 nOCTp0 l-1Tb Al-1a rp aMMy pas­
Bl-1Tl-111 6enl-13Hbl MaCCbl OT pocnycxa B 

rl-1APOpa36l-1BaTene AO6en l-13 Hbl 6yMar l-1 

aa uaxare MaWl-1Hbl CY4eToM aapaauaa + 
2 0 (0- cpeAHeKBaApaTl-14eCKOe OTKJlO­

HeHl-1e napanerpa) - TeXHOnOrl-1 4eCKl-1 

AonycTl-1MblM Al-1an a30HOM KOJle6a Hl-111 

12 

Tesmepary pa 
MaCChi10

?f2. 
<i 80°C 
:ti
 
:I:
 • 60°C 
M 8 
:s: • 30°C 
Q) " \0 

6I ­
U 
0 
C. 
:s: 
c. 

c: 

2 

0 
0 4 8 12 16 

Pacxon A j.1Tj.10Hj.1Ta, Kr/T aCB 

Pac. 1. nOBblWeHl-1e 6eJll-13Hbl MaKyJlarypHoH MaCCbl npa ortienxe Na-Al-1Tl-10Hl-1TOM: 

MaKyJlarypa 66 - 10 %; 76 - 80 %; 86 - 10 %
2 3 1 

l-1CXOAHall 6enl-13Ha - 52,5 % (JleHKOMeTp) . 

- l-1 + 3 0 - BepOI1THblM nOJl HblM Al-1na­
30HOM Kone6aHl-111 napanerpa, TO AJlll 

l-1CXOAHOH TeXHOnOr l-1l-1 C KOMn03l-1ljl-1eH 

90 % MC-76 OHa nokasaua Ha pHC. 2. Ha 

nOTOKe MaCCOn0Ar0TOBKl-1 6AM He6blJlO 
3Ha4l-1 Moro npupocra. B nepeyioosepens 
l-13 -3a pecoptiuna CHl-1lKalOll.ll-1X6enl-13Hy 

seuiecra BCneACTBl-1e BblCOKOro pacxona 
cepu oxacnoro anIOMl-1Hl-111 . Hecaorpa Ha 

TO, 4TO raxa s A03l-1pOBKa npecnenyer 
nonaepxaaae pH B HeHTpaJlbHOM Al-1a­

nasoae. B 4aCTl-1 6enl-13Hbl MaCCbl AaHHall 

cl-1ryaljl-111 yxasueaer Ha He06xOAl-1MOCTb 

CHl-1lKeHl-111 pac xona ml-1H03eMa l-1 ero 

perynnpoaauae APyrl-1Ml-1 cnOC06aMl-1, 

B TOM 4l-1Cne C noaouiuc COBpeMeHHOH 
Xl-1 Ml-1 4eCKOH TeXHOnOrl-1l-1 l-1 4l-1CTOTOH 

ofiutero ljl-1Kna BOA0060poTa. He cny­

4aHHo MaKCl-1ManbH al1 Bapl-1aljl-1 11 Ha­

6nlOAaeTCl1 B T04Ke «osr pon a 6eJll-13Hbl 
nocne MaWl-1HHoro 6acceHHa. ComaCHO 

KnaCCl-14eCKOH cxe n e otinaropax a aa­
Hl-111 MaKynarypHoH MaCCbl npoAyKTaMl-1 

Al-1Tl-10Hl-1Ta uarpas. oT6enl-1BalOll.ll-1H 

peareur npl-1MeHl1eTCI1 Ha CTaAl-1l-1 nocne 
06eCljBe4l-1BaHl-111 l-1 npOMbIBKl-1 MaCCbl. 

nepBOHa4anbHO no 3TOH cxene 6blnl-1 

sunonueua kparxoapexea asre npcas­

BO ACTBeHHble l-1CnbITaHl-111 C oT6eJlKOH 

B OAHy cryneus C YAenbHblM paCXOAOM 
Al-1 Tl-10 Hl-1 Ta 1,0 %. V1c XOAHal1 6eJll-13Ha 
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Pl-1 C. 2. Pa3Bl-1Tl-1e l-1 sapaauaa 6enl-13 Hbl MacCbI 6e3 otinaropaxasaaaa . 

MaCCbl nocne poc nycxa B rl-1APOpa36l-1­

sarene (rPB) 6blJla 4yrb Hl-1lKe, 4eM no 

TeKYll.leH TeXHOJlOrl-1l-1, B cpenu ea 66 %. 
CT04Kl-13peHl-1113KOHOMl-1Kl-1l-1COBpeMeH­

uoro COCTOllHl-111 ueu Ha cupse l-1 Xl-1Ml-1­

KaTbl TeXHOnOrl-111 ce611 Heonpa enuaana. 

n03TOMY cneuaanacraxa KOH4epHa 
«BASF SE» C ljeJlblO l-1CnOJlb30 BaHl-1 11 

60neeHl-13KOCOpTHOH MaKyJlarypbl 6blna 

npenncx eua ortienxa BABe cryneua. B 

nepaon aapaaure 4aCTb pacraopa Al-1 ­

Tl-10Hl-1Ta 6blna nenana B r l-1 APOpa36l-1 Ba­

rens, B KOTOpOM nonnepxuaanacs 6na­

ronpaaraue MI1 oT6eJlKl-1 xonuearpauas 
MaCCbl oxono 18 % l-1 renneparypa 65 °C. 

V1cXOAHal1 6enl-13Ha Maccw B rPB 6e3 

l-1C nOnb30BaHl-111 Xl-1Ml-1KaTOB COCTaBl-1Jla 

B cpe AHeM 59,8 %. BMeCTe C TeM Ha 
BTOP OH CTaAl-1l-1 KOHljeHTpaljl-111 MaCCbl 
B fiaccejiaax COCTaBnl1Jla 4,0 - 4,5 %, 
a re n neparypa - 35°C (Ha Al-1arpaMMax 
TeXH OnOrl-1 11 "1 - 2") . Hecaorpa Ha TO, 

4TO npnpocr a 6eJll-13Hbl nocne oT6eJlKl-1 

B rPB npaKTl-14 eCK l-1 He Ha6nlOAanOCb, 

55 .• .... :... UeMKl1IOJa O}'M3f3 KapTOH 
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nanee 3cP cP eKHIBHOCTb 06eC~Be4HBa ­

HH51 , Y4HTbIBa51 BeJlH4HHY npu po cra 

6eJlH3Hbl, YJlY4WHJlaCb 60Jlee 4eM BABa 
paaa no cpaBHeHHIO C TeKYl11eCi r ex ­
HOJlOrHeCi 6e3 AHTHOHHTa, np a 60Jlee 

HH3KOCi HCXOAHOCi6eJlH3He MaCCbl B rPB 

aa 7,2 %. 3cPcPeKTHB HoCTb HH3KOTeM ne­

parypuo a oT6eJlKH Ha BTO poCi cryneu u 

COOTBeTCTBOBaJla nafioparopuu a AaH­

H~M. Ha6JlIOAaJlaCbB~COKa 51 Ba p Ha ~H 51 

6eJlH3Hbi nocne Y3Jla npoMblBKH, sepo ­

5lTHO, H3-3a OCTaT04Horo cOAeplKaHH 51 
ne4aTHoCi xpacxa B Macce (pHC. 3). B 

3TOM CJly4aeTpe6yeTyJly4weHH51 paoor a 

KaK npoauaarens. TaK H cPJlOTaTOpa no 

04HCTKe 060pOTHOCi BOA~ Ha Y4acTKe 

nOAroTOBKH MaKyJlarypHoCi MaCC bl. 

Ha cJleAYlOl11eM arane orfiernca 
MaKyJlarypHoCi MaCCbl C KOMn03H~HeCi 

H3100 % HH3WHX COpTOB MC-75 raxxe 
npOBOAHJlaCb BABe cryneua, HO no cne 
06eC~Be4HBaHH51 H npOMblBKH MaCCbl, C 

HCXOAHOCi 6eJlH3HOCi B r PB B cpenuea 

53,5 % H npapocrox 6eJlH3Hbi 18,7 %, 
KOTOpblCi OKa3aJlC51 MaKCHMa JlbHblM 

AJl51 scex BapHaHToB oT6eJlKH, 4eMy 

6JlarOnpH51TCTBOBaJlO HCnOJlb30BaHH e 

CHCTeMbl cPHKca ~HH-YAe plKa H H 51 Ha 

nOTOKe 5A M (ua AHar paMMax TeXHO­
JlOr H51 "2 - 2") (pHC. 4). npH pOCT 

6eJlH3Hbi Ha Y3Jle 0 6 e c~ Be4HB aHH 51 

COCTaBHJl B cpe nuen 06bl 4Hbie 2,6 %. 
3cP cP eKTHBHoCTb c06cTBeHHo oT6eJlKH 
npa rexneparype 35 °C npa BTOpOM 

sa pwaa r e COCTaBHJla 1,0 % / /Kr/T 
aCB . Herarueuoe BJlH51HHe A03HpOB­

KH rJlHH03eMa OTMe4aJlOCb H snecs . 

BapHa~H51 HCXOAHOCi 6eJlH3H~ Mac c~ 

B rP B coxpaaanacs no BceMy noroxy, 
BnJlOTb AO 6eJlH3Hbi 6yMarH Ha uaxare 

MaWHHbl . no 06111eMy MHeHHIO, AJl51 ee 

CHHlKeHH51 H cTa6HJlH3a~HH 6eJlH3Hbi 

He06xOAHMa xoppexrapoexa XHMH4e ­
cKoCi TeXHOJlOrHH uenocpencraeaao Ha 

nOTOKe 5AM HAJlHTeJlbHble HcnblTaHH51 

CYCJlOBHeM 3aMbIKaHH51 06111ero ~HKJla 

BOA0060pOTa Ha npoH3BoACTBe. lla­
paaerpu cpeAHeCi 6eJlH3Hbi MaCCbl OT 
rP B AO 6eJlH3Hbi 6yMarH aa uaxare no 

BapHaHTaM npencraaneuu ua pHC. 5. 
ECJlH lKe Bblpa3HTbnpapocr 6eJlH3Hbi B 

npoueurax no OTHo weHHIO K HCXOAHOCi, 
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PHC. 4. HapaCTalOl11H Ci npapocr 6eJl H3Hbi MaCCbl OT rPB AO6yMarH npa or fienxe 

BABe cryneua, %. 

TO BbICOKa51 3cPcPeKTHBHOCTb 060H X 

BapHaHToB AByxcryneH4aTo Ci oT6eJlKH 
04eBHAHa H COCTaBJl51eT 35 - 37 % 
(pHC. 6) . Bbln OJlHeHHe p51Aa TeXHH4e­

CKHX MepOnpH51THCi, aannaawposaaaux 
npeAn pH51THeM, n03BOJlHT nansuie 

YJlY4WHTb 3KOHOMH4HOCTb acero npo ­

~ecca nepepa60TKH HH3KOCOpTHOCi 
MaKyJlaTypbl. 

Busonu 

1. lloxaaaao. 4TO AOCTHlKeHHe 6e­

JlH3Hbi 6yM ar H 78 - 80 % ISO B03­

MOlKHO AalKe npa HCXOAHOCi 6eJlH3He 

MaKyJlaTypHoCi MaCCbl OT 50 %, AJl51 vero 

He06xoAHMO : 
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• nOBblCI1Tb cTa6l1flbHOCTb 6efll13Hbi 
(CHI13I1Tb aapuauato) I1CXOAHOC1 MaCCbl 
B rPB, 

• BblnOflHllTb orfienxy BABecrynesa. 
BTOM 4l1Cfle 11 Conpeneneuuoa A03I1pOB­
KOC1 Al1Tl10Hl1Ta B rPB Aflll nOBbIWeHI111 
3cjJcjJeKTl1BHOCTl1 ysna 06eCl.\Be4I1BaHI111, 
Y411Tb1Ball, 4TO YAafleHl1e ne4aTH0C1 xpa­
CKI1 4aCTO BalKHee, 4eM caaa ortienxa . 

2. nOBblWeH111O 3cjJcjJeKTl1BHOCTl1 
o6flarOpalKl1BaHI111 cnocoricrayer npu­
MeHeHl1e xenarapyio tuero peare-rra, KaK 
6blflO nOKa3aHO pauee [1]. 

3. Ha 6AM AOfllKHa cjJYHKl.\110HI1PO­
ears otiocuoeauuaa CI1CTeMa cjJl1KCal.\1111 
- YAeplKaHI111 - o6e3BOlKI1BaHI111 . 

4. Heo6xOAl1MO ycoeepureucrsoears 
Xl1 Ml1 4ecKYlO TeXHOflOrl11O BMOKpoC14aCTI1 
6AMMil CHl1lKeHI111 orpauarensaoro sna­
llHI111 nosuureuuoro pacxona rfll1H03eMa 
Hd 6efll13Hy MacCbI . 

5. Eonee Afll1TeflbHble I1CnbITaHI111 
C 3aMbiKaHl1eM uaxna BOAOo6opoTa 
AOfllKHbl noxaaars npel1My~ecTBa HOBOC1 
TeXHOflOrl111 o6flaropalKl1BaHI111 HI13KO­
COpTHOC1 MaKyflarypbl 11 peaflbHblC1 3KO­
HOMI14eCKI1C1 3cjJcjJeKT OT ee nocrosuuoro 
I1CnOflb30BaHI111. 
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PI1C. 5. Cpenuaa 6efll13Ha MaCCbl OT rPB AO 6yMarl1 npa orfienxe BABeCTyneHI1, %. 
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PI1 C. 6. 3cjJcjJeKT npupocra 6efll13Hbi MaCCbl B npouecce pccnycxa 11 06eCl.\Be4I1BaHI111 

(B npoueurax OT I1CXOAHOC1 6eflI13Hbl) . 
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