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B e 2547 M HERL Y VOCs it vk R 22mgem ™ $1] 6293 mgm RS & 0F F, 2RIk 48 T2
REFEUE A R AL i 2547l HE R A LK, B A5 HE ) VOCs W BEEI/N T 20 mgem™,  £5-& AL BCR R T
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R A B PR, AP AT AR AR 2o M A

P RS POV 3 o X E AR I AL G A AR R e A IR AT IR AR AR L IR | Ab PR AR I35
M. AWibEiR . ERHFEDE . OSSN, ST VOCs FER S b3k &g fE, HACEHE
o SRR P R X AR B i SR FH HL AT 2, R PLC R SR IR A5 (G 2 s il . 24 I
SR EEAR T 2 IR PR s AR & B ah 4 R AN, YRR T R L R A S 2
PR A A Bh BT, JRMRIRIEAT S —4lm R . 55 4lmak, B Z WiT A0 B IR DA 20 H Rk
STHATREIB AT o MR AR P A R AR B A B — B W R S, AR W SEEL AR [ BhoF T, JoRe T
S, AT A, RS SRR (2 350 °C) E SRR BRI T2 . YU P R T —Fh
LA gy, RIS R E MBI RS . Z 0 A R b E A R Al . 1%
R E R TS RBHE AWM S 5 b SR . FHGR SHRES B BUR M, A e s R 3
R M AL R 0% 1) B AR R MR 45 11 . FENG %8P0 &1 X i fi Ak Z FLIR R S N el R b 72, S TR
B IR BUR 2K B AR JE R T AL 2 FLERBE = AR B AL B IS I i AL ROCR A B N R Bk T Y
BRSSP AR M

AT AR SR DR L S S htl, Ml B 0 TR A B 2R R T2, S5 A
FORA EE 51 B3 18043 (proportion integration differentiation, PID) i B8 il o5 W& , LAY 7 16 65 B %2 40K |-
FIETA A 4 MR, T VOCs #EAT 22 8550 NI A B A R be , i — 250 b 5 3 1 T b s O
W2, M) AEEM R R . BIECHEA VR ST, UE T n AT, DUl 2547 Mk 5%
HABAT IV B VOCs 1A B2 |
1 ZHARERECRIETZ
1.1 TZWE

2RO A AL R be e B e B A ek L RN B 4 AR LR . B RGE r 1E MR
B AR TN S 2R N 40 mm W S AL 2 ALK, BCE FE AR RGN PRI B B EGR A T AE X
4 T AR A B, SR B TS AR TR 5 LA 43 ) o R S MG R, A A B KL —
Oy RRBE IR S MR, TR R Pe A (0 TR s IR ), FEW AMIA IR B A% L REOIMERS BBl 38
TV EEABLE R, ROETEER N IR, I SN IR . Tl 2 ) R B I N
WikG, HORWEFME, HIRWREZ, I gy BRRAEE, HOR R BBl

ARG AR 1.8 m, RN 3.8 m, MBCNERAN, MEAFIRMIER O MIRGLHE, HiE
H3m, AR, @ KR AR Ay I £ = 3 A, SER R RIR . i
3% 1 500 g m” SAAN A4, A 10 000 h', SEFEAEARFN 2 m?® s AL R [, AT S Bt
WA 200000 m*h! AR S AL AR . iR RSE (K x9E <) 8 1.2 mx1.2 mx1.6 m, H 0.1 mm
& JE AL R, AR AR B IR EE < 10 mmo FE R P A IR B A AR RIS RS SRR AIL 2 8404l
Ao Hodr, HL s B RS (K xS x @) A 1.78 mx0.68 mx1.1 m, {XAES Wit B AT, i o 8 R
BENLI ARSI B ], AR IR A T, (R MR

ZR G0 = IC AL (5.5 kW) SRAEIEER A B VOCs SRR 7, 28 B S i s RIEE M 570 ¢, T
RHEE <3 Cmin!', HS AT 3kPa. %iE VOCs i =4.5m s ',

A AR A i 3 SR 30 D 2 IS (K xBEx ) M 2.25 mx2.25 mx4 m, NHERAIA R, R IHAGH
22 W +F5 A A8k uk o AL e SR G T 20 R R AT IR IR O — R W E . R =
PWEWE, AR R © 1.5 mx4.5m, EHERBEE A 3s, KW R 3%, KiE N 3ms'. e
22kW BKEE, WiE R 15m>h!, 17 me EXWERHBEEMWA BT, DI 30kW, XUEH20000m’h ',
JE 41} 3 000 Pa.
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ARG T ERBEME R, B, WEXKPURME G, MECE R P e g, Eaididigss
PEATRLUE (F5 9t i) . RBRES P AN A iS5 mohi g s 5 =, U8R MR R Ll Ay
J5, WOE A HE AR, SEILER L ORI BB =, R REE AL BT, VOCs it A A
B M e VAR, SEE AR bE s BB U, i ARk be iy — B A AR EEA SR b
FEAGIR, Zead o VRS R B8 LA EhL i ke A AN IR L [ AR RUHIL A 3 R R, RO AR
FRBRBEd s S HL, 5 —FB A MR G 4 PR AR T R bk 35 ¥ A HE AR
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Fig. 1 Flow diagram of multi-effect heat recovery in catalytic combustion process
A B R F N AR RS IR SR e AL ZH
FEL I A AT s i A v A o s e ek
P ORGSR BEHL P ORT AOBR AR, PR R S
1 B o RS A L AR P4 R ; ‘
o Yo @%iﬂ%iﬁ‘%ﬁn 2P B2 SAEKRRELRETESUN
13 TZimEEH 7% Fig.2 Multi-effect heat recovery in catalytic combustion
ARG PR BT R (BRI B b Y IR process purification site
JE£) S [l R A B rp TR TS o ARG i R
TRXE AR R R, 28GR I T 2 4 O AU 7 58 R AEL LR, X RSEH PID &
BOR e S AT A2 . ORI TR A AT SRR, e ok F S T OM PID i B2 2l S, daad
P R IR UAL T S, Y 28 2o I A SR B LAY AR L R R AR R Y b IR AR E TE 300~
400 °C, LASCHUY PR SUER S WARE o ASUR PID 25 1 M) FBOR) 2 AR J1a 5080 ML DU Xk PID A4 2 B kA T
seiffefl, BE TR M558 PID 2 $ U0 vk Se i I 3% PID S 80 B 0, th TR R G Z B Z F N £ 5
M, e LA ST A RO R AR g, HTASOR) PID 2 ] R A A0 i PID 45 I S R, M R gk
S M R A ) 20 B e R R DT

TR
55 e LTI T 3 57 4 A EM A R
ATO4 F1 K 7 A E () $5 48— A~ 22 38 18 IR B 50 s —{aamias e Iililf
KAV HK, ZETVE1TTF 200SMART PLC A Con (ot oy ][ TP |l
T o 8 5 LT 4L A T B g’ | U T
PO Z G BT AR A AN I W 1 AL AR

TR R AR 8 b 9 Y iR B AR AL R
HEe ATOYRRT A S ARG 2 s e, =AATIACAIRIE 2% )

A F 18 e i A B A 2192, X PID 4% A K. KAK SR BRI AT
R AR SR T S AL, R T 3 ETFHEM PID #5515 5 S HE 18
T W 22 JEATHY PID S0 ik, AT R Fig. 3 Control logic diagram based on fuzzy PID control

FH 2 TR PID 42 i J7 3% 9 42 il 32 48 (1 3). method
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R G0 T B AL S 2 S R AR RPN IR, R R AR, BRI AT E S R
P 22 (AT) B 25 5 B0 AR AL i (enr) 2 MME, B FIBERIBIREE S LEBIIN T Kp . BRP N K. BT
T Kd5 RG22 AT S W22 R e MBI R FR , AT (D)~ (3) Frs.

K, =K+ fi (AT, ea) = K, + AK, (1)
K. =K'+ f(AT,exp) = K. + AK, @)
Kd = K(’i +f;(AT, eAT) = K(; +AKd (3)

ARSI SRR T, SR G I 25 B, R O 25 5 O 25 A8 AR R AL O SR AR i, AT T
AR KL, & 1E PID #5548 19 3 35, REMB IR A B o drir s, HEe
P22 o A% B R ZAEER LB R B, B RECNG R A 508 P=0.5, 1=0.95, D=0.08.

14 EEMEXRESHN

(1) SR T o W25 T 102 A A G U % M SRR (3107 3072 B, 5 &% 085 1 FR B B4
AIRATD) R, SREEMORL R 15 500 A A7 B PR e R AR GG R PR AIRATF) , 77 A BW
5% A 100 mg Fl 50 mg §if P o o 6 SR B 15 YR VOCs B, K8 B e ar, S IR (e s 4
DRI SR R VAT DL I 5 1 A 2 BRE -4 38 B A0 €8 335 - B35 5 HT 734-2014 ) BURD (BRER A <R
YD e 1 T e W B/ Ak e A I -SORE f83 k HT 584-2010) B, L 0.5 Lemin' A9 I £ R 4R
20min, RS 10L, REEFEHUG, 7RV % BRSPS B, T4 C K00 TELRE . S5

Q) EASKEI 7% o W RAEE ORI A I PE e A BEFIB BEEU, 40 BB 10 mL BB 11 H ZE 4
B, BARE A IA 1 mL 5B/ AL R IR B T (98 mL Ak, A 2mL FH
B, TRAY), BH, BRRIRST, 7RI RMAAT 1S B ul A T A R S RSO - R B AY
(%57 GCMS-2010SE, &t (i) S #s M A1 BRA A1) v

R A G s B G T b, (i HE R SH-Rix-5 /1 8¢ B @ 1% (30 mx0.25 mmx
0.25 pm), KR4 EL 38 iR . FEr=Chaal, BEE A 20~600 amu; B F{LEELR 70 eV;
FEp A 1.80 mL-min's SRHFEF AR, WEWMAEE R 35 °C, f+F3 min, #35LL 10 °C-min™
T2 80 °C, 4% 2 min, FELL 10 Comin FFZ 280 °C, {4+ 15 min, A5 LA 20 C-min' FF % 320 C,
PA%F 2 min, ZATESELEIT 48.5 min, ArURaERE, HEREE R 1uL. AN AA, SRR 270 <,
BRI 260 °C.

1.5 MBESHREKRENE

PRI 22 3 TS A AR bk 0t HE 1T A VOCs SRR EER FHF-45X vOCs Kl (PGM-7340 A1,
g R 2E S (L) A RA R ME, Kgs ot s Tk gs . VOCs A L VOCs £ BR
Fohtehn, At Ik @) s

_(Cin—Cou)
Hof: N ER VOCs KBRR; Co. CoM BN EMST . A M4 VOCs i kg, mgm™,
2 #BR512
21 RSHED S

20 BRSO AR B 2 8 P ORI 20 000 m™h!, REE TS MU R ETE 4.63 mes o 3l i T
FR RG], ZIEM R EEWN SN OB, 4-ENEERR . oM. + k. IEH ke, 24-
TURUT R . bk, bk, Wkl FRRFHER. AR HRTHE. b —k. =2
Bi . R HR ZElE . BkE . ki R I E 4 TR o iRAE GC-MS L 4 M 4
B, W HER A MR R B I 2B, R HiAb ke . BRRS A HLS Y, VOCs sy

x 100% 4
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Fig. 4 GC-MS analysis of organic compounds in waste gas
R 1 850N, =1 HHTHME VOCs A R 8IRE
2.2 AIBEEHIGIEREDHT Table 1'© Components of VOCs emitted by the pharmaceutical
. fact
W25 D T 2022 486 H 8 H—10 H e
A I A A AR B e e A e T e TR tmem )
VOCs [ it e i (45 B 3 min ic 5% 1 R SC g ! e 42899
Py (FE 5) . X 3dW, BRI VOCs AR REE 2 EPEETE 17.12
We B2 22 mgem™, e fe T A MR B A #6293 3 -k 24.03
mgm®, A2 286 fif, BUEWHIK. RAAH 4 e 2029
BILRE S B ) B 0 0 265 47 b E AHE R S e 25.58
HOLFFIES, & H R vOCs IR ik e dg, ¢ 2 RTRAE 3199
Jg 24 h W AR KW . X BT R T e 24.48
G N T ok 2 A et i pm 8 — 29.06
TARE, BEERER, HEMAERE O e 128
AHUES . 8 H FRI61S A4, VOCs ik 10 T 265
WHE M H O BB R g 1 SR TRTE 1644
e 2 R, R AR oy — Ky 12 ek 20.17
- 13 By 27.21
T W8 E, 0 T2 AL BLRE Ty 0 14 T P — - i 45.27
b PRAL L AEANIRAE T O I, TR 2 AR 15 ke 3734

[

+
K
35

NS R A/ o R A0 O 1 2T A 16 30.11

i [AEKTE VOCs HERCR Fr s X EEEER O

WA VOCs Ji & v B A B LRI, 3 d R VOCs & W JE(E 359/ F T BR{H (20 mg m™)
AT 285 Tl KI5 Y W HE AR ME ) (GB 37823—2019) Xf NMHC. TVOC. # &) K Jt st g
TR RAE TS G Wy A A HE A PR (A O 38 3 391 58 e SO 3 TR PID (4 45 i SR mss b L L B A
o AL, Z2RGA LIS AL R e 35 B BB AR H5 1S 10 VOCs J5 s R B X6 40 44 ] % o Y G 48 A e B4 5
H sl Ja4E, M SE BN 22 R0 mLIBGKRE 52 4% T 28 R v R R A e e s o), b i A s ol b A< 1
VOCs Ji e o 76 T AR E T [R] B, 38 ok 358 i b 4 ] % P s ok 32 0% 0 QPRI i AR IR o 1)
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= HERRIE = AT — RBRE a w ERIHRE = MRAWRE — KRR

0 I
8 000 J’_\—"W\/‘«F\/\/\/Vwm 188‘;5 E 8 000 4579 1882//0
mg-m- (2
gggg ) g 0 /b M’

100 22 mil 60% & = 400

/(mg-

VOCsfi %/ (mg-m™)

i 50% HV? & o u i
R bE
lul U . H \H‘\*“H
LN 0% 8 | AT 1o
A 0P O 00 O O 0 > NN\ O O 00
9Q0 IOEAERER \lsﬁ 00 A OV \500 RSN QQQQ\QQQ \\00 R \300 00 \500 IR
iy u“JHT?lJ 2
(a) 20224618 H (b) 202246 A9 H
~ o ERIE e ORI — F3BR%
i 8 000 6293 mg'm™ .
g % JQE
= 400 <
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3 0 RPTSTIRY ® Il ” H‘ “‘\ 0%
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Fig. 5 Dynamic removal efficiency of multi-effect heat recovery in catalytic process

IEH TAE, Bl RS b ok e i B kb SR ol 14 AR RSO ] 8, AT 28 5 v R0 b e ke PR) 6t o) ] T AR
S BI T] B 457 7 T R ) A 3RS S M IR A %%%%&ilﬂﬁ%ﬂ’ﬁ%ﬁ%@, AT 4 T <Ak 3
fiE

Tkﬂﬂzﬁﬁ M5 VOCs ih B2 A Ab FRAOR (PR %) 15 97% LA I, H VOCs 4 B % %
HEA TR R s (K] 5) o Y AR 1T VOCs it &k R 22~27 mgem” B, VOCs 4k B 5K
70%~80%; 4 i< 11 VOCs it & HE JBE Ky 31~89 mgm > If, VOCs kb F &% 3 g 80%~90%; >4 i<, 1
VOCs Jit & ¥k J& 24 98~178 mg-m ™ i, ' VOCs &b BERL K Sk 90%~95%; 4K 11 VOCs Jii & ik & K T+
180 mg-m™>, VOCs &b PR R KT 95%; 4K 11 VOCs it it ¥ B KT 1 000 mg'm™>, VOCs 4k BERL
FReFE A5 98% Lh I o M T IZ ARGl L T B PID J7 ik A 2 i SR mE , A AL R e b i) T B 4
il 7E 300~400 °C, q#ESH VOCs it & W FE Sy, ARG IR BOR , AR R R T £,
AR DR 2 T B Bl 22 T . AN 1T VOCs Ab BRAL R H $2 7t
23 VOCs EBEEH#HSROVOCs RERE XA

3K [ R AT B B9 EoE B A A 100% | gfiimsms TSI SEIEIIES
Ve, T 6B HZ5T 601 9 H VOCs 2 B A | 8
HESCH VOCs i REW IO 1o o T 22 iggf\\wfm
A A A AR 8 T2 7 A I o 8 SR A S — -
PEHLUEAT AN, 4 T4 AR VOCs i it e 2 g6 | s L
FES AR | ) AT 4R R AL R 7 10 T3 T4 i -~ Wk A TR
SO TR R R B L w0 &

KA1 O 2 T B PID T 1 9 55 ) e O O SO, L O S O ST o
BRAVOCs i /(mg-m ™)
15435 0 VOCs it A, R
g;i"“ %S fmgg‘% \;; fﬁﬁ 6 VOCs XB M S0 VOCs FEREE HH S E
AT 80%; LR L R Fig. 6 Scatter plot of VOCs removal rate chaning with inlet

mg%% s 57&% [A] L&1’§ ﬁé‘k%%j:g VOCs 2 VOCs concentration
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BRAIZIT 100%. ML, VOCs J5 bk ¥ J5E 1 25 B 56 5C AR WO BB 2 16 2 SR d AR iUt deb o X 2 2%
23 i 2 B4 SR B G, (A oA Y 1 BRI T BR il 2Rk sURI K (5) At (6).
fr(x)=95.5x% gO9BXI0E _ 0] 3 ,mxx00127 )

fr (%) =91.04 x exx1,898><I0’(’ —126.6 X ¢~ *<0:0072 (6)

6 B T 23R R AR BE T 2% VOCs L BRARBEUE R D i@ % . —Jrim, HT
0 B S A T AR bR N R HEAL TR, R BRI T R G B L BRAE T, W SO R GEAE
ARV RE S e B R A e R L BRAE ST o e I R — I 2 RO R W, IR R AL (5) FnaK
(6), "IFEAARERE . BITRAG A R ERAR A ST XS LG, ] DA A Al R A A fk g
AHEA R B SE SR AR AR AR . 5 —Or T, R O I R S R A S it 2 O e SRR BE Y
WFFE PR BERS LOARTE , IF xR B A eet | T T 2Bt S B o Ak
24 BITHRADH

B A T2 5 ) A Ak BRI ) 122 8 T 2003 1 05 W B AR SRR A T Z B AT X e, b iz
TaTiE, 4RI 2.

®2 AIZ5EGIZFEITERRAI

Table 2 Comparison of annual operating cost between this process and traditional process

=] AT LERNITIC AT LRI BATE L
AR T4 L A FE T B A IS (100 kW) JE 9 TAE FiHA15~30 min, LIR
L7 17.37 29.13 RBLAK I o fARIRSEY 1 TAER FUMFERWBLIN SR . B4 T 2 M+
BIERR BB . WA BL . dEHRbiE . RBLATKZE At
W L4 0 93 et T2 Sl T OB R, 292 atidfe ik
YRR AE 1.92 1.92 MRS FEAEIR], BTSSR RS T 46t
R g AL AR & A bl M*M*P;'é%ﬂiﬁﬁﬂﬁﬂlﬁl, — B3-S —IR, FiES
atli YA, BUIEFE2 m?
fERAb T 0.52 0.52 AR AR Tk, #25 afbB2UCH5
AR FE 7.8 0 AL ZAMARE TR, FREHFERRRTORE , 48] ITRE T RE R K2 6.5 ¢
Rl ST 0.11 0.11 3RUKE, FEKERIS m*h?
NLRA 0 0.05 G L2 HFE TR T, 2 a1k, —KFE2A
At 35.72 49.03 T

TE: ARIEHIZY) SRR A 12019—20224F A B S 1

KT MBI A F ARG moh . WEAMIEFE . MR . el abs . BORHEAE . ARK
THFE . 5 PO UL B+ AL SR B+ A L, AR T TEFT AR, %A AN TR, BghE
ik, mefescal [ ah Ak, EHE DR, A IRITIHS ARG, AAIE T 4800 h i, 15
AT AW B is T AN 35.72 T1o0. SEG T AM, BITMARIR T 24 27%,

3.4

1) R FH 22 250 4 LIS 08 AR R e T2 B A R Uil 25 ) VOCs HE Tl A 0] . 30 37 B84l 1k B
PLE B Bt [l B R Kb R A R 1 22 50 A I A A MK 008 e " B A T o 25 ok R i i L TRD R P
VOCs HEjik [a]#

2) ML R B T 25 RN 22 R R 2 o 1 25 ) VOCs B 25 B A FRAUCR K T 97%. Ab PR R 2 1F
SHEBTRKEFR M, YMi##SH VOCs i i KT 1000 mg'm™ B, VOCs &b 3 2% %8 GE 2 i ik 2|
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98% LI I+, Bl H VOCs i W BE 4 55, VOCs Ab BECR 2R 100% .

3) 545 G543 1 0 W BRE -+ AR R B+ bk TS AR B, 22 S0k Il Wi i AR R B8 T 25 TG i Al P R
A, BANTEM, BTk, ReSisl AaifesEdl, BAERm R EE, A T L0 8as 17 i
K 3572 Ti 0. SEGE T ZML, BRI T 20 27%.

4) H T A B BE TN 22 R A (] i e A AR e ) 2 A R A5 AR 0L, A L I B A ML AR HE I I
RN BB AR 8 S 5 HE IR ZS HEAT A HE AN AR, (R X R e 2o R R 22 A58 A T oS R ) 40 BB Al A A A5 1
HE— 2 R TR BRRR, FERRARARA

& % X M
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Abstract In order to effectively deal with a large number of intermittent VOCs generated in the production
process of the pharmaceutical industry, a direct catalytic. combustion process of multi-effect heat recovery
composed of heat storage, heat exchange, heat recovery and heat supplement was constructed. Combined with
the fuzzy PID temperature control strategy, 500 g-m~ platinum-palladium alloy plated on honeycomb ceramic
carrier was used as a catalyst to treat intermittent organic waste gas discharged from a pharmaceutical industry.
As a result, the feasibility of this technologyin processing intermittent organic waste gas discharged from the
pharmaceutical industry was verified. The results showed that under the condition that the mass concentration of
VOCs emitted by the pharmaceutical industry fluctuated greatly from 22 mg-m™ to 6 293 mg-m°, the multi-
effect heat recovery in catalytic combustion process could stably and effectively purify the organic waste gas
emitted by the pharmaceutical industry, and the VOCs emitted after purification. The concentration was less
than 20 mg-m°, and the comprehensive treatment efficiency was more than 97%. with the increase of VOCs
mass concentration, the treatment efficiency was close to 100%. Using this technology, the average annual
operating cost of this process was 357 200 yuan, which was reduced by more than 27% compared with the
traditional process. In conclusion, the multi-effect heat recovery in catalytic combustion process could
effectively treat intermittent VOCs in the pharmaceutical industry, and this study can provide a reference for the
treatment of intermittent VOCs in the pharmaceutical industry, and also for other industries.

Keywords pharmaceutical industry; direct catalytic combustion; multi-effect heat recovery; VOCs;

intermittent; fuzzy PID control
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